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Abstract
Nutrient deficiencies are common in patients with
inflammatory bowel disease (IBD). Both total parenteral
and enteral nutrition provide important supportive
therapy for IBD patients, but in adults these are not
useful for primary therapy. Dietary intervention with
omega-3 polyunsaturated fatty acids contained in fish oil
may be useful for the care of IBD patients, and recent
studies have stressed the role of PPAR on NFκB activity
on the potential beneficial effect of dietary lipids on
intestinal function.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a term used to denote
inflammation of the gastrointestinal mucosa of unknown

etiology. There are a number of hypotheses pertaining to
the development and perpetuation of IBD. Three major
theories emerge from the literature. The first implicates a
persistent intestinal infection[1-3]; the second proposes that
IBD is a consequence of a defective mucosal barrier to
luminal antigens[4,5]; and the third suggests a dysregulated
host immune response to ubiquitous antigens [4,6]. It is
believed that IBD has both genetic and environmental
components, and is immunologically mediated [4,7-9] .
Data from IBD patients concerning cytokine profiles,
permeability defects, response to treatment, and natural
history of disease all indicate a heterogeneous group of
illnesses that fall under the headings of ulcerative colitis
(UC) and Crohn’s disease (CD). Previous epidemiological
data covering diet in UC and CD are conflicting, partly due
to this heterogeneity of the diseases, difficulty in obtaining
reliable data and publication bias such as negative
structures of breastfeeding[10].

Nutrition in IBD
Specific antibody isotypes to major milk proteins are
found in both UC and CD patients. In CD, the antibodies
correlate with disease activity[11]. Although ethnic origin[12],
and not the IBD disease state, appears to be the main
determinant of lactose intolerance, the avoidance of dairy
products by IBD patients is extensive[13]. Lack of breastfeeding in infancy has been associated with CD but not
UC. In addition, increased carbohydrate consumption
has been documented in CD[14]. Others have alluded to a
lack of dietary fiber as a predisposing factor for IBD[15].
The development of UC has also been associated with
high intakes of monounsaturated fatty acids (MUFA), n6
polyunsaturated fatty acids (n6 PUFA), sulphur-containing
diets and vitamin B6[16].
Deficiencies
IBD is associated with a number of nutritional deficiencies
including anemia, hypoalbuminemia, hypomagnesia,
hypocalcemia and hypophosphatemia, as well as
deficiencies in folic acid, niacin, Vitamins A, B12, C, and D
as well as deficiencies of iron, zinc, copper[17]. It is not clear
if low levels of micronutrients are one of the results of
disease or one of primary importance. Plasma antioxidant
concentrations are reduced in IBD patients, particularly
those with active disease[18]. Antioxidant activity, assessed
by measuring selenium concentrations and erythrocyte
www.wjgnet.com
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glutathione peroxidase activity, is inversely correlated
with inflammatory biomarkers, including TNF α [19] .
Hyperhomocysteinemia is more common in patients with
IBD, and is associated with reduced serum, concentrations
of vitamin B12, folate and B6[20].
Several mechanisms contribute to the malnutrition
observed in IBD patients. Firstly, there is a decrease in
the oral intake of nutrients because of abdominal pain
and anorexia. Secondly, the mucosal inflammation and
associated diarrhea leads to a loss of protein, blood,
minerals, electrolytes and trace elements. Thirdly, multiple
resections or bacterial overgrowth may have an adverse
nutritional effect; and lastly, the pharmacological therapies
may also lead to malnutrition. For example, sulfasalazine
reduces folic acid absorption, and corticosteroids decrease
calcium absorption as well as negatively affecting protein
metabolism [21]. Alterations in energy metabolism may
result in increased resting energy expenditure and lipid
oxidation in IBD patients [22,23] . The consequences of
malnutrition are numerous, and include reductions in
bone mineral density[24], as well as growth retardation and
delayed sexual maturity in children[25]. Osteoporosis may
also be implicated as a result of proinflammatory cytokine
profiles.
Nutritional therapy can take on a number of forms
which include Total Parenteral Nutrition (TPN) and Total
Enteral Nutrition (TEN). The diets used are elemental,
polymeric, and exclusion diets. Elemental diets contain
nutrients reduced to their basic components: amino acids
for proteins, glucose for carbohydrates, and short-chain
triglycerides for fats. Polymeric formulas contain whole
proteins for nitrogen, glucose polymers for carbohydrates
and long-chain triglycerides for starch or fat, respectively[17].
Total parenteral nutrition (TPN)
The use of TPN for the management of IBD is based
on certain theoretical advantages: bowel rest is beneficial
because it diminishes motor and transport function of the
diseased bowel[26,27]; a decrease in antigenic stimulation will
eliminate the immunologic responses to food, especially
in the presence of impaired intestinal permeability[28-30];
TPN fosters protein synthesis in the intestine which
leads to cell renewal, healing, and reversal of impaired
immunocompetence.
Ostro and co-workers[31] demonstrated remission rates
of 63% to 89% with TPN in a large retrospective series of
CD patients who were refractory to conventional medical
management. However, Matuchansky et al[32] emphasized
that there were high relapse rates (40%-62%) after 2
years. It has been suggested that TPN be used only in a
nutritionally supportive role[33,34]. In UC, there is no evidence
for better outcome with TPN[35,36]. Although remission
rates of 9% to 80% have been reported, TPN given to
patients with severe colitis appears to only be beneficial
as perioperative nutritional support. In patients with mild
disease, TPN is more effective but is not better than
steroid therapy, and thus the invasiveness and cost of TPN
are unjustified. Any benefits associated with TPN may
be due to the administration of nutrients, and not bowel
rest, as bowel rest alone has no effect on disease activity[37].
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Therefore, although TPN has a role in patients with a nonfunctioning intestine or the short bowel syndrome due to
excessive resections, TPN is of limited use as a primary
therapy in IBD. This is not intended to be an extensive
review of TPN, but it should be cautioned that even in
expert centres, TPN is associated with complications such
as sepsis and cholestatic liver disease.
Total enteral nutrition (TEN), elemental and defined
formula diets
TEN excludes potential toxic dietary factors and antigenic
exposure, since there are only amino acids, glucose or
oligosaccharides and low lipid content. TEN is not
associated with cholestasis, biliary sludge or gallstone
formation, as is seen with TPN. Atrophy of the small
intestinal mucosa has been observed in animal models
receiving long-term TPN, but this atrophy is prevented
with TEN. In addition, a 6-wk TPN treatment in dogs
resulted in marked reduction in pancreatic weight, a
decrease in small intestinal mass, and a decrease in
intestinal disaccharidase activity in dogs[38]. For this reason,
TEN is preferable to TPN.
The topic of nutrition in GI disorders occurring in
IBD has been reviewed recently[39,40]. When compared to
TPN, enteral nutrition yielded similar results of preventing
and combating malnutrition[35,36,41]. Although Voitk et al[42]
proposed that elemental diets may be an effective therapy
for IBD, enteral nutrition as a primary therapy has failed
to yield consistent results in numerous clinical trials. It is
true that a number of trials have shown remission rates
in CD patients receiving elemental diets, similar to the
rates observed with steroid therapy [43-54]. However, it is
noteworthy that significantly better remission rates were
observed in patients receiving steroid treatment versus
elemental diets when including all the diet group drop outs
(i.e., on an intent-to-treat basis). The question remains
as to the best way of analyzing the results when a large
percentage of patients receiving diet therapy drop out
because of unpalatibility or intolerance. Furthermore,
some studies have shown no difference with elemental
diets when compared to steroid therapy[48,52]. In children,
elemental diets were associated with greater linear growth,
while in adults these diets preserve nitrogen balance[55,56].
The role of nutritional therapy in the context of pediatric
onset illness has been reviewed[57]. Thus, enteral nutrition
is easier to use, is less expensive, and is a better alternative
to TPN. Unfortunately, its unpalatability limits patient
compliance, but with strong encouragement this may be
partially overcome.
The fat composition of enteral diets may influence
the results which are obtained in the various clinical
trials. Elemental diets have a low fat content, while most
polymeric diets generally contain more fat including more
linoleic acid, which is a precursor for the synthesis of
potentially proinflammatory eicosanoids[58].
Defined formula diets are usually more palatable and
less expensive than are the elemental diets. While some
investigators report no differences between elemental and
defined formula diets in patients with acute CD[49,59,60],
Giaffer et al[61] found elemental diets to be more effective
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in active CD. A randomized double-blind trial in Crohn’s
patients demonstrated that elemental and polymeric
(defined) diets, differing only in their source of nitrogen,
were equally effective in reducing the Crohn’s disease
activity index (CDAI), and in inducing clinical remission[62].
Although defined formula diets provide less bowel rest,
they have the potential advantage of exposing the GI
tract to the usual dietary substrates, which allow thereby
for the full expression of intestinal, biliary and pancreatic
activity[63]. In animal studies, it has also been observed that
luminal nutrition has trophic influences on the gut[64].
Is there a beneficial effect of supplementing polymeric
formulas with TGF-β1[65]? In pediatric CD, reductions in
proinflammatory cytokine concentrations and mRNA,
paired with an up-regulation of TGF- β mRNA, was
associated with improved macroscopic and microscopic
mucosal inflammation. A meta-analysis and a Cochrane
review have demonstrated that in adults, corticosteroids
are more effective than enteral diet therapy [48-50]. It is
unclear what is the role of nutritional therapy in adults
with CD[51-53], although there is some evidence in Japan
that enteral nutrition enjoys support as primary therapy[53].
In contrast to the generally agreed role in adults of enteral
nutrition being useful to improve the patient’s nutritional
status as its main benefit, in children with CD enteral
nutrition has a much clearer benefit to improve clinical,
biochemical and growth parameters[55], and may as well
have a steroid sparing effect[56,57].
Glutamine, fiber and fatty acids
Diets high in glutamine, an important source of energy
for enterocytes and the preferred fuel of the small
intestine [66,67] , have been used with variable success.
Glutamine probably exerts its trophic effects on the small
intestine by increasing protein synthesis, and generating
alanine as a substrate for enteric gluconeogenesis [68].
There is evidence that glutamine protects the small
intestinal mucosa during critical illness [69,70]. However,
oral glutamine supplements do not restore to normal
the increased permeability seen in patients with CD, and
these supplements do not beneficially affect the patients’
CDAI or C-reactive protein (CRP) levels[71]. Similarly, a
randomized controlled trial demonstrated that no benefit
was associated with the intake of glutamine-enriched
polymeric formulas in children with CD[72].
In animal studies, dietary fiber has been implicated in
maintaining the integrity of the intestine, and in preventing
the bacterial translocation from the gut to the mesenteric
lymph nodes[73,74]. Short chain fatty acids (SCFA, C1 to C6
organic fatty acids), are produced by the fermentation of
dietary polysaccharides by the normal anaerobic bacteria
in the colon. These SCFA are a source of energy for the
colonocytes, in addition to their enhancing sodium and
water absorption and promoting blood flow[75,76]. Reduced
levels of SCFA, particularly butyrate, and a defect in the
oxidation of butyrate by colonocytes, have been proposed
as a mechanism in the pathogenesis of IBD[77,78]. Evidence
to support this hypothesis includes the observation that the
oxidation of 13C-labelled butyrate is lower in patients with
active UC as compared to healthy controls[79]. However,
Simpson and co-workers failed to demonstrate differences

		

3

between UC patients and controls in the oxidation of
rectally administered 13C-labelled butyrate[80].
TPN supplemented with SCFA enhanced functional
adaptation to intestinal resection in rats. It remains to be
determined if patients with short bowel syndrome may
benefit from SCFA[81].
Butyrate (C4 fatty acid) administered to UC patients
resulted in remission rates comparable to corticosteroids
and mesalamine[82]. In patients with CD, both intestinal
biopsies and lamina propria cells cultured with butyrate
had significantly reduced levels of inflammatory cytokines
(TNF), possibly due to a reduction in NFκB activation and
IκB degradation[83].
Eicosanoids are inflammatory mediators, and have been
implicated in the pathogenesis of chronic inflammatory
lesions in the bowel. Specimens from patients with IBD
show increased eicosanoid formation [84]. High dietary
intake of omega-6 polyunsaturated fatty acids (PUFAs),
which reduces omega-3 intake, may contribute to IBD
development[85]. The benefits of fish oil, which contain
n3 fatty acids, have been shown in some inflammatory
diseases such as psoriasis and rheumatoid arthritis.
Epidemiological observations of the low prevalence of
IBD in Japanese and Inuit populations consuming high n3
fatty acid fish provided a rationale for the use of n3 fatty
acids in IBD. The n3 fatty acids are believed to compete
with n6 fatty acids as precursors of eicosanoid synthesis.
The n3 products are series 5 leukotrienes, which have less
physiological activity than do the arachidonate- derived
series 4 counterparts. Thus, fish oil may have an antiinflammatory effect.
Rats fed with fish oil which had TNBS-induced
i n f l a m m a t o r y l e s i o n s i n t h e b owe l s h owe d l e s s
prostaglandin- and leukotriene-mediated immune
response [86]. Parenteral lipid emulsions enriched with
n3 fatty acids reduce diarrhea, attenuate morphological
chang es, and decrease colonic concentrations of
inflammatory mediators in an animal model of acetic acid
induced colitis[87].
Loeschke et al[88] performed a placebo-controlled trial of
n3 fatty acids in the prevention of relapse in UC. Patients
in remission who received n3 fatty acids experienced fewer
relapses than did those receiving placebo. Unfortunately,
the beneficial results of this study did not persist
throughout the length of the 2 year study, possibly due to
decreased compliance over time. In a multicenter placebo
controlled relapse prevention trial, Belluzzi et al[89] found
a significant reduction in the relapse rate in CD patients
given a special formulation designed to allow delayed ileal
release of n3 fatty acids. A fish oil diet has been shown
to increase eicosapentanoic and docosahexanoic acids in
the intestinal mucosal lipids of IBD patients, as well as
showing a decrease in arachadonic acid. An increase in
the synthesis of leukotriene B5 as well as a 53% decrease
of leukotriene B4 was shown in UC patients, whereas the
fish oil treatment showed a nonsignificant trend to faster
remission[90,91]. Fish oil supplementation results in clinical
improvement of active mild to moderate disease, but was
not associated with a significant decrease in leukotriene B4
production[84]. Thus, fish oil supplementation of the diet
may provide some short-term benefit to patients with CD
www.wjgnet.com
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or UC. The use of probiotics and prebiotics has received
much attention; the interested reader is referred to recent
reviews in this area[40].
Fatty acids and gene expression
T he effect of fatty acids on g ene expression was
previously thought to result largely from alterations in
membrane phospholipids or eicosanoid production.
More recently, the discovery of nuclear receptors; such
as peroxisome proliferator-activated receptors (PPARs),
and their regulation by fatty acids, has changed this view.
PPARs are ligand activated transcription factors that
upon heterodimerization with the retinoic X receptor
(RXR), recognize PPAR response elements in the
promoter regions of various genes, and subsequently
affect gene transcription. PPARs bind various ligands
including nonsteroidal anti-inflammatory drugs (NSAIDS),
thiazolidinediones (antidiabetic agents) as well as PUFAs
and their metabolites[92-96]. Several subtypes of the receptor
have been identified (α,δ,γ) and these are differentially
expressed in a variety of tissues. PPARγ is expressed in
intestinal tissue, with the highest abundance detected in
the colon[97].
PPAR γ has been implicated in the regulation of
inflammation, and has become a potential therapeutic
target in the treatment of inflammator y disorders,
including IBD. It has been suggested that patients with UC
have a mucosal deficit in PPARγ that may contribute to the
development of their disease. Indeed, analysis of mRNA
and protein from colonic biopsies shows reduced PPARγ
in UC patients when compared to either Crohn’s patients
or healthy controls[98].
Using colon cancer lines, it has been shown that PPAR
ligands attenuate cytokine gene expression by inhibiting
NF-κB via an IκB dependent mechanism[99]. A number of
other studies suggest that PPAR activators inhibit COX2
by interference with NF-κB[100-102]. PPARs inhibit the AP-1
signaling pathway [103], and interact with the Jun [104] and
STAT signaling pathways[105].
Animal studies support the role of PPAR in intestinal
inflammation. Thiazolidinedione ligands for PPAR
markedly reduced colonic inflammation in a mouse
model of IBD[99]. PPAR+/- and RXR +/- mice display
enhanced susceptibility to TNBS-induced colitis[106]. The
administration of PPAR and RXR agonists synergistically
reduce TNBS-induced colitis, with improved macroscopic
and histologic scores, reductions in TNF α and IL-1 β
mRNA, and decreased NF-κB DNA binding activity.
Although clinical data is limited, the results of an
open label study using rosiglitazone, a PPARγ ligand as
therapy for UC, showed that 27% of patients achieved
remission after 12 wk of therapy[107]. Thus, PPARγ ligands
may represent a novel therapy for UC, and double-blind,
placebo-controlled, randomized trials are warranted.
Of considerable interest, the ability to modulate
PPAR nutritionally has been studied. Dietary PUFA have
dramatic effects on gene expression through the regulation
of several transcription factors, including PPAR. Fatty acid
regulation of PPAR was first noted by Gottlicher et al[108].
A diverse array of fatty acids, eicosanoids, and fatty acid
metabolites have been shown to activate PPAR[94-96]. Both
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PPARα and PPARγ bind mono- and polyunsaturated fatty
acids at levels, which are found in human serum[95]. Thus,
the anti-inflammatory effects of n3 PUFA may involve
PPAR and interference with NFκB, rather than simply
alterations in eicosanoid synthesis.
Clinical Implications
It is widely accepted that nutritional deficiencies are
common in patients with CD and UC, and these need to
be anticipated, identified and treated. There are no specific
diets which can be recommended for all patients with IBD;
diet therapy needs to be individualized. TPN or TEN may
be necessary to restore nutritional balance in selected IBD
patients with malnutrition, but in adults these interventions
do not provide a primary option to modify disease activity.
The omega-3 PUFAs contained in fish oil may reduce
disease activity in UC and CD when used in the short
term in conjunction with standard medical therapy. Their
mechanism of action may be to enhance the activity of the
nuclear receptors PPAR (peroxisome proliferator-activated
receptors) in the intestine, inhibiting the AP-1 signaling
pathway and NF- κ B, attenuating proinflammator y
cytokine gene expression. Future research will focus on the
identification and use of specific dietary lipids to reduce
intestinal inflammatory activity and to maintain long-term
disease remission.
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Abstract
More than 30 years after the discovery of human
hepatitis B virus (HBV) this virus remains to be one of
the major global health problems. In infected adolescents
or adults, 5%-10% will lead to a chronic carrier state,
whereas in infected neonates up to 90% develop
chronicity. It is estimated that about 370 million people
are chronic carriers of HBV worldwide. In many regions
of the world, chronic HBV infection is still the major
cause of liver cirrhosis and hepatocellular carcinoma.
During the last 30 years, many steps of the viral life cycle
have been unravelled, mainly due to cloning, sequencing
and expression of the genomic DNA extracted from HBV
virions. This has lead to the development of a safe and
efficient vaccine and sensitive tests for HBV surface
protein (HBsAg) allowing reliable diagnosis and screening
of blood products. More recently, a growing number of
reverse transcriptase inhibitors have been developed.
However, together with these improvements new
deficiencies in prevention and cure of HBV infections are
becoming apparent. Although HBV is a DNA virus, it is
highly variable under immunity or drug induced selection
pressure, resulting in vaccine-related escape mutants
and drug resistance. To overcome these challenging
problems new antivirals and optimised vaccines have to
be developed.
© 2007 The WJG Press. All rights reserved.
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Blumberg, which is now known as “hepatitis B virus
surface antigen” (HBsAg), in the late 1960’s opened the
field of HBV research towards an understanding of an
ancient scourge. During the following decades, many
research groups all over the world worked successfully
to unravel the life cycle of HBV. In Ger many, the
virologists Heinz Schaller, Peter H. Hofschneider, and
Reiner Thomssen initiated HBV research and provided a
profound impact on our understanding of the molecular
biology of this virus. Among the clinicians; the names of
Karl-Hermann Meyer zum Büschenfelde and Wolfgang
Gerok are to be mentioned as founders of hepatitis B
research. Moreover, in their labs, but also in other groups,
students and scientists became inspired to work on
this fascinating virus. Since then, an active and growing
community of HBV virologists has been established in
Germany. In this highlight topic a collection of reviews
written by those scientists and clinicians is presented. The
articles cover nearly all fields of hepadnaviral research,
from attachment and entr y to genome replication,
maturation, pathology, animal models and antiviral therapy.
The aim of this collection is to bring together recent
findings in basic virological and clinical HBV research in
order to provide a valuable reference for both hospital
hepatologists and basic scientists.
Hepatitis B virus is the prototype member of the family
hepadnaviridae that can be divided into the orthohepadnaviruses
of mammals and the avihepadnaviruses of birds. To date, the
orthohepadnaviruses are found only in humans and primates
and in a special family of the sciuridae, namely NorthAmerican woodchucks and some squirrel species. Primate
HBV were found in old world primates like chimpanzees,
gorillas, gibbons, orangutans, and in one new world primate, the woolly monkey. In the review “Taxonomy and
genotypes of Hepatitis B Virus”, Stephan Schaefer reports
that HBV sequences from old world primates are closely
related and cluster in monophyletic groups, while the
HBV sequence isolated from woolly monkeys (WMHBV)
is more divergent[1]. Human HBV is further subdivided
into several genotypes. To date, 8 genotypes (called A-H)
that differ by definition in at least 8% of their complete
genome have been found. The genotypes can be further
divided into 24 sub-genotypes that differ by at least 4%
from each other. Interestingly, no sub-genotypes have been
described for genotype E and G. The fact that genotype
E is common in West Africa, but absent in Americans of
African origin from Venezuela and Brazil has led to the
speculation of a recent genesis of genotype E. The geo-
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graphic origin of genotype G is less clear, however a high
prevalence of this genotype has been described in Mexico.
Both, the genotypes and sub-genotypes show distinct virological and epidemiological properties. As an example,
liver cirrhosis was detected in a greater number of patients
chronically infected with HBV genotype C than genotype
B in Japan. The same was also detected for the prevalence
of hepatocellular carcinoma in these patients. Interestingly,
detailed analysis of HBV genomes revealed recombination events between different genotypes. Hybrids between
genotype B and C, A and D are very common in certain
regions and distinct intergenomic recombination breakpoint hotspots were detected (e.g. the preS1/S2 region
and the 3’-end of the surface gene). B/C recombinants
occur in Japan and C/D recombinants in Tibet. However,
the mechanisms underlying these potential recombination
events are still unknown. In contrast to HIV or RNA viruses, recombination during replication is unlikely, because
reverse transcription of only one RNA genome occurs
within the capsid. Thus, it seems also possible that the described changes are the result of an adaptation to distinct
genetic disposition in different human populations. Taking
into consideration that a chronic HBV carrier can produce
up to 1013 virions per day together with a high error rate
of HBV reverse transcriptase, the HBV quasispecies can
substitute every nucleotide of the small 3.2 kb genome
within one patient every day. This favours very fast adaptation of the virus to a changing environment, and may result in modular adaptations within distinct segments of the
genome.
Soon after the discovery of hepatitis B virus, it was
shown that not only humans but also chimpanzees may
test positive for this agent. Furthermore, artificial infection
of chimpanzees, but also other apes like gibbons and orangutans with serum from HBV-infected patients induces
acute and chronic infections related to human disease.
Nevertheless, a strong species specificity of hepatitis B virus was observed, since it was not possible to induce HBVinfection in other mammals. Since then, many efforts have
been made to establish a small non-primate animal model
for HBV infection in vivo as described in the review “Viral
and cellular determinants involved in hepadnaviral entry”
in this topic highlight[2]. The finding that Tupaia belangeri,
a small non-primate mammal from Southeast-Asia is susceptible to HBV and HDV raises doubt in the strict host
specificity of HBV. Besides the in vivo infection, which is
usually self-limiting and does not lead to chronic infection, the use of primary Tupaia hepatocyte cultures for
in vitro infection has greatly improved the field. For many
years, primary human hepatocyte cultures, obtained after
surgical liver resection were the only possibilities to study
infectivity of HBV in vitro. However, working with these
scarcely available cell cultures is not easy and optimal HBV
infection is highly dependent on artificial additives like
dimethylsulfoxide (DMSO) and polyethyleneglycol (PEG)
for optimal infection. Furthermore, susceptibility of these
cultures varies strongly. Primary hepatocyte cultures from
Tupaia belangeri have overcome these limitations both in
availability and susceptibility. Furthermore, the infection is
possible without the addition of DMSO and PEG. Most
established hepatoma cell lines allow HBV production,
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but only after transfection of HBV DNA. Nevertheless, in
2001, a new hepatoma cell line called HepaRG was established that could be infected with HBV. However this feature is achieved only after prolonged cultivation in medium
containing DMSO and other additives.
Experiments 20 years ago using synthetic peptides
gave the first hint on the importance of the preS1 domain
for viral infectivity. Later it was confirmed that the first
77 aminoacids of this domain are necessary for HBV infectivity, together with the N-terminal myristoylation at
Glycin-2. Combining these important features, it turned
out that these myristoylated preS1-peptides inhibited HBV
infection at nanomolar concentrations in vitro. The exact
role of myristoylation during the entry process of HBV is
still not clear. It might enhance receptor recognition by insertion of the acyl chain into membranes of the receptorcomplex. Interestingly, a so called myristoyl-switch is a
well known element of viral entry mechanism used by
non-enveloped viruses, like picornaviruses and reoviruses.
Using a set of different myristoylated preS1-peptides the
preS1 sequence responsible for this inhibition was further
narrowed down to 10 aminoacids (NPLGFFPDHQ) in
position 9-18 of preS1. Even single point mutations within
this region abolish the inhibitory potential of preS1 peptides and when introduced into the viral surface proteins,
also destroy infectivity of the virus completely.
The MHBs of HBV seem to be dispensable for
infectivity of HBV and HDV. However, antibodies raised
against the preS2 region that is an integral part of MHBs
and LHBs could inhibit infection both in vivo and in vitro.
Controversies exist about a role of a putative translocative
motive (TLM) within the carboxyterminal part of preS2
and its importance for infectivity of HBV. However, no
function of this sequence has been attributed to infection
with HDV that uses HBV surface protein for infection.
The S-domain contributes to the main part of HBV
surface proteins, but from the data obtained by use of
myristoylated preS1 peptides, we know that the S-domain is
not involved in initial binding to target cells. Nevertheless,
antibodies raised against this domain are neutralising and
contribute to protection against HBV infection in most
cases. However, antibodies against the so-called antigenic
domain (residues 100-160 that are also generated by the
current S-containing vaccines) may not protect against
naturally occurring escape-mutants that are frequently
selected, e.g. by antiviral treatment. Since we now are aware
that these antibodies will not counteract the binding of
the virus to its target cells, the preS1 domain containing
the minimal interaction site ought to be included into the
vaccine. An unsolved problem is the identity of the still
undetected high affinity receptor for HBV. An update
of the still growing list of potential receptor candidates
is listed in this reviews series, but none of them has ever
been shown to be relevant for HBV infection.
Inspired by the presumption that the infection process
of all hepadnaviruses may follow similar pathways, many
labs used the more easy accessible duck hepatitis B virus
(DHBV) infection system to study hepadnaviral entry
in vitro. Although also restricted to primary hepatocyte
cultures, this system is, compared to primary human
hepatocyte cultures, relatively easy and accessible. Like in
www.wjgnet.com

10

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

HBV, the preS-domain of large surface protein of DHBV
contributes to infection together with its N-terminal
myristoylation. Furthermore, the preS-domain binds to
a 180 kDa membrane protein and this binding can be
inhibited by neutralizing preS-antibodies. Further work
identified the gp180/p170 protein as carboxypeptidase D
(CPD), a transmembrane protein with enzymatic activity.
While substantial evidence supports the essential role
of CPD for the DHBV infection process, expression of
CPD in non-susceptible cells did not make these cells
susceptible towards DHBV. Therefore, the first attachment
partners for DHBV are still unknown. Furthermore, this
molecule seems to be restricted to avihepadnaviruses, since
the human homolog of CPD does not contribute to the
HBV infection process. Therefore we have to be aware
of the possible differences of entry mechanism of aviand orthohepadnaviruses. Nevertheless with easy accessible in
vitro infection systems for HBV available (primary Tupaia
hepatocytes and the HepaRG cell line) it should now be
possible to characterize cellular attachment factors and
entry receptors for HBV.
After uptake, the viral genome has to be transported
through the cytoplasm to the nucleus where active
transcription can take place. As discussed by Kann et al[3].
evaluation of the transport modes of HBV from the
plasma membrane to the nucleus is not easy since at least
the early steps of attachment and entry are very species
specific and usually need primary human or Tupaia
hepatocytes. After uptake of the virus in a yet unknown
compartment, the viral envelope proteins mediate fusion
of viral and cellular membranes that results in delivery
of the viral capsid into the cytoplasm. The capsid,
harbouring the viral DNA, covalently linked to the viral
polymerase must then be transported into the nucleus of
the host cell. To study HBV capsid transport without an
infection, isolated HBV capsids have to be either analysed
within permeabilized cells or microinjected into Xenopus
laevis oocytes. Both systems are very artificial and timeconsuming. However, in the review of Kann et al, an
easy in vitro system is described that allows analysis of
intracellular transport after artificial entry of the capsids.
The authors replaced the viral surface proteins of the virus
by lipids, normally used for protein transfection. The lipids
form an artificial membrane that allows fusion with the
cellular plasma membrane and release of the viral capsid
into the living cell. In fact, lipofection of HBV capsids
isolated from virions allows “infection” of cells that are
non-susceptible to the whole, complete virus. First, the
core particles are transported via microtubuli towards the
microtubule-organising centre, located at the perinuclear
region of the cell. The viral capsid, containing a nuclear
localisation signal interacts with the adaptor proteins
importin alpha and beta. Importin beta facilitates contact
with the nuclear pore and translocation into the nuclear
pore. Interestingly, despite complete translocation, the
core particles seem to be stuck at the end of their voyage
through the nuclear pore, in a structure called “nuclear
basket”. Within the nuclear basket, the breakdown of the
capsid and the release of the viral DNA into the nucleus
should be facilitated. However, many questions are still
unanswered, e.g. what determines the arrest of the core
www.wjgnet.com
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particle within the nuclear basket and genome release?
Once within the nucleus of the infected cells, the viral
HBV genome is converted into a stable form that allows
continuous production of progeny virus and is not lost
during cell division. Jürgen Beck and Michael Nassal, give
an overview of the hepadnaviral genome replication,
starting from the conversion of the incoming viral
genome with its circular, but only partially double stranded
(rcDNA) to the very stable covalently closed circular DNA
(cccDNA) [4]. The rc-DNA form of the HBV genome
contains diverse modifications (e.g. the polymerase-protein
covalently linked to the 5’end of the (-)-DNA strand) that
have to be removed before generation of cccDNA that can
serve as a matrix for proper transcription. Experimentally,
this is difficult to investigate, since detection of cccDNA
in the presence of high amounts of rcDNA is not trivial.
Furthermore, cccDNA is present only in low amounts
in infected hepatocytes (from 10-50 genomes per cells).
Nevertheless, the episomal cccDNA is very stable (halflife > 30-60 d for DHBV infected ducks) and can
therefore even persist during effective antiviral therapy.
A detailed understanding of rc- to cccDNA conversion
and its inhibition would therefore be desirable. The HBV
cccDNA serves as the template for all viral RNAs that are
transcribed by cellular RNA polymerase II. Interestingly,
the reverse transcription step of HBV requires the specific
packaging of the pregenomic HBV RNA together with
the viral polymerase (containing reverse transcriptase,
DNA polymerase and primase domains) into newly
formed capsids. Therefore, the authors describe the newly
formed capsid as a “dynamic replication machine” that
puts the compartmentalization of genome amplification,
known from other vir uses, to its extreme. Besides
the capsid, viral reverse transcriptase and pregenomic
RNA, additional factors are essential for hepadnaviral
replication. New methods that use in vitro reconstitution of
purified components are beginning to reveal that cellular
chaperones (e.g. heat shock proteins, hsps) are essential
factors for viral polymerase-protein activation. Cell-free
reconstitution systems will allow scientists to systematically
study the factors necessary for hepadnaviral replication.
The review by Volker Bruss summarizes our current
knowledge about hepatitis B virus morphogenesis [5] .
Envelopment of mature core particles depends on the
presence of HBV surface proteins that are synthesized
at the endoplasmatic reticulum (ER). HBV envelope
proteins contain three related co-carboxyter minal
surface proteins. Common to all three proteins is the
226 aminoacids long small surface protein (SHBs).
Aminoterminal addition of the 55 aminoacid long preS2domain results in the middle surface protein (MHBs),
while further aminoterminal addition of the preS1-domain
(109 or 118 aminoacids, depending on the genotype) are
found in large surface protein (LHBs). During synthesis
at the ER, the SHBs builds a conformation that results
in exposure of aminoacids around 99 to 169 to the ER
lumen resulting in N-glycosylation of half of the S
proteins at asparagine (asn) 146. After budding, this loop
is located at the surface of virions and subviral particles
and carries the major conformational epitope of the
HBV surface proteins. The M-Protein, in addition to the
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S-domain, is always N-glycosylated at asn-4 in preS2 and
also present on the viral surface. The preS2-domain is
also O-glycosylated at threonine (thr) 37, but interestingly
only in genotypes B-H, since genotype A lacks thr-37.
However, the overall function of this O-glycosylation for
the viral life cycle is still unknown. Moreover, the function
of the M-protein by itself is still not clear. Absence of
the M-protein does neither suppress virion formation nor
impede viral infectivity. However, the M-protein seems
to have an evolutionary advantage for the virus, since it
is conserved through all orthohepadnaviruses. The preS2domain is a further integral building block of the large
surface antigen (LHBs) by further aminoterminal addition
of the preS1-domain to the preS2-domain. The preS1domain has a dual function: the aminoterminal domain
is necessary for attachment and entry of the virus, while
the carboxyterminus together with aminoterminal part
of preS2 is used for envelopment. Interestingly, the preSdomains of the LHBs are cytosolic during translation
but half of the preS chains of LHBs are believed to
translocate after translation. How the preS domains cross
the membrane is still unknown, however cytosolic and
ER-specific chaperones are believed to be involved in this
process. In addition, the preS1-domain is myristoylated
at Glycin-2, a modification that is not necessary for
viral morphogenesis, but important for efficient viral
infection. Even without involvement of the core particle,
the surface proteins can bud from a post-ER, pre-Golgi
compartment and build subviral particles that do not
contain a viral capsid or DNA and are therefore noninfectious. In the case of HBV, they are built in the form
of spheres and filaments and can reach concentrations
that are 10 000-fold higher than the virions. Interestingly,
the L-protein cannot build particles by itself, but needs
S or M protein for proper segregation. Moreover, the
LHBs can induce a dose-dependent inhibition of particle
release even in the presence of SHBs. A massive storage
of HBV envelope proteins in turn can lead to massive cell
stress causing cell death or cancer. The significance of the
secretion inhibition function of LHBs for the viral life
cycle is still not clear. However, it seems to be dependent
on the myristoylation of preS1 domain of LHBs since
blocking of LHBs myristoylation abolishes the storage
phenomenon of LHBs.
Hepatocellular carcinoma (HCC) is one of the most
frequent malignant tumors world-wide. Behind lung and
stomach cancer, HCC is the one of the leading cause of
cancer death. In the review by Joachim Lupberger and
Eberhard Hildt, titled “HBV Induced Oncogenesis”, the
authors discuss the relation of chronic HBV infections
and HCC and describe the epidemiolog y of HBVassociated HCC[6]. Epidemiological data state that chronic
HBV carriers have a more than 25 times higher risk
of developing HCC, while the molecular mechanism
underlying the development of HBV-associated HCC
are still not clear. The authors distinguish between direct
effects and indirect effects caused by the integration
of HBV-DNA into the host genome. In contrast to
retrovir uses, integration of viral HBV-DNA is not
necessary for the viral replication. However, almost all
HBV-associated HCCs contain integrated HBV DNA.
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The integrated viral genomes are rearranged or contain
deletions, and cannot lead to viable progeny. However,
they may exert an effect on key regulators of the cell
cycle. Of special interest in this respect is the frequent
integration of woodchuck hepatitis B virus into the
N-myc2 gene of the host cells of North-American
woodchucks in WHV-related HCC. In HBV-associated
HCC however, site-specific integration of HBV genome is
a rare event. One indirect effect of integrated HBV-DNA
is transcription of HBV open reading frames that remain
conserved even after integration. Of special interest is the
HBx protein, a small polypeptide that is produced at very
low levels in HBV infected hepatocytes. A large number of
possible functions have been ascribed to this still enigmatic
protein. Initially described as a transcriptional activator, the
authors discuss interference of HBx with different signal
transduction cascades. Furthermore, HBx was found to
interfere with DNA repair and might therefore account for
an increase of critical cellular mutations that might increase
the risk of developing HCC. Besides the HBx, a special
form of the HBV surface protein was found in HBVinfected hepatocytes of HCC patients. The middle surface
protein (MHBs) was found to be C-terminally deleted in
its S-domain (MHBst) that in turn results in an altered
topology of the aminoterminal preS2 domain. While the
preS2-domain of wildtype MHBs is located in the lumen
of the endoplasmatic reticulum (ER) and is glycosylated at
asparagine 4, the preS2-domain of the truncated form is
in the cytoplasm. This results in interaction of preS2 with
protein kinase C (PKC) and permanent activation of Raf/
MEK/ERK signal transduction cascades that might exert a
tumor promoter-like function. In line with this, transgenic
mice expressing MHBst develop liver tumors. However, a
more detailed understanding of the molecular mechanism
in HBV-associated HCC development is needed.
In general the infection with HBV can lead to a wide
spectrum of clinical manifestations, e.g. self-limited acute
or fulminant hepatitis, asymptomatic infection, or chronic
hepatitis with progression to liver cirrhosis that can lead to
hepatocellular carcinoma (HCC). In their review, Baumert
et al[7] focus on the impact of virus-host interactions for
the pathogenesis of HBV infection and associated liver
disease. Both, viral factors and host immune response
are discussed. One of the major viral factors are certain
HBV mutants that are associated with distinct clinical
manifestations, altering the natural course of the infection
and confer resistance to antiviral agents, e.g. inhibitors
of HBV reverse transcriptase. The authors focus mainly
on pre-core (pre-C) stop codon mutations resulting in
loss of hepatitis B e antigen (HBeAg) and core-promoter
mutations that enhance viral replication. The pre-C stop
codon mutation is clinically recognized mainly in patients
with chronic and fulminant hepatitis but is also detected
in asymptomatic HBV carriers or self-limiting hepatitis. In
all these patients, HBeAg, a soluble and secreted form of
the core-protein cannot be synthesized any more, despite
active viral replication. Therefore the authors argue that
HBeAg may play an important role for the interaction
of the virus with the host immune system, e.g. HBeAg
might have an immunomodulatory function. In line with
this, HBeAg might predispose neonates born to HBVwww.wjgnet.com
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infected mothers to develop persistent HBV infection by
establishing T-cell tolerance to HBeAg and HBcAg in utero.
Core-promoter mutations are mainly found in patients with
an aggressive course of disease like fulminant hepatitis B.
Those mutations result in a viral phenotype that shows
enhanced viral replication in cell culture and might alter
viral kinetics and influence cellular immune response in
vivo. This might result in more severe liver injuries and
possibly fulminant hepatitis. Despite the effect of viral
variants, the host immune response is the key player in the
onset of liver disease. The authors describe that HBV does
not induce strong immune response during the early onset
of infection. At the onset of HBV clearance an influx
of T cells into the liver occurs, but this is not typically
associated with strong liver disease, suggesting noncytopathic mechanisms for viral clearance that is CD8+
dependent and IFN gamma associated. Weeks later, final
elimination of HBV-infected liver cells occurs, presumably
by a strong T-cell response with associated liver disease
during acute self-limited HBV infection. The absence of a
strong T-cell response is detected in patients with chronic
hepatitis B. The precise mechanism that contributes to the
failure of virus-specific T cell response is still not clear and
is discussed by the authors.
Hepatitis B virus is the prototype virus of the family
of hepadnaviridae that is further divided into the orthohepadnaviruses of the mammals and the avihepadnaviruses of the
birds. The review of Funk et al[8], describes avian hepatitis
B viruses as an important animal model for the understanding of the life cycle of hepadnaviridae. Since the discovery of duck hepatitis B viruses (DHBV) in 1980 many
other avihepadnaviruses have been characterized in various
bird species including cranes and herons. The genomic and
structural organization is very similar in human HBV and
DHBV. Like HBV, DHBV replicate their DNA genome
by reverse transcription of an RNA intermediate. Similar
to HBV is their narrow host range, e.g. DHBV infects
only distinct duck and goose species but not chicken. Both
viruses infect mainly hepatocytes and share a similar life
cycle. Nevertheless there are differences that have to be
taken into consideration when comparing results obtained
from HBV or DHBV systems. First of all, the transmission of infection in ducks occurs mainly vertically, while
horizontal transmission is uncommon in contrast to human HBV. Although nearly all of DHBV infected ducks
develop chronicity, none or very mild hepatitis is detected
and no hepatocellular carcinoma occurs. Furthermore, the
DHBV envelope is composed of only two surface proteins [large (L) and small (S) surface proteins] and lacks
the middle surface protein (MHBs) found in HBV and
other orthohepadnaviruses. Unlike the envelope proteins of
HBV, DHBV L and S-proteins are not glycosylated, but
the DHBV L-protein is phosphorylated, a modification
that is absent in HBV L-protein. Another difference is the
open reading frame (ORF) for the X-protein. For DHBV,
only a cryptic X-like ORF has been described, but apparently lacks a functional role in DHBV in vivo. Despite these
limitations, DHBV infection of ducks has been an important animal model for the understanding of the biology
of hepadnaviral infections, due to the ready availability of
susceptible ducks.
www.wjgnet.com
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Because of the various limitations of the duck hepatitis
B infection model like absence of a strong immune
pathogenesis leading to the development of liver cirrhosis
and HCC, infection of woodchucks (Marmota monax) with
woodchuck hepatitis B virus (WHV) represents a wellaccepted model for many aspects of pathogenesis of
human HBV infection. In their review, the authors Stephan
Menne and Paul J. Cote describe in detail the woodchuck
animal model of orthohepadnaviral infections[9]. WHV, as
HBV, is a member of the genus orthohepadnavirus. In nature,
transmission of the virus occurs vertically and horizontally.
Similar to HBV, infections of adult woodchucks with
WHV results mainly in resolution and only 5% of infected
animals progress to chronicity. Experimental infection
of newborn woodchucks results in up to 75% to chronic
infection, which is similar to the high properties of neonates born to HBV-infected mothers to develop persistent HBV infection. Chronic WHV infection is associated
with life-long active viral replication and disease progression to chronic hepatitis and HCC in these animals. However, unlike chronic HBV infections, there is no naturally
occurring e-antigen to anti-e seroconversion and stepdown of viral replication. The high viral replication and
the very high load of surface antigen and continuous presence of e-antigen in chronic WHV-infected woodchucks
might therefore play a major role in disease progression
that leads to a nearly 100% risk of these animals to acquire
a HCC. However, even after recovery from acute WHVinfection a higher risk of HCC remains (up to 20%), when
compared to uninfected woodchucks. Interestingly, the
authors could show that WHV replication could be reactivated in serologically long-term resolved adult woodchucks
by immunosuppression with cyclosporine A. These experiments support the hypothesis that replication-competent
WHV (or HBV in humans) is able to persist years after
recovery from acute hepatitis and is controlled by an intact
host immune system. The observation in the woodchuck
model is supported by recently described fatal reactivation
of recovered HBV-infected persons during active immune
suppression. The woodchuck could therefore be a very
helpful model to study the mechanism of a possible long
life persistence of HBV even after serological recovery
from acute hepatitis. However, compared to humans, the
immune system of woodchucks is not well characterized.
Nevertheless, the woodchuck model has very much expanded our knowledge of immune pathogenesis of acute
and chronic hepadnaviral infections. Chronically WHVinfected woodchucks have proven to be an invaluable
tool for preclinical screening of antiviral drugs against
chronic HBV infections of men. Of the many studies with
nucleoside and nucleotide analogues tested so far in the
woodchuck, telbivudine and clevudine are the most potent
with a 8 log10/mL reduction in serum viremia after daily
administration of 10 mg/kg for 4 wk, respectively. In addition, continuous treatment with clevudine also delayed the
development of HCC significantly. The antiviral activity of
tenofovir is much lower under same conditions with only
1.2 log10/mL reduction in serum viremia after 4 wk and is
more or less comparable to those of lamivudine and adefovir in the woodchuck model. Furthermore, the authors
describe in detail further immunological studies in neonatal
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and adult WHV-infected woodchucks that might help to
identify the factors responsible for the switch from acute
to chronic infection. First results showed that under some
conditions, a combination of long-term antiviral drug
treatment and therapeutic vaccination can break humoral
and cellular immune tolerance in chronic WHV-infected
woodchucks, when compared with antiviral monotherapy.
The woodchuck animal model of chronic HBV infection
is therefore an invaluable tool to study viral pathogenesis
and host immune responses.
Despite the existence of a HBV vaccine, more
than 370 million people are chronically infected with
HBV worldwide, leading to chronic liver disease and
development of HCC in many cases. Therefore the overall
goal of an antiviral therapy for these cases would be the
cure of chronic HBV. However with the current antiviral
drugs this might not be achievable in all cases within
the near future. In the review by Hans L. Tillmann, the
aims of today’s antiviral therapy against chronic HBV are
summarized[10]. That is, first of all, prevention of liver
disease and development of HCC in these patients by
control and suppression of HBV replication. The author
discusses in detail the different types of chronic HBV
and their treatment parameters. For antiviral therapy,
only interferon alpha (IFN α) and inhibitors against the
reverse transcriptase of HBV are currently available. With
standard IFN α, seroconversion from HBe to anti-HBe is
induced in 20%-40% of patients 24 wk post-treatment. In
chronic HBV patients with a HBeAg negative phenotype,
patients showed a good response under IFN α treatment
for 6-12 mo but a sustained response was usually not
observed in the majority of cases. Unfortunately, longer
treatment is usually limited by strong side effects, e.g. flulike symptoms. Pegylation of IFN α, leading to a longer
half life of the modified interferon has similar efficacy, but
in general the sustained response for both, standard and
pegylated interferon seems to be dependent on the HBV
genotype. In contrast to the side effects of interferons,
inhibitors of HBV reverse transcriptase can be used for
prolonged antiviral therapy. Many of the nucleotides
or nucleosides analogues against HBV were developed
and used in HIV therapy. Lamivudine, also called 3TC,
inhibits HBV reverse transcriptase very efficiently and
usually results in viral suppression of 5-6 log10 copies/mL
after one year of treatment. Prolonged Lamivudine
treatment may contribute to seroconversion of HBe to
anti-HBe within 50% of patients after 4 years of therapy.
The major problem with prolonged Lamivudine, but
also other reverse transcriptase inhibitors is occurrence
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of drug resistance due to the selection of HBV mutants.
The mutations occur mainly within the YMDD-motive
of the C-domain of the viral polymerase, however other
mutations are also described. The high variability of the
HBV reverse transcriptase together with a high replication
rate of HBV and the slow kinetics of viral clearance
lead to rapid selection of mutants under drug selection
pressure that results in development of resistance during
continuous therapy. For Lamivudine, up to 70% resistance
has been described after 4 years of treatment. This leads
to viral breakthrough and progression of liver disease.
The author notes that it is therefore necessary to perform
early diagnostics of drug resistance and to adapt antiviral
therapy prior to breakdown of liver function. Even more
important is that the new antiviral in use must not show
cross-resistance to the HBV mutants selected by the
former antiviral, e.g. telbivudine and emtricitabine have
been reported to show a similar resistance mutation profile
like Lamivudine.
For the future, it will be necessary to have antivirals
on hand that inhibit different steps of the viral life cycle.
Rational targets might be inhibitors of attachment and
entry, conversion from rcDNA to cccDNA, capsid
assembly, envelopment and secretion of viral particles.
For attachment and entry, it has been shown that acylated
preS1 peptides block HBV infection in vitro and in animal
models. Based on these results a potent inhibitor of viral
infection (Myrcludex B) is currently being developed.
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Abstract
Hepatitis B virus (HBV) is a member of the hepadnavirus
family. Hepadnaviruses can be found in both mammals
(orthohepadnaviruses) and birds (avihepadnaviruses).
The genetic variability of HBV is very high. There are
eight genotypes of HBV and three clades of HBV isolates
from apes that appear to be additional genotypes of
HBV. Most genotypes are now divided into subgenotypes
with distinct virological and epidemiological properties. In
addition, recombination among HBV genotypes increases
the variability of HBV. This review summarises current
knowledge of the epidemiology of genetic variability in
hepadnaviruses and, due to rapid progress in the field,
updates several recent reviews on HBV genotypes and
subgenotypes.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B virus (HBV) is the prototype member of a
steadily growing family of viruses called hepadnaviruses[1].
H e p a d n avi r uses c a n b e f o u n d i n b o t h m a m m a l s
(orthohepadnaviruses) and birds (avihepadnaviruses).
HBV, the hepadnavirus infecting humans, is classified
into eight genotypes today. HBV genotypes differ by at
least 8%[2]. Since the first definition of the genotypes A,
B, C and D[2], genotypes E[3], F[4], G[5] and H[6] have been
www.wjgnet.com

detected. Due to the genetic diversity of HBV, numerous
subgenotypes of HBV have been described[7] (Table 1).
HBV subgenotypes differ by at least 4%[8].
HBV genotypes and most subgenotypes show a distinct
geographic distribution. In Asia, where there is a high
prevalence of HBV carriers, strong evidence suggests that
HBV genotypes influence the course of disease. Several
recent reviews have summarised knowledge on different
aspects of HBV genotypes[7-12] and on hepadnaviruses that
infect species other than homo sapiens[13-15]. This review
will update recent developments in understanding HBV
genotypes and taxonomy.

TAXONOMY
HBV is a partially double stranded virus that uses reverse
transcriptase in its replication cycle. Thus, HBV is similar
to many retroviruses found in animals and pararetroviruses
in plants[16,17].
After cloning and sequencing the HBV genome [18],
several related viruses were discovered in woodchucks
(Marmota monax) [19], ground squirrels (Spermophilus
beecheyi) [20] and pekin duck (Anas domesticus) [21] .
Subsequently, numerous new viruses that are similar
to HBV were found in mammals and birds and have
been cloned (Tables 1 and 2). All these vir uses are
classified in the family of hepadnaviridae, including the
genus orthohepdnavirus (mammals; Figure 1), and the
genus avihepadnavirus (birds; Figure 2). In addition
to the avihepadnaviruses listed in Table 2, five new
hepadnaviruses were cloned from exotic duck and goose
species; i.e., the Chiloe wigeon, mandarin duck, puna
teal, Orinoco sheldgoose, and ashy-headed sheldgoose.
Sequence comparisons revealed that 4 virus isolates were
closely related to existing isolates of duck hepatitis B virus
(DHBV), while the mandarin duck virus was closely related
to Ross goose hepatitis B virus[22].
In chimpanzees, gorillas, orangutans and gibbons new
putative members of hepadnaviridae were discovered
and sequenced completely[14]. It is now widely accepted
that primate hepadnaviruses are indigenous to their hosts.
Because hepadnaviruses isolated from apes are grouped
as HBV genotypes in phylogenetic analyses, it has been
sug gested that isolates from apes should be named
following the nomenclature used for immune deficiency
viruses[23] (Table 1), e.g. HBV found in chimpanzees should
be called HBVcpz. With only 5% divergence from the
chimpanzee HBV isolates, the HBV isolate from gorilla is
categorized in the HBV genotype (Figure 3, unpublished
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Table 1 Orthohepadnaviruses and their host
HBVcpz

WMHBV
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[80]
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0
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Ref.
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00
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9
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ANYC
49
48
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China
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1111

90

AJ44

AJ441112
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[84]

1
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02
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m3299
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DHBV
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m2
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485
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AJ4
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4
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m95589
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HHBV
StHBV

7

56

193

20

M2

36

0.02

AJ25

34
19
25
AJ
AJNC 003325
25
19
35

results). Thus, three HBV genotypes from apes can now
be differentiated. The chimpanzee and gorilla isolates
from Africa are categorized as one genotype, i.e., HBVcpz.
The isolates from the South-East-Asian apes, gibbon
and orang-utan, are categorized into two genotypes, i.e.,
HBVgbn and HBVoru, respectively. These genotypes
diverge by 8%. Within the gibbon genotype, distinct
strains of HBV circulating in geographically separated
populations have been described[24].
Avihepdnaviruses are the most distant relatives of
HBV with a nucleic acid homology of only 40%. WHV
and GSHV as mammalian hepadnaviruses are more
closely related to HBV and differ by only 17%. Complete
WHV and GSHV genomes from GenBank show a high
degree of homology and only one genotype is listed[25-27].
However, using degenerate primers, several variant WHV

519

Crane Hepatitis B Virus
(CHBV)

Pekin duck
Anas domesticus
Grey Teal
Anas gibberifrons gracilis
Heron
Adrea cinerea
Maned Duck
Chenonetta jubata
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Ciconia ciconia
Demoiselle cranes
Anthropoides virgo
Grey crowned cranes
Balearica regulorum

34
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k0 12798
x
x74623

110

Host
Duck Hepatitis B Virus
DHBV
Grey Teal Hepatitis B Virus
(GTHBV)
Heron Hepatitis B Virus
(HHBV)
Maned Duck Hepatitis B Virus
(MDHBV)
Ross Goose Hepatitis Virus
(RGHV)
Snow Goose Hepatitis B Virus
(SGHBV)
Stork Hepatitis B Virus
(STHBV)

11

AF1

AF

49
AY

Table 2 Avihepadnaviruses and their host
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067
m6
af0470
45

Ground Squirrel Hepatitis Virus

[77]

7

Woodchuck Hepatitis Virus

HBV-H

HBV-B

x5856

Woolly Monkey Hepatitis B Virus

HBV-F

HBV-C

[76]

851

Gorilla Hepatitis B Virus

HBV-G

HBV-A

4
AY49

Orangutan Hepatitis B Virus

[75]

Figure 1 Phylogenetic tree of orthohepadnaviruses. Complete genomes
of HBV genotypes A (X02763), B
(D00330), C (M12906), D (V01460), E
(X75657), F (X69798), G (AF160501)
and H (AY090454); HBVcpz (D00220),
HBVoru (NC 002168), and HBVgbn
(U46935) were aligned using clustal w
with orthohepadnavirus genomes from
woolly monkey (AF046996) woodchuck
(J02442), ground squirrel (K02715) and
the tentative member from arctic squirrel
(nc_001719). The alignment was tested
with the neighbour-joining method.

HBVgbn
HBVoru

50

Gibbon Hepatitis B Virus

Man
Homo sapiens sapiens
Chimpanzee
Pan troglodytes
White handed gibbon
Hylobates lar
Orangutan
Pongo pygmaeus
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Woolly monkey
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kennicotti

HBV-E
HBV-D

aj0063
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Ref.

AJ2

Hepatitis B Virus
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Figure 2 Phylogenetic tree of the genus avihepadnavirus.

isolates from wild-captured woodchucks were found that
showed high divergence with sequencing of small parts
of the genome[28]. DHBV has two genotypes, in contrast
to WHV and GSHV, which have a narrow host range and
geographical distribution[25,26], DHBV is found in different
avian species with independent isolates in many countries
www.wjgnet.com
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Table 3 Fundamental properties of genomes and differences
between HBV genotypes
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3212
3215
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Insertion of aa 153 and 154 in HBc

Deletion of aa 1-11 in preS1
Deletion of aa 11 in preS1
Insertion of 12 aa in HBc
Deletion of aa 11 in preS1

D4

Table 4 HBV subgenotypes and geographic prevalence

0.02
Woolly monkey HBV

Figure 3 Phylogenetic tree of complete HBV genomes. An alignment of 601
complete HBV sequences was performed with Clustal X in the program DNAstar.
The alignment was further analysed by boot-strapping using the NeighbourhoodJoining method contained in MEGA version 3.1[104].
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Figure 4 Geographic distribution of HBV genotypes and subgenotypes.
F
[29]

around the world (Figure 4).
Human HBV can be grouped into eight genotypes
(based on more than 8% difference) [7,9-12] . Several
attempts have been made to reconstruct the evolution of
hepadnaviruses[30-34]. Estimating the rate of synonymous
substitutions for HBV to be 4.57 × 10 -5 per site per
year, DHBV has been proposed to have diverged about
30 000 years ago from a common ancestor while GSHV
and WHV should have diverged about 10 000 years ago
from HBV and the HBV serotypes would be separated
by about 3000 years[31]. However, as long as we are not
able to accurately estimate the mutation rate of HBV over
centuries or even millennia, it is not possible to calculate
a time point for the separation of HBV genotypes or
hepadnaviral species.

HBV GENOTYPES AND SUBGENOTYPES
HBV genotypes differ by more than 8%[2,3]. Phylogenetic
analyses using alignments of whole genomes have shown
that 8 genotypes, called A, B, C, D, E, F, G and H, of HBV
www.wjgnet.com
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China)
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Northern China)
Micronesia
Australia
Philippines, Vietnam

D1
D2
D3
D4
D5

Mongolia, Belarus, Europe?
India?
South Africa, East India, Serbia
Australia
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[40,41]
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[4]
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Aa, A’
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A3
(A4)
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[88,89]
[59]
[59]

[7]
[7]
[91,92]

[7]
[93]
[92,94]

can be distinguished[7,11,12,35] (Figure 1). In general, HBV
isolates found in apes diverge similarly to HBV genotypes
in phylogenetic analyses and have been named HBVcpz,
-oru, -gor and -gbn for their host’s, i.e. chimpanzee, orangutan, gorilla and gibbon, respectively (Table 1)[23]. However, as elucidated above, the isolate from gorillas is always
categorized into the chimpanzee clade.
A prototypic HBV genome may have a length of
3215 nt, as found in HBV genotypes B, C, F and H. Due
to deletions and insertions (Table 3), the other HBV
genotypes differ slightly in length of genome (Table 3).
Thus HBV genotype G with 3248 nt. is 66 nt longer than
genotype D with 3182 bp.
Extensive phylogenetic analyses have shown that HBV
genotypes can be further subdivided into subgenotypes
(Table 4). HBV subgenotypes differ by at least 4%[8]. In
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Table 5 Examples for recombination events between of HBV
genotypes
Genotype of
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Figure 5 Schematic genome organisation of recombinants between HBV
genotypes. HBV recombinants were described from materials sampled in A:
Vietnam[99]; B: Tibet[68]; C: Africa[100] and D: Asia[67]. The ORF coding for the HBV
proteins are shown as arrows, the inner circle represents the HBV genome.

genotypes A, B and C, epidemiological data show that the
respective subgenotype pairs A1/A2 (formerly termed
Aa/Ae)[36], B1/B2 (formerly Bj/Ba)[36] and C1/C2 (formerly
Cs/Ce)[37-39] differ substantially in many virological and
probably some clinical parameters. Subgenotypes also
show distinct geographic distribution (Figure 3). However,
this is not true for genotype D with subgenotypes D1, D2
and D3 being described as widespread in the world; e.g.
D3 was found in Asia (East India)[40], South Africa[41] and
Europe (Serbia) (Stanojevic et al, unpublished results).
Except for genotype E and G, all HBV genotypes
can be divided into subgenotypes. The absence of
subgenotypes in HBV genotype E has been assumed to be
the consequence of a recent genesis for genotype E[42-45].
Furthermore, genotype E is not present in Americans of
African origin from Venezuela and Brazil[46,47]. The case
for HBV genotype G appears to be less clear. Genotype G
was originally found in the USA, France[5] and Germany[48].
Later, partial sequencing of HBV genes pointed to
a high prevalence of HBV genotype G in Mexico [49].
Nevertheless, the geographic origin of HBV genotype G
remains unknown[50]. To date only a limited number of
complete HBV genotype G sequences have been deposited
in GenBank that are not classified into subgenotypes.

DOUBLE INFECTIONS AND RECOMBINANTS
Double infections with two different HBV genotypes
have been known since typing was done serologically[51,52].
Subsequently, evidence of super infection with HBV
isolates of the same or different genotype was described in

chronic HBV patients[53]. Super infection was accompanied
by acute exacerbation of the chronic disease. Additional
observations came from patients treated with interferon.
Before treatment, HBV genotype A was prevalent. After
treatment and relapse, a switch of the genotype to HBV
genotype D was described[54,55].
Using different methods for genotyping, several reports
described high rates of double infection with two different
HBV genotypes in all parts of the world. Using these
methods double infections have been found in 4.4%[56],
10.9%[57], 12.5%[58], 14.1% (Kirschberg et al, unpublished
results), 17.3%[59] and 17.5%[60] of HBV infected patients.
Even triple infections with HBV of genotype A, B and C
have been described in 0.9% of HBV infected intravenous
drug users[60].
Infection with HBV of genotype G seems to be
associated very often with an infection of HBV genotype
A[61]. This was found in 4 individuals from the USA and in
one patient from France[62].
Coinfection with two different HBV genotypes in
one patient may lead to an exchange of genetic material
between the two strains. However, with current knowledge
of HBV replication, the mechanism for this supposed
recombination remains enigmatic. No mechanism can
be envisioned that would allow an exchange of genetic
material between two hepadnaviral genomes at the level of
transcription. Nevertheless, numerous authors described
changes in the genome of HBV that appear to be the
consequences of a recombinatorial event (Figure 5 and
Table 5).
Two recent works have comprehensively analysed
the prevalence of events in the HBV genome that are
reminiscent of recombinations [63,64] . About 87% of
the putative recombinants were B/C (120) and A/D
(29) hybrids. The other recombinants comprised A/
B/C, A/C, A/E, A/G, C/D, C/F, C/G, C/U (U for
unknown genotype) and B/C/U hybrids. Genotypes A
and C showed a higher recombination tendency than did
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other genotypes. The results also demonstrated region
priority and breakpoint hot spots in the intergenotype
recombination. Recombination breakpoints were found to
be concentrated mainly in the vicinity of the DR1 region
(nt 1640-1900), the preS1/S2 region (nt 3150-100), the 3’
-end of the Core gene (nt 2330-2450) and the 3’-end of
the Surface gene (nt 650-830)[63,64].
Recombination events between human and chimpanzee [65]or gibbon [63] HBV sequences have also been
described. Discrepant genotyping results from different
parts of the genome are indicative of a recombination
between genotype A and F[66]. Even mosaic genomes with
sequences derived from three different genotypes have
been described[59,64].
Some recombinants among HBV genotypes have
become the dominant subgenotype prevalent in certain
geographic regions. Recombination between genotypes B
and C has led to the generation of two different strains
with distinct geographic distribution[67]. Strains of genotype
B without recombination are found in Japan (subgenotype
B1), whereas strains with recombination between genotype
B and C are found throughout Asia (subgenotype B2),
sparing Japan[67]. Recombinants between HBV genotypes
C and D are the leading HBV subgenotype in Tibet[68-70].
It remains open for discussion whether the observed
exchang es are the consequence of direct g enetic
recombination taking place between two HBV strains
or if they are the consequence of fast adaptation of
HBV to a certain genetic and immunologic environment
in different human populations in the world. The high
replication capacity of HBV with a release of up to 1013
viral particles per day[71,72] and the high error rate of the
viral polymerase, lead to the production of HBV genomes
with all possible single mutations and double mutations of
every nucleotide of the HBV genome every day[72]. Thus,
a fast adaptation of HBV to a new environment is also a
possibility.
A hypothetical mosaicism of the HBV genome has
already been proposed by Bowyer and Sim[73]. This work
and later works described most HBV genotypes as a
modular genome [63] that represents a mixture of small
segments coming from many different HBV genotypes.
If we expand on this observation, the HBV genome may
be made up of a number of allelic modules with different
properties; e.g. different binding sites for transcription
factors or antigenic epitopes. Thus, a certain combination
of these modules would make up an HBV genotype.
The findings of Fischer et al [74]are in support of this
speculation. The authors described genotype specific
activation or repression of HBV enhancer II, preCorepregenomic promoter by the transcription factor COUPTF1.

Conclusion
HBV has been recognised as a prototype member of a
family of viruses infecting mammals and birds. Due to its
high replication capacity and the high error rate of the viral
reverse transcriptase, HBV is able to adapt to the host’s
environment. This adaptation has led to the emergence
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of eight genotypes in humans and three closely related
genotypes in apes. The human genotypes have further
diverged into at least 24 subgenotypes, with certainly many
more to come, and a plethora of recombinants. From the
analysis of recombinants there are indications that at least
one more genotype remains to be detected.
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Abstract
Hepadnaviridae is a family of hepatotropic DNA viruses
that is divided into the genera orthohepadnavirus of
mammals and avihepadnavirus of birds. All members of

this family can cause acute and chronic hepatic infection, which in the case of human hepatitis B virus (HBV)
constitutes a major global health problem. Although our
knowledge about the molecular biology of these highly
liver-specific viruses has profoundly increased in the
last two decades, the mechanisms of attachment and
productive entrance into the differentiated host hepatocytes are still enigmatic. The difficulties in studying
hepadnaviral entry were primarily caused by the lack
of easily accessible in vitro infection systems. Thus, for
more than twenty years, differentiated primary hepatocytes from the respective species were the only in vitro
models for both orthohepadnaviruses (e.g. HBV) and
avihepadnaviruses (e.g. duck hepatitis B virus [DHBV]).
Two important discoveries have been made recently regarding HBV: (1) primary hepatocytes from tree-shrews;
i.e., Tupaia belangeri , can be substituted for primary human hepatocytes, and (2) a human hepatoma cell line
(HepaRG) was established that gains susceptibility for
HBV infection upon induction of differentiation in vitro .
A number of potential HBV receptor candidates have
been described in the past, but none of them have been
confirmed to function as a receptor. For DHBV and probably all other avian hepadnaviruses, carboxypeptidase D
(CPD) has been shown to be indispensable for infection,
although the exact role of this molecule is still under
debate. While still restricted to the use of primary duck
hepatocytes (PDH), investigations performed with DHBV
provided important general concepts on the first steps
of hepadnaviral infection. However, with emerging data
www.wjgnet.com

obtained from the new HBV infection systems, the hope
that DHBV utilizes the same mechanism as HBV only
partially held true. Nevertheless, both HBV and DHBV in
vitro infection systems will help to: (1) functionally dissect the hepadnaviral entry pathways, (2) perform reverse genetics (e.g. test the fitness of escape mutants),
(3) titrate and map neutralizing antibodies, (4) improve
current vaccines to combat acute and chronic infections
of hepatitis B, and (5) develop entry inhibitors for future
clinical applications.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The first step in virus infection is an energy independent
attachment of the infectious particle to an accessible
str ucture exposed at the host cell surface. Primary
attachment, often characterized by low affinity and
reversibility, is usually followed by the passage of the
virion to a more specific receptor, which mediates further
steps of entry. Both initial attachment and specific
receptor recognition often contribute to host specificity
and tissue tropism. For enveloped viruses, receptor
binding is followed by fusion of the virus with either
the plasma or an endosomal membrane. Fusion within
intracellular vesicles is regularly triggered by acidification.
The universal mechanism of membrane fusion requires
conformational changes of virus-encoded fusion proteins
leading to a physical approximation and finally merging of
viral and cellular membranes[1]. A detailed understanding
of receptor binding and membrane fusion is of general
interest for molecular virologists and it also provides the
basis for therapeutics that interfere with the early steps of
infection, as has been successfully accomplished for HIV[2].
HBV and related animal viruses for m the family
hepadnaviridae, which are small, enveloped DNA viruses
that cause acute and chronic liver infection. They are
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divided into the orthohepadnaviruses of mammals and
avihepadnaviruses of birds[3] (see also the review on HBV
taxonomy and genotypes by S. Schaefer in this series).
HBV is a serious global infectious diseases and it is assumed that 2 billion people have had contact with that
virus[4]. The infection can lead to a chronic carrier state in
5%-10% of immunocompetent adults and up to 90% of
infected neonates. Chronic HBV infection is the major
cause of liver cirrhosis and hepatocellular carcinoma in
numerous regions of the world[5]. While the viral life cycle
is still not fully understood, a safe and efficient vaccine has
been developed and sensitive tests for HBV surface protein
(HBsAg) now allow for reliable diagnosis and screening of
blood products. Present therapeutic regimens for HBV address either the host immune system (α-interferon [IFNα])
or inhibit reverse transcription of the viral pregenomic
RNA by nucleoside inhibitors (Lamivudine, Adefovir, Entecavir). The latter provoke the selection of resistant or
even cross-resistant mutants that will become increasingly
problematic to therapeutic control in the future (see also
review “Antiviral therapy and resistance of hepatitis B virus infection“ by H.L. Tillmann in this series).
To overcome these challenges, antiviral substances that
target different replication steps; e.g. inhibitors of viral
entry or improved vaccines that counteract the current escape-mutants, are becoming increasingly important. In the
past, however, the lack of feasible HBV in vitro infection
systems hampered investigations aiming in this direction.
The only immunocompetent in vivo model that could be
used for studies related to the infectivity of the virus was
based on primary human hepatocytes (PHH) and those of
the chimpanzee, which were limited in availability.

ORGANIZATION OF THE HEPADNAVIRAL
ENVELOPE
A hallmark of hepadnaviral infection is the constitutive
secretion of nucleocapsid-free subviral particles (SVP),
mainly composed of the hepadnaviral envelope proteins
(large and small in the case of DHBV and large, middle,
and small for HBV). HBV-SVPs exist as 22 nm spheres
or filaments of the same diameter but variable in
length. The HB virions appear in electron microscopy
after negative staining as spheres of 45 nm. Virions
and SVP contain variable proportions of the three cocarboxyterminal surface (glyco)-proteins; i.e., the large
(LHBs), middle (MHBs) and small (SHBs) surface proteins
(Figure 1). The SHBs protein is the major component
of the virion envelope and the subviral HBsAg particles,
while virions and filaments contain more LHB proteins
than spheres [6] . In contrast DHBV and DHBV-SVPs
are similar in size and shape (55-60 nm)[7] and contain a
similar ratio of both envelope proteins (L:S = 1:5). In
addition DHBV incorporates a processed version of the
DHBs protein consisting of only the two N-terminal
transmembrane domains of S and are therefore called
St[8]. The hepadnaviral surface proteins are products of
a single open reading frame and distinguished by three
(HBV) or two (DHBV) domains. HBV comprises: preS1
(108 or 119 aa depending on the genotype) only in LHBs,
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Figure 1 Schematic presentation of human (HBV) and duck (DHBV) hepatitis B
virus. The viral DNA is drawn as a single or double line. The viral polymerase is
depicted with the primer domain (pr) and the reverse transcription domain (RT).
The nucleocapsid (core or HBc/DHBc) is shown in black. Reported encapsidated
cellular proteins are omitted. For HBV the surface proteins L, M and S are shown
with the S-domain, the preS2-domain and the preS1-domain, whereas for DHBV,
L- and S-surface proteins with preS and S-domain are depicted. St, truncated form
of DHBV S-surface protein. Non-infectious subviral particles of HBV are shown in
filamentous and spherical form and in larger spheroids in the case of DHBV.

preS2 (55 aa) in LHBs and MHBs, and S (226 aa) common
to all three HBs proteins (Figure 2A). All three proteins
bear within the S-domain a potential N-glycosylation site
(NG) at Asn-146, which is only partially utilised. The
second N-glycosylation site at Asn-4 in the preS2-domain
is modified in MHBs but not in LHBs[6]. In addition to
N-glycans, the preS2 domain of most orthohepadnaviruses
contains O-glycans[9]. The preS2 domain of both LHBs
and MHBs contains a single mucin-type O-glycan (OG)
at Thr-37 in genotypes B-H. O-glycans are absent in
genotype A, because the O-glycosylation site at Thr-37
is exchanged to Asp in genotype A for an unknown
reason[10]. Although potential N- and O-glycosylation sites
within the preS1 domain are present, none of them are
used due to the cytoplasmic exposition of preS1 during
synthesis. In contrast, the two DHBV envelope proteins L
(preS+S) and S remain unglycosylated during secretion, but
DHBV-L becomes phosphorylated[11] (for more details see
review “Avian hepatitis B viruses: molecular and cellular
biology, phylogenesis and host tropism” by Funk et al in
this series). The N-termini of probably all hepadnaviral
L-proteins contain recognition sequences that lead to
myristoylation at Gly-2[12] while, at least in HBV, more
carboxyterminal parts serve as envelopment signals for
cytoplasmic core particles[13,14]. Several lines of evidence
indicate that hepadnaviral L-proteins adopt dual topologies
with half of their preS-domains located inside the particle,
www.wjgnet.com
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Figure 2 Surface proteins of HBV and DHBV. (A) Schematic organisation of the three surface proteins of HBV and the two surface proteins of DHBV. For HBV, used N- and
O-glycosylation sites (NG and OG) are shown, (parenthesis indicate partial glycosylation). DHBV surface proteins are non-glycosylated, but the L-protein is phosphorylated
at position 118 within its preS-domain. The L-protein of HBV and DHBV is myristoylated (Myr) at Gly-2 of the N-terminus of preS1 or preS, respectively. In case of HBV the
preS1-domain encodes for 108 or 119 amino acids, depending on the genotype. The preS2-domain of MHBs is N-terminally acetylated (Ac) and is 55 amino acids long,
while a preS2-domain and therefore a special M-protein is missing in DHBV. (B) Schematic presentation of preS-domains of HBV and DHBV important for virion formation
and viral entry. The host-determining regions are depicted in green. The potential receptor binding site within the preS1-domain of HBV is shown with the essential domain
(aa 9-18) and the two accessory domains (aa 28-39 and 39-48, respectively). For DHBV, the carboxypeptidase D (dCPD) binding site is depicted with the essential and
stabilizing domains. Alpha helical domains are shown in blue (α). Reported trans-location motives (TLM) are marked in boxes. In DHBV preS, two TLMs are predicted (TLM1
and TLM2). TLM1 overlaps with the host-determining region, while TLM2 is located within the stabilizing sequence of the dCPD receptor binding site. In the case of HBV,
the carboxyterminus of the 55 aa long preS2-domain was reported to contain a single TLM. The numbering of HBV preS1 is for genotype D (108 aa). P, phosphorylation
site; OG, O-glycosylation; myr, myristoylation.

while the other half is located on the outside[15-18]. Virions
and SVP particles bud to a lumen of a post-ER, pre-Golgi
intermediate compartment. Therefore the particles contain
lipids derived from intracellular compartments, rather
than from the plasma membrane. The SHBs subunits of
HBV and the subviral particles in the blood are highly
cross-linked by disulfide-bonds and do not disassemble
in the presence of detergents, unless the disulfide bonds
are opened. Interestingly, this tight network of disulfide
bridges is not found in DHBV particles. Those can
easily be solubilised in mild detergents and both types of
surface proteins do not form heterodimeric complexes
(unpublished results).

CELL CULTURE SYSTEMS FOR VIRUS
PRODUCTION AND ENTRY ANALYSIS
It is known that after artificial delivery of replication
www.wjgnet.com

competent DNA constructs, later steps of the viral
life cycle are not rigidly host-restricted. Transfection
of hepatoma cell lines[19-21] or mouse liver cells [22] with
replication-competent HBV/DHBV genomes results in
the production and secretion of infectious virions. The
same holds true for HBV transgenic mice[23]. Furthermore,
lipofection of mature core particles, isolated from serumderived virions into non-permissive hepatoma cells resulted
in a full replication cycle of HBV[24]. This suggests that
species-specificity of infection is determined at an early
step; e.g. viral attachment, entry or fusion. Interestingly,
productive infection not only depends on the species origin
but also on the state of differentiation of the same cell
line. This has been impressively demonstrated in HepaRG
cells, which gain susceptibility towards HBV infection only
several weeks after induction of differentiation[25]. In case
of primary tupaia, human or duck hepatocyte cultures,
susceptibility is achieved about one day after attachment
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of the perfused and already differentiated hepatocytes,
but is lost during prolonged culturing. Since binding and
virus accumulation in HepaRG cells is similar in both,
differentiated and undifferentiated cells (unpublished data)
the restriction may not be caused by the bare presence or
absence of a host entry molecule but might be complicated
due to the polarisation state of the differentiated cell.

PRIMARY HEPATOCYTE CULTURES AND
RELIABLE MARKERS FOR INFECTION
For many years, cultures of primary human hepatocytes
(PHH), obtained by immediate perfusion of liver pieces
after surgical resection, were the only cells to study viral infectivity[26]. PHH are not easy to handle, cannot be
propagated in vitro and need particular growth factors for
maintenance of their differentiated state[27]. Moreover, the
efficiency of HBV infection of PHH in vitro was reported
to be low leading to only a few percent of cells being infected and a negligible spread within the cell culture. Thus,
virus amplification is not achievable. This can be counteracted to some extent by the addition of dimethylsulfoxide
(DMSO) during cultivation and the use of 4% polyethylene glycol (PEG) during infection[28-31]. In contrast, infection of PDH with DHBV leads to a spread of infection to
virtually every cell in the culture even when very low initial
virus titers were supplied. A major drawback of PHH is
their limited availability and the heterogeneity in quality
with different liver cell preparations resulting in varying
susceptibilities towards HBV infection. Furthermore, susceptibility is limited during culture (5-7 d) when DMSO
or hydrocortisone is omitted[26,29,30]. Fortunately, primary
hepatocyte cultures from Tupaia belangeri (PTH) can be
infected with HBV as efficiently as PHH cultures of good
quality. In contrast to PHH, PTH can also be infected with
a primate hepadnavirus from woolly monkey (WMHBV)[32].
Nevertheless, the host range of PTH is restricted to human and primate HBV, since productive infection with rodent hepatitis B virus (woodchuck hepatitis B virus, WHV)
is not possible[32].
Hepadnaviruses are non-cytopathic and do not induce
conspicuous morphological changes of infected cells.
Thus, detection and quantification of infectious virions
cannot be achieved by simple virological methods; e.g.
plaque test. In general, verification of in vitro HBV/DHBV
infection should be done by quantification of different
markers of an established HBV infection. Conversion of
the relaxed circular (rc) DNA genomes of the incoming
virus to covalently closed circular (ccc) DNA within the
nucleus of an infected hepatocyte is the first marker of
a productive HBV/DHBV infection, but is difficult to
detect. The amount of cccDNA in just newly infected
hepatocytes is very small compared to the large amounts
of viral input DNA (as rcDNA), usually needed for
efficient in vitro infection. Furthermore, DNA-containing
particles are also taken up by cells that are not susceptible
to infection. This is especially problematic when using
embryonic duck hepatocyte preparations because they
contain a high percentage of non-parenchymal cells
(e.g. antigen-presenting liver sinusoidal endothelial
cells). However, quantitative real-time PCR protocols
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are available that amplify specifically cccDNA, but not
rcDNA. With these protocols, specific detection of small
amounts of cccDNA is possible, even in the presence of
a large excess of rcDNA within infected hepatocytes[24,33].
Verification of specific HBV infection can also be
achieved by detection of viral mRNA extracted from cells
by either Northern Blot hybridisation or quantitative RTPCR, usually resulting in higher sensitivity. Less demanding
is the detection of secreted viral antigens; i.e., HBeAg or
HBsAg, 9-12 d post infection, which could be done by
commercially available ELISAs[33,34]. Especially when using
enriched or highly purified viral inocula, HBeAg should
be the marker of choice, since it is not present in the viral
input, in contrast to HBsAg. However, since HBsAg can
be detected with higher sensitivity than HBeAg it can be
used as a marker, provided that several medium exchanges
have been performed prior to the measurement, optimally
between day 9-12[33,35]. This is necessary to get rid of input
HBsAg, which is released from cells even after removal
of the inoculum. There are several reports of alleged
infections that determine HBsAg 2 d post infection in
the supernatant spuriously assuming that this is progeny
viral antigen[36,37]. Using optimized methods, the current
detection limit in the PTH-system for purified HBV from
human plasma is one HBV particle per hepatocyte in
culture plates with 105 cells[33,34]. Addition of PEG and
DMSO during infection is not necessary to achieve optimal
infectivity in PTH [38], as was reported to be beneficial
to increase HBV infection of PHH [26,29] . Therefore,
Tupaia belangeri represent a valuable tool to overcome the
restrictions associated with PHH .

HEPATIC CELL LINES
To become independent in the utilization of primary
hepatocyte cultures, many groups explored the potentiality
of human hepatoma cell lines for infection experiments.
HepG2 cells were employed extensively for binding and
infection experiments. HepG2-cells exhibit some features
of differentiated liver parenchymal cells; e.g. expression
of serum albumin[39], and are successfully used for the
production of virions after stable or transient transfection
of HBV DNA[19,40]. Several studies reported specific binding and uptake of HBV by HepG2 cells[41-46], however, no
productive infection was observed by these researchers. In
contrast, Bchini et al[47] and Paran et al[48] reported successful detection of viral antigens upon infection of HepG2
cells that were cultivated with, inter alia, DMSO and
5-aza-2´-deoxycytidine. Unfortunately, these results could
not be reproduced by others. In order to search for an
explanation for the refractoriness of HepG2 cells towards
HBV, Qiao et al[43] supposed an inability of the incoming
HBV core particles to reach the nucleus, while overexpression of serine protease inhibitor Kazal (SPIK) was
suggested by another group[49]. The discovery that the addition of 2% DMSO into the culture medium of primary
rat hepatocytes upholds their differentiated state through
maintenance of hepatocyte specific detoxification enzymes
(e.g. cytochrome P450) was a milestone for hepatic pharmacology[50]. Since hepadnaviral infection depends on the
differentiated state of the hepatocyte, this method was
www.wjgnet.com

26

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

January 7, 2007

Volume 13

Number 1

Table 1 Described binding partners for HBV preS1-domain. Numbering of aminoacids (aa) are given for HBV genotype D
Domain

aa

Described interaction partners/binding factors for HBV

preS1

10-36

Hepatoma cells bind to preS1 peptide. Inhibition by peptide-antisera

[41]

19-25

Binding of recombinant subviral particles containing preS1 to human liver. Inhibition by anti-preS1 aa19-25

[142]

10-36

PreS1-peptide binding not limited to liver cells, also on extrahepatic sites

[143]

10-36

Partial homology of preS1 aa10-36 with IgA. HBV entry via IgA-binding receptor?

[144]

18-25

PreS1 aa18-25 crossreact with IgA alpha-1 chain, IgA and HBV use related receptors?

[145]

10-36

PreS1 aa10-36 binding to 31 kDa protein on HepG2 cells

[146]

10-36

PreS1-peptide aa10-36 binds to Interleukin 6 (IL6) but not IL3, IL5 and IL7

[147]

10-36

CHO cells transfected with IL6 cDNA acquire binding sites for preS1 peptide aa10-36

[148]

10-36

Isolation of 44 kDa protein (HBV-BP) from HepG2 plasma membranes. Homology to SCCA1, human squamous
cell carcinoma antigen 1 (human serpin)

[46]

preS1-GST

Isolation of p80 binding protein from human hepatocytes. Needs preS1 aa12-20/82-90 for binding. p80 binding
also to rat hepatocytes

[149]

preS1

Anti-idiotypic antisera of antibody inhibiting binding of HBV to HepG2. 35kDa protein homology to
Glycerinaldehyde-3-phoshate-dehydrgenase (GAPD)

preS1/
preS2

50 kDa serum glycoprotein interferes with binding of preS1 and preS2 mabs. Soluble form of plasma membrane
Protein on human hepatocytes

[152]

preS1

Yeast two-hybrid assay I: preS1 domain and human liver cDNA library. Isolation of two unknown proteins.

[153]

preS1

Yeast two-hybrid assay II: preS1 domain and human liver cDNA library. Isolation of cytoplasmic "nascent
polypeptide-associated complex alpha polypeptide" (NACA)

[154]

HBV particles

Asialoglycoproteinreceptor (ASGPR)Ⅰ: preS1-but not preS2-mabs inhibited binding of HBV to ASGPR. SHBs
did not bind to ASGPR

[44]

HBV particles

Asialoglycoproteinreceptor (ASGPR) Ⅱ: HBV uptake by HepG2 and HuH7 (ASGPR+), but not CHO (ASGPR-)

[45]

HBV particles

Asialoglycoproteinreceptor (ASGPR) Ⅲ: Desialylated HBV only binds to HepG2. Uptake only by susceptible
primary human hepatocytes

[155]

HBV particles

Asialoglycoproteinreceptor (ASGPR) Ⅳ: Increased HBV uptake by HepG2 after desialyation results in HBV infection

[156]

also successfully used for HBV and DHBV infection after
preparation of human and duck hepatocytes[26,29,51]. While
the method of induced HBV-susceptibility of long-term
DMSO-treated hepatoma cell lines was not successful in
established hepatoma cell lines (e.g. HepG2 or HuH7), evidence for this principle has been shown for a new hepatoma cell line (HepaRG). This cell line, established from a
liver tumour of a female patient suffering from hepatocarcinoma and chronic hepatitis C infection, was shown
to become susceptible to HBV and HDV infection upon
treatment with DMSO and hydrocortisone[25,52]. The necessity of long term induction of HepaRG differentiation by
DMSO and hydrocortisone prior to infection is time consuming, however, it provides the opportunity to decipher
cellular determinants of hepatocyte differentiation and
their influence on HBV infection for the first time.
In summary, the optimal system for the study of
hepadnaviral attachment and entry in vitro are primary
hepatocyte cultures of Pekin ducks and humans, the latter
being very limited in supply and heterogeneous in quality
and susceptibility to HBV. Primary hepatocyte cultures
from Tupaia belangeri and the newly established HepaRG
cells can overcome these limitations and provide a nearly
unlimited supply of HBV-susceptible hepatic cells for
various experimental settings.

CELLULAR AND VIRAL BINDING FACTORS
CRUCIAL FOR HBV INFECTIVITY
During the last 25 years, numerous reports on a variety
of possible cellular HBV binding partners, involving all
three HBV surface proteins, have been published (Tables
www.wjgnet.com

Ref.

[150,151]

1 and 2). Many researchers tried to isolate HBV binding
components from plasma membranes of either primary
human hepatocytes or established hepatic cell lines (e.g.
HepG2) with the help of HBV-peptides or complete
(subviral-) particles. In contrast to the DHBV-model
discussed later in this review, none of these potential
HBV-binding factors has ever been convincingly shown to
be essential in HBV entry[53].

FUNCTION OF THE PreS1 DOMAIN
In 1986, Neurath et al[41] reported that a synthetic preS1
peptide, comprising amino acids 21-47 and corresponding
to amino acids 10-36 in genotype D, E and G binds
HepG2 cells and also inhibits HBV binding to this cell
line. Furthermore, antibodies directed against this peptide
compete with binding of HBV particles to HepG2 cells.
They could, however, not show the relevance of their
findings for the infection process. These early data were
consistent with functional studies of Le Seyec et al [54],
demonstrating that preS1 amino acids 3-77 of the HBV
L-protein are essential for infectivity. In two independent
studies, it was further shown that acylation of glycine
2 of preS1 with myristic acid is necessary for efficient
hepadnaviral infection [55,56] . Interestingly, a synthetic
peptide representing this essential 77 preS1-amino acids,
including the N-terminal myristic acid moiety, was able to
block HBV infection when added to the medium during
infection[25]. Similarly, DHBV infection was sensitive against
N-terminal preS-peptides DHBVpreS2-41. Surprisingly
the inhibitory activity could be drastically increased by
N-terminal myristoylation[57]. The effect of myristoylation
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Table 2 Described binding partners for HBV preS2 and S-domains
Domain

aa

preS2

S

Described interaction partners/binding factors for HBV

Ref.

Binds to polymerised human serum albumin (pHSA). pHSA has affinity to hepatocytes

[157]

Preincubation of human liver membranes with pHSA induced binding of rec. HBsAg/preS2

[158]

Natural pHSA only present in minor amount in serum

[159]

3-16

Natural monomeric HSA binds to preS2 domain aa 3-16

[160]

3-16

Binding site for pHSA

[161]

2-24

Polyclonal antisera against preS2 peptide (2-24) neutralised HBV infection of chimpanzees

[71]

14-32

Immunisation of chimpanzees with preS2 peptide (14-32) protected against infection

[162]

3-16

PreS2 antisera against aa 3-16 inhibited infection completely, others only partially

[33]

Human apolipoprotein H (apo H) binds to small surface protein (SHBs)

[163,164]

SHBs binds endonexin Ⅱ, now called annexin V

[165]

Overexpression of annexin V in rat hepatoma cells supported HBV-infection

[166]

Yeast-derived SHBs alone did not bind to HBV-susceptible hepatocytes

[34]

on the inhibitory potential of preS1 lipopeptides for
human HBV [25] was also shown using PTHs [34] , and
HepaRG cells[58] confirming the fact that myristoylation of
the preS-domain of hepadnaviral L-proteins is essential for
infectivity, but also indicating that this modification seems
to play a role in the context of extracellular inhibition by
a peptide. Furthermore, it turned out that the inhibitory
activity of the preS1 lipopeptides is dependent on the
hydrophobicity of the N-terminal acyl residues. Stepwise
increased inhibitory potential of the lipopeptides could be
achieved by increasing the chain length from C5 (pentanoyl)
to C14 (myristoyl), C16 (palmitoyl) and C18 (stearoyl)[34,58].
The role of the N-terminal myristoylation of preS1
during attachment and entry of HBV is still unclear. One
explanation might be that the interaction of preS1 and its
receptor might be enhanced by an insertion of myristic
acid into the membranes or the receptor. Exposure of a
myristoylated peptide or protein (“myristoyl-switch”) after
attachment is a known element of viral entry mechanisms
for some nonenveloped viruses, such as picornaviruses[59]
and reoviruses[60].
Using a set of myristoylated HBV preS1 peptides of
variable length, the attachment site of HBV was further
narrowed down[34]. The data obtained using PTH suggest
that: (1) residues containing the first 8 amino acids of preS1
(19 in genotype A) are dispensable, (2) residues in aa 9-18
are essential, (3) residues within aa 19-28 are dispensable,
whereas iv) residues of aa 29-48 enhance infection inhibition (Figure 2B). Similar results were obtained in HepaRG
cells and PHH in the presence or absence of PEG [58].
Introducing an E. coli-based expression system for the
production of myristoylated preS-fusion proteins, Engelke
et al[35] verified that region 9-18 is essential for virion infectivity and identified single amino acids (aa 11, 12, 13 for
geno-type D) within this region that are crucial for infection inhibition. Recombinant HBV particles carrying the
same point mutations are not infectious. Interestingly, hepatitis delta virus (HDV), an RNA virus that replicates in
HBV infected hepatocytes and packages its ribonucleoprotein into the HBV envelope (for a recent review see[61]) can
be inhibited by acylated HBV preS-derived peptides with
the same specificity[35]. Thus HDV uses at least one com-

mon step for entering hepatocytes and is therefore also
suitable to study HBV entry events. Surprisingly, HBVpreS1 lipopeptides containing amino acids between aa 49
until aa 78 (the region that has been shown to be important for infectivity of virions[54]) did not further increase
but weakened infection inhibition[34,58]. Thus this part of
the L-protein may play a role in a different step of infection process. Segment 9-18 is highly conserved with only 3
exchanges in 330 positions of the eleven HBV-genotypes,
while in the other segments of 10 aa between aa 1 and 48
there are 4-8 times more exchanges. The unexpected finding that internal deletions of the preS1 sequence 20-27,
containing the epitope of the neutralizing monoclonal
antibody (mab) MA18/7[6,62]. within lipopeptides 2-48, did
not drastically affect infection-inhibition. PreS1-region
20-48 was speculated to contain major B-cell epitopes[63].
Indeed, mab KR359 neutralized HBV infectivity for PHH
and binds to aa 19-26 [64], whereas another neutralizing
mab KR127 binds to aa 37-45. Furthermore, humanised
mab KR127 inhibited HBV infection in chimpanzees[65].
Obviously, the binding of mabs to these epitopes hinders
the attachment although the essential sequence element
needed for infection is elsewhere. While the behaviour
of the inhibitory preS1-peptides was very similar in the
Tupaia system[34] and PHH/HepaRG cells[58] one point was
worth mentioning: the preS1 sequence 20-27 was necessary for full inhibitory potency of the preS1 (2-48) peptide
in HepaRG cells. A possible explanation might be that
the receptor molecule(s) on Tupaia hepatocytes has binding sites for aa 9-18 and 28-48 comparable to the human
receptor(s) but differs with the human binding site at aa
20-27. In a similar approach, Barrera et al[66] reported that
the preS1-region involved in infection-inhibition of HDV
spans residues 5-20 of preS1. However, they needed much
higher concentrations of myristoylated preS1 peptides for
inhibition in their study (> 5 µmol/L) than in the HBV
studies using PTH [34], PHH (< 1 nmol/L) [58] and HepaRG[35]. However this discrepancy might be related to the
peptide preparation the authors used, since myristoylated
recombinant preS1-proteins obtained from a baculovirus
expression system had much higher and comparable specific activities.
www.wjgnet.com
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The remarkable potency of infection-interference,
using acylated preS1-peptide 2-48 at (sub-) nanomolar
concentrations, was demonstrated by the kinetics of
the peptides using both PTH and HepaRG cells. Even
short preincubation periods (30 min) of peptides (100
nmol/L) with the cells are sufficient to block subsequent
infection and to induce non-susceptibility of the cells for
hours[34,58]. Interestingly, infection could also be blocked
by myristoylated peptides (100 nmol/L) after attachment
of the viral inoculum at 4℃ had occurred [34] . These
experiments supported the assumption that the peptides
inhibited infection through binding to the hepatocytes
(there possibly addressing a specific receptor), rather than
with the virus, although we can presently not exclude
the possibility that the peptide might address virions at
a specific site on the cell. Using immunohistochemistry,
we could demonstrate specific binding of HBV preS1
2-48 peptides to PTH, but not to primary rat hepatocytes
or other hepatoma cell lines, such as mouse AML12[34].
The binding was considerably increased when using
the respective acylated variants. The binding of the
myristoylated HBV-preS-peptides could also prevent
binding of highly purified HBV preS1-containing subviral
particles, whereas preincubation with myristoylated preS
peptides from avian hepadnaviruses did not[34]. However,
inhibition of binding required micromolar concentrations
of peptides, rather than nanomolar concentrations needed
for inhibition of infection[34]. This discrepancy suggested
presence of a more abundant low-affinity receptor for
HBV on hepatocytes.
This low affinity receptor might be a sulphated
glycan, because interaction of HBV and PHH is inhibited
by heparin [67]. Furthermore, HBV binds to heparin in
vitro and could be purified from the plasma of HBVinfected patients by heparin-sepharose columns [68] .
Unfortunately, these reports could not clarify the relevance
of this interaction for infection. Recently, we could
show that HBV infection could be specifically blocked
by preincubation of purified virus with heparin, or by
treatment of PTH and HepaRG cells with heparinase
(unpublished data). Since heparan sulphate proteoglycanes
(HSPGs) are enriched in the liver within the space of
Dissé, one may speculate that HBV is trapped by liverspecific HSPGs, serving as low-affinity receptors similar to
the interaction and entry of apolipoprotein E lipoprotein
remnants by liver HSPGs[69]. Specific entry of the virus
may subsequently require passage to a yet undefined high
affinity receptor(s), which can be blocked by the acylated
preS1-derived peptides.

FUNCTION OF THE PreS2 DOMAIN
The M protein of HBV is not essential for infectivity[70],
although antibodies against the N-ter minal part of
preS2 inhibited almost completely HBV infection
in PTH cultures [33]. Similar results were reported for
polyclonal antisera against HBV preS2 peptides (residue
1-24) in vivo [71]. The preS2-domain is present in both
M- and L-protein (Figure 2A). However, due to the
cytosolic orientation of the preS-domain in L-protein,
N-glycosylation at Asn-4 of the preS2-domain occurs
www.wjgnet.com
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only in the M-protein[16,72]. In accordance with this, one
of several preS2-antibodies (Q19/10), recognizing aa
1-6 in a glycan dependent manner, strongly bound to
the N-terminal part of preS2, but showed the lowest
neutralisation potential of all preS2-mabs used in the
study [33] . Possibly, the preferential binding of mab
Q19/10 to the preS2-domain of MHBs is responsible
for the strongly reduced neutralisation potential, which
is in agreement with the dispensability of MHBs for
infectivity [70]. Furthermore, the HBV M-protein is not
essential for infectivity of hepatitis delta virus[73]. A direct
role of the N-terminal part of preS2 domain of L-protein
for infectivity is still under debate. The carboxyterminal
part contains a cell permeable translocation motf (TLM),
which was sug gested to be involved in HBV entr y
(Figure 2B)[74]. However, recombinant HBV variants with
disturbed or lacking TLM sequence within the preS2
domain of LHBs are still infectious in PHH cultures[75].
The dispensability of the TLM sequence during the entry
process of HBV was also detected using the hepatitis
delta virus system that uses HBV surface proteins for viral
entry. The infectivity of recombinant hepatitis delta virus,
containing only the large and small HBV surface proteins,
was not affected by the absence or presence of a TLMsequence within the preS2-domain of the LHBs (Sureau
et al, Taylor et al, personal communication).

FUNCTION OF THE S-DOMAIN
The observation that binding of HBV surface proteins
to PTH cultures could be inhibited specifically by
myristoylated preS1 pe ptides [34] argues ag ainst a
predominant role of the S-domain in initial binding to
hepatocytes. PreS1-rich subviral particles from human
plasma bound specifically to more than 70% of cultured
primary hepatocytes[33,34], while subviral particles containing
only S-protein, did not [34] . Addition of the preS1sequence 2-48 to the S-domain of these particles restored
the binding to PTH up to wild-type levels[34]. The main
function of the S-domain is morphogenesis, but it contains
several elements that participate in entry. The main point
is that antibodies against the S-domain (as generated by
current S-containing vaccines) could neutralise infection in
vivo and in vitro[33,76-78]. Furthermore, the presence of escapemutants in HBV-infected patients positive for anti-HBs[79,80]
demonstrates the importance of the antigenic domain
(residue 100-170) of SHBs for viral spread in vivo. Since
the S-domain does not contribute directly to binding, the
question arises how these antibodies are able to neutralize
infection. The S-domain contains 8 Cys residues within
the antigenic loop that form inter- and intramolecular
disulfide bonds[81,82], resulting in high molecular weight
multiprotein complexes[83], while the preS-domain does
not contain Cys and forms linear epitopes. We found
that a mab recognizing a conformational S-epitope could
completely neutralise infection of PTH, while a mab
recognising a linear S-epitope failed to inhibit infection
completely (90% inhibition)[33]. Therefore, distinct amino
acids within the correctly folded antigenic loop of the
S-domain might be essential for the uptake process of
HBV leading to productive infection. Support for this
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assumption comes from infection experiments with
HDV, carrying mutant HBV S-proteins in their envelopes.
Although short internal deletions, within the antigenic
loop of the S-domain (residues 104 to 163), had no effect
on HDV morphogenesis, virions with S-deletions between
residues 118 and 129 showed reduced infectivity on PHH
and HepaRG cells. Single amino acid exchanges within this
domain revealed a sequence 119 to 124 (GPCRTC) to be
most important for infectivity[52]. This domain contains
a CXXC-motive, known to be the active site in proteindisulfide isomerase and related enzymes, involved in
catalyzing disulfide-bridge exchanges. In murine leukaemia
virus surface proteins, the receptor-binding subunit (SU)
domain contains a CXXC motive that is activated after
receptor-binding of the envelope transmembrane (TM)
subunit. This leads to isomerisation of SU-TM disulfidebonds and fusion-activation within the TM subunit[84,85].
Whether a CXXC-motive is actively involved in fusion in
the case of HDV or HBV, or whether this region binds to
a (co)-receptor, is currently unclear.
A clear function in entry can be ascribed to the
first transmembrane sequence of the S-domain. It
has sequence similarity to type 1 fusion peptides and
replacement of the corresponding sequence in influenza
virus hemagglutinin with HBV transmembrane sequences
confers hemifusion activity of the resulting chimeric
influenza virus hemagglutinin[86]. As recently proven for
DHBV only the S-domain of the L-protein but not the
S-protein itself provides the function of fusion[87]. This
observation suggests that the topology of the S-domain in
L-protein is different from that of the S-protein. For HBV,
this difference is also recognizable in the glycosylation
pattern. 50% of SHBs, 30% of MHBs, but 90% of LHBs
are N-glycosylated in the S-domain[6].

EARLY EVENTS IN DHBV INFECTION
For more than 20 years, the duck hepatitis B virus model
system was successfully used to study hepadnaviral
replication. Until recently, one of the exclusive advantages
of this system was the possibility to systematically
investigate the early events of infection. Even though
difficult, a routine preparation of PDH from newly
hatched Pekin ducklings, or embryonic hepatocytes from
fertilized eggs, has been successfully established in many
laboratories to perform in vitro infection and infection
inhibition studies [51,88]. Guided by the supposition that
insights into the DHBV entry process also illuminate
the HBV early infection events, a series of studies have
been performed, however, only some of them provided
satisfactory answers so far. In the following pages we
would like to concentrate on the following major issues:
(1) What are the roles of the two multifunctional viral
envelope proteins, L and S, in entering the hepatocyte
and which of their subdomains are involved? (2) Which
cellular components have been described to be functionally
implicated in these processes? (3) How and where does
fusion of the viral and cellular membranes occur and
which part of the viral envelope protein acts as a fusion
promoter? (4) Which endocytic route is mandatory for
the virus in order to productively deliver its nucleocapsid
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to the nucleus? (5) What determines host specificity of
avian hepadnaviruses? (6) Why is the susceptibility of
cells towards DHBV infection restricted to differentiated,
resting hepatocytes? (7) Finally, taking into account the
first functional insights into the HBV entry processes using
the recently established in vitro systems (HepaRG cells and
PTH), we would like to critically scrutinize the question
whether there is justified hope that further insights into
the DHBV entry processes are relevant for HBV, especially
regarding the development of inhibitors for infection.

THE ROLE OF THE DIFFERENT ENVELOPE
PROTEINS IN DHBV ENTRY
Soon after the discovery of DHBV and the possibility
of replicating the virus in vitro using PDH[89,90], several
g r o up s ch a r a cter iz ed DH BV str uctur a l p roteins
biochemically and immunologically, including those
that constitute the membranous envelope [91,92] . One
approach was the recombinant expression of DHBVpreS fusion proteins to generate antisera. These sera
detected two unglycosylated 35 and 37 kDa envelope
proteins (the L-protein and its phosphorylated form),
co-immunopreciptitated a 17 kDa protein under native
conditions (which was identified as the DHBV S-protein
by microsequencing) and were able to neutralize DHBV
infection in vitro[92,93]. Further investigations concentrating
on posttranslational modifications of L- and S-proteins
and the possible functional implications for DHBV
replication revealed, that the N-terminal Glycin-2 of
the preS-domain of the DHBV L-protein becomes
myristoylated during protein synthesis (Figure 2A)[94]. In
addition to myristoylation the DHBV L-protein becomes
partially phosphorylated preferentially at Serin 118 in
its preS-domain (Figure 2B)[11,95,96]. Both modifications
are not required for assembly and secretion of virions.
However, while mutations in the phosphorylation sites
did not interfere with infectivity of DHBV in vitro and
in vivo [97] the prevention of myristoylation resulted in
a loss of infectivity of the mutant in ducklings and a
drastically reduced potential to infect PDH in vitro[94], (our
unpublished results). These findings indicate that at least
parts of the DHBV-preS domain, including its N-terminal
modification by myristic acid, are involved in virus entry.
Functional epitope mapping of mouse mabs obtained
after immunization with DHBV particles or recombinant
proteins supported this idea[93,98-104]. Three epitopes within
the preS domain recognized by neutralizing antibodies
were characterized, the first one covering a central part
including amino acids 82-109, the second one including a
more N-terminal part, amino acids 12-30, and a third part
between amino acids 123-137.
The first direct evidence for the participation of the
preS-domain of the DHBV L-protein for virus entry
came from infection competition experiments using
recombinant SVPs composed of only the DHBV L- or
DHBV S-protein. These particles were purified from
yeast and displayed significant differences in their ability
to compete with DHBV infection of PDH with only
the L-particles being active[105]. The investigators further
showed that only the preS/S-containing particles bind
www.wjgnet.com
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hepatocytes, supporting the view that the preS-domain
as a part of DHBV L plays a pivotal role in attachment
and infection of hepatocytes. Following this experimental
strategy, Urban et al demonstrated that E. coli-derived preSpolypeptides, devoid of both the N-terminal myristoyl
moiety and the hydrophobic TM-containing S-domain,
specifically inhibit DHBV infection in vitro with IC50s of
about 800 nmol/L. Using a set of terminal and internal
deletion mutants it became evident that an uninterrupted
innermost preS-domain (amino acids 30-115), including
epitopes recognized by neutralizing antibodies, is required
for infection inhibition. Since the preS-polypeptide
derived from the heron hepatitis B virus (HHBV) also
competed with DHBV infection (despite an amino acid
variation of 50%), it was evident that the addressed step
cannot be responsible for the observed species specificity
(see below) between these two avian hepadnaviruses.
The striking correlation of the infection competition
activity of DHBV-preS polypeptides with their ability
to bind duck carboxypeptidase D (including the binding
of HHBV preS to dCPD) sug gested that it is this
molecule which is addressed and inactivated at the surface
of hepatocytes [106,107] . Interestingly a second peptide,
consisting of the N-terminal 41 amino acids DHBV preS,
devoid of CPD-binding and requiring myristoylation of
Gly-2 for efficient inhibitory activity (IC50 = 200 nmol/L),
was identified subsequently[57]. Pre-incubation experiments
showed that the peptide addresses a cellular component.
Antibodies raised against this peptide and recognizing
amino acids 12-23 were able to efficiently block DHBV
infection and immunoprecipitate particles indicating that
this N-terminal preS-part is exposed on the particle surface
and required for infection[108].
Until today, little is known about the role of the
DHBV S-protein in DHBV entry. In contrast to the
HBV S-protein, DHBV-S is smaller and does not include
the antigenic loop, called a determinant, which bears
epitopes involved in the protective immune response
acquired upon vaccination against HBV. Indirect evidence
for the involvement of DHBV-S in entry came from
the observation that antibodies recognizing the DHBV
S-protein, although rarely induced by immunization with
DHBV particles [92], can neutralize DHBV-infection of
PDH[100]. However, it is not clear if the antibodies directly
prevent molecular contacts needed for infection or if
they interfere with the formation of preS-dependent
interactions by steric hinderance. Both single point
mutations within TM-1 of S, resulting in a reduction of
hydrophobicity, or the complete replacement of DHBV
TM-1 by the HBV TM-1 had no effect on DHBV
infectivity (in contrast to the effect the same mutations
had when introduced in the TM-1 of L)[100]. It has recently
been shown that, besides L- and S-proteins, the DHBV
envelope contains a third 10 kDa membrane protein
ter med S t [8] . It is a truncated version of the DHBV
S-protein, consisting of TM-1, the internal cystein loop
and a part of TM-2. St, however, seems to play a key role
as a chaperone in L-protein translocation. Unfortunately,
to date, no further systematic approaches aiming to
identify S-specific amino acids that lead to non-infectious
virions have been undertaken.
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CELLULAR MOLECULES INVOLVED IN
DHBV ENTRY
B a s e d o n a c c u mu l a t i n g e v i d e n c e t h a t t h e p r e S domain plays crucial roles in DHBV infection and also
possibly mediates binding to the hepatocyte, Kuroki et
al [109] performed a biochemical approach for receptor
identification and detected a 180 kDa membrane
protein in 35S-labeled duck hepatocyte extracts that coimmunoprecipitated with DHBV particles or recombinant
envelope proteins. They showed that binding requires
only the DHBV-preS part and can be inhibited by
neutralizing preS-antibodies. Continuous work by this
group and independent efforts by Tong et al using GSTpreS fusion proteins for affinity purification, identified
gp180 or p170 (as named by Tong and co-worker) as the
prototype member of a new class of regulatory transGolgi network (TGN)-resident carboxypeptidases, soon
afterwards termed carboxypeptidase D (CPD) [110,111] .
Duck CPD (dCPD) like all other CPDs identified so far,
consists of three luminal/extracellular carboxypeptidase E
like domains of about 50 kDa each, one transmembrane
domain and a highly conserved cytoplasmic tail required
for accurate retrieval to the TGN [110,112]. While two of
the three luminal/extracellular domains bind Zn2+-ions
and exhibit enzymatic carboxypeptidase activity towards
yet unidentified cellular proteins that cross the secretory
pathway[110,113], the membrane proximal C-domain of dCPD
is enzymatically inactive and binds DHBV preS with very
high affinity[110,114,115]. However, although the C-domains
of human CPD and mouse CPD are homologous to each
other and to the dCPD-C domain[116] they do not interact
with DHBV preS. Chicken CPD, by comparison, displays
only a very weak binding[117]. Interestingly Spangenberg et
al[117] succeeded in rescuing the binding of DHBV preS to
the human CPD C-domain by the introduction of a short
dCPD-C domain-derived sequence (amino acids 920-949).
Thus, since dCPD is essential for DHBV infection, species
specificity could at least partially be explained by the
potential of the viral preS-domain to bind CPD.
There is striking experimental evidence that dCPD
serves a crucial role in DHBV infection: (1) recombinant
DHBV-preS peptides, which are able to bind dCPD in
vitro, are also active as inhibitors of DHBV infection
in PDH [106,107]. (2) soluble dCPD as well as antibodies
against dCPD block DHBV infection[115,118]. (3) adenoviral
transfer of a dCPD mutant lacking the cytoplasmic TGNretrieval signal into PDH, abolishes DHBV infection
of the transduced cells [119] . (4) dCPD is greatly and
selectively down regulated in DHBV infected duck livers
and in infected PDH, which is a possible way to exclude
superinfection[120], although there is evidence for a second
dCPD-independent mechanism[121]. (5) a set of DHBV
single point mutants that are deficient in dCPD binding
lost their infectivity (unpublished data). However, despite
this compelling evidence, it has not been possible to render
non-susceptible cell lines that support replication of the
viral genome (e.g. LMH cells) susceptible by expression
of dCPD [106]. This indicates that either (an) additional
factor(s) is/are missing in the dCPD-transduced cell line
or that the remarkable and still enigmatic dependency of
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hepadnaviral infections on a resting differentiated state of
the hepatocyte provide additional constraints that must be
overcome as well.
Following the identification of dCPD as a putative
DHBV-receptor, extensive work from several groups
addressed issues on the sequence requirements of
the DHBV preS-domain in order to bind dCPD, as
well as details in the mode of dCPD/DHBVpreS
interaction[106,111,115,118,122]. Although the results of binding
analyses are divergent to some extent, the variations are
explainable by the dissimilar techniques that have been
applied by the different authors. All findings, however,
indicate that a central preS-sequence including amino
acids 87-115 (containing major epitopes recognized by
neutralizing antibodies) is indispensable for dCPD binding
(Figure 2B). The disturbance of the integrity of this
sequence abrogated binding entirely. Using quantitative
real-time surface plasmon resonance spectroscopy, it
became clear that sequences located N-terminal to this
essential part (including amino acids 30-86) contribute to
the complex stability in a sequence dependent manner,
making the interaction of DHBV preS and the C-domain
of dCPD to one of the strongest interactions between
a viral ligand and a cellular protein[115]. Concerning the
mode of interaction, two aspects are noteworthy: First,
binding of preS induces conformational changes not only
in the viral ligand but also in dCPD. Together with the
unusual finding that preS binding to the dCPD C-domain
occurs in close proximity to the cellular membrane, the
preS-induced dCPD conformational changes indicate
that dCPD may play an important role in the fusion of
the viral and cellular membrane. If this holds true DHBV
entry into hepatocytes would exemplify a novel type of
a viral entry mechanism, involving the recruitment of
a cellular protein to act as a fusion mediator. However,
this hypothesis remains to be supported. Secondly, an
extensive 2D NMR structural analysis of the DHBV
preS-subdomain that binds dCPD (amino acids 30-115)
revealed a mostly unstructured protein with only a short
sequence within the essential binding site (amino acids
89-104,) exhibiting the tendency to form an alpha helix
(Figure 2B). This is consistent with the observation that
a DHBV preS-polypeptide can be treated repeatedly with
denaturing agents without losing the ability to bind dCPD
with an unaffected KD of 1.5 nmol/L at 37℃[115]. Thus,
the dCPD-binding domain of DHBV represents the first
example of a viral protein belonging to the group of
intrinsically unstructured/disordered proteins[123] and in
that way differs from the well ordered structures found on
the surfaces of other enveloped viruses; e.g. influenza virus
hemaglutinin or HIV gp120. Structural analyses performed
with the whole HBV preS1-polypeptide, as well as with
myristoylated N-terminal preS1 peptide fragments, lead to
similar results (unpublished data).
Immunization of mice using whole duck hepatocytes
and subsequent screening of mabs with respect to their
potential to inhibit DHBV binding to and infection of
PDH, Guo and Pugh isolated two IgMs exhibiting both
activities[124]. They immunoprecipitated a 55 kDa cellular
protein that is also detectable in other tissues of ducks and
in other birds. Unfortunately, this interesting observation
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has not been followed up and it therefore remains an
open question if the 55 kDa protein represents a primary
attachment factor that might be part of the viral entry
machinery into hepatocytes.
Following the identification of dCPD as a putative
rece ptor Li et al [125] identified a 120 kDa protein
preferentially found in liver, pancreas and kidney that
displayed binding activity only to some N-terminally
and C-terminally truncated variants of GST-preS fusion
proteins. Binding depends on the two crucial arginine
residues at positions 101 and 102. Purification and mass
spectroscopic analysis of p120 identified it as the P-subunit
of glycin decarboxylase (GDC), which is an enzyme
involved in mitochondrial amino acid metabolism [126].
Recombinant expressed GDC was located to some extent
at the cell surface and bound truncated preS-fusion
proteins with comparable specificity as the endogenous
GDC. Downmodulation of GDC-levels in PDH, either
by prolonged cultivation or expression of antisense RNA,
resulted in a reduced susceptibility towards infection.
Duck GDC has therefore been proposed to act as a cofactor in DHBV infection after proteolytic processing of
the DHBV L-protein[127]. Although, the proposed concept
of proteolytic activation of the L-protein during entry is
attractive, the role of GDC in DHBV infection cannot
be exclusive since a DHBV mutant carrying the point
mutation R101H is fully infectious, although the respective
mutation abolished binding to GDC[108].

MOLECULES INVOLVED IN MEMBRANE
FUSION OF DHBV WITH THE HEPATOCYTE
MEMBRANE
In contrast to viruses enclosing type 1 fusion proteins
on their surface (e.g. HIV, Influenza, Ebola vir us),
hepadnaviruses do not encode a classical fusion peptide
sequence, which becomes proteolytically released from
an envelope protein precursor during secretion. It has
therefore been hypothesized that instead they use the
internally located hydrophobic transmembrane domain
1 (TM-1) as a fusion peptide, similar to the type 2 fusion
proteins found in HCV, and alphaviruses[128]. Evidence
for this assumption came from experiments with DHBV
subviral particles that, upon low pH-treatment, expose
hydrophobic domains on their surface, thereby increasing
their ability to bind membranes[129]. An elegant subsequent
analysis, including reverse genetics, demonstrated that
lowering the hydrophobicity of TM-1 in the L- but not
the S-protein through alanine substitutions resulted in a
loss of DHBV infectivity[87]. Thus, TM-1 serves (a) distinct
function(s) in DHBV L- when compared to the DHBV
S-protein, with clear involvement in the fusion process on
the part of the L-protein.
Subsequent to the observation that a short, possibly
amphipatic helix in the C-terminal part of the HBV preS2domain consisting of amino acids 41-52 is capable of
translocating fused proteins, such as GFP or nucleic acids
across cellular membranes[74], Stoeckl et al predicted two
such structural motifs (called trans-location motifs, TLM)
also in the N-terminal third of the DHBV preS-domain
www.wjgnet.com
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(amino acids 20-31 and 42-53, Figure 2B). These two
sequence elements are notably conserved among all avian
hepadnaviruses. Amino acids 22-41 have previously been
shown to be important for a dCPD-independent inhibition
of infection mediated by myristoylated DHBV and HHBV
preS-peptides[57]. Exchange of 4 highly conserved amino
acids in the first motif (D1-mutant) or 3 conserved amino
acids in the second motif (D2-mutant) or the concurrent
exchange of 7 amino acids (D-1/D2-mutant) resulted in
a reduced secretion (D1 mutant) and a loss of infectivity
(all mutants) in embryonic hepatocytes, emphasizing the
importance of both segments for infection. Interestingly,
all mutants bind to and are internalized into cells but
cannot be released from an endosomal compartment.
This observation supports the preceding idea that the
N-terminal preS-part functions at an event downstream
of receptor binding and uptake. Based on the loss of
the TLM-activity of the mutated sequence, the authors
hypothesize that escape from the endosome does not
follow a classical fusion mechanism but proceeds via
direct translocation of the nucleocapsid and generalize
this mechanism for all hepadnaviruses. Although attractive
as a model, this hypothesis lacks direct evidence (e.g.
that introduction of other TLMs, such as HIV-Tat, can
replace the DHBV sequence) and is also not supported
by the observation that mutated virions lacking the preS2containing TLM of the HBV L-protein are infectious in
vitro[75]. It is also difficult to explain how amino acids 20-53
can contribute to host discrimination between DHBV and
HHBV if they provide only a functional TLM in both
avian hepadnaviruses (Figure 2B) [130]. Moreover, it has
been shown that amino acids 42-51 of TLM-2 as part of
DHBV preS does not form an alpha-helix[115]. Thus, the
inability of the described DHBV mutants to escape the
endosome might be a consequence of the disruption of
the interaction with the proposed co-factor and not the
disturbance of a TLM-function.

ENDOCYTIC ROUTES USED BY DHBV
Although DHBV infection of PDH is efficient
with respect to the percentage of cells that can be
synchronously infected, our knowledge of the endocytic
routes utilized by the viral particle is still rudimentary.
This relates on the one hand to the fact that resting
PDH cannot be efficiently transfected by routinely used
protocols, making investigations with dominant negative
mutants of the endocytic pathway complicated. On the
other hand, the low percentage of virus particles that bind
to hepatocytes, even when high multiplicities of genome
equivalents “MGEs” are offered in the medium [105,131],
requires very sensitive methods for a direct visualization
of DHBV uptake in he patocytes by f luorescence
microscopy[87]. Consequently, most of our knowledge on
the DHBV uptake route comes from results with chemical
drugs that are known to interfere with specific intracellular
events, which have previously been used to decipher entry
routes of other viruses (e.g. binding to charged surface
molecules, endosomal acidification, trafficking along
microtubules, actin cytoskeleton integrity).
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Regarding the question whether productive DHBV
infection requires endocytosis and intracellular trafficking
events, including acidification as a prerequisite for fusion,
early experiments using the lysomotropic reagents
ammonium chloride, chloroquine and monensin lead to
contradictory results. While Offensperger et al[132] showed
that infection was abolished with ammonium chloride and
chloroquine, Rigg and Schaller reported the contrary[133].
Following DHBV par ticle uptake using confocal
microscopy, Chojnacki et al convincingly demonstrated
recently that DHBV particles co-localize with fluorescently
labeled transferrin in an endosomal compartment 2 h after
attachment. The addition of bafilomycin A1, which is a
potent inhibitor of vacuolar proton ATPases, at different
time points during/after infection clearly showed that
transit to the late endosomal compartment is required for
infection[87]. Within this compartment, the activation of the
DHBV envelope into a fusion competent state is probably
not solely triggered by a pH decrease, explaining to some
extent the earlier conflicting results, but might include
events like CPD-binding and proteolytic cleavage of viral
surface proteins. This is consistent with the observation
by Breiner and Schaller who, while successfully applying
an adenoviral transduction system for PDH, demonstrated
that recombinant expression of CPD-mutants lacking
the complete TGN retrieval signal abrogated DHBV
infection[119]. PH-independent fusion and the dependence
of productive infection on endosomal trafficking events
have also been confirmed by an independent study[134].
Although there is still some debate on whether the
authentic DHBV uptake route into hepatocytes proceeds
via dCPD or if dCPD acts at a later stage, these results
allow little doubt that accurate vesicular trafficking
towards the late endosome, where fusion is expected to
occur, is a prerequisite for productive DHBV infection.
Using a semiquantitative PCR-based binding assay and
chemicals that are known to interfere either with infection
of hepadnaviruses or the formation and maintenance of
microtubuli and the actin cytoskeleton, Funk et al showed
that suramin, which is a highly charged urea-derivative and
well-known inhibitor of DHBV, RSV and interestingly
also HDV infection[135], decreases binding of DHBV to
hepatocytes. The authors estimated the number of DHBV
binding sites on hepatocytes to be about 104/cell, which is
remarkably low when compared to other viruses[131]. They
further showed that infection at some post-entry step
depends on microtubular integrity and that spread in cell
culture proceeds via polar egress of new virions from the
infected cell[136].

WHAT DETERMINES HOST SPECIFICITY
OF AVIAN HEPADNAVIRUSES?
Hepadnavir uses are principally characterized by a
narrow host range, restricting in vivo infections to only
closely related species of their natural hosts. Well-known
examples are the restriction of natural HBV infection to
humans and chimpanzees. Similar observations have also
been made for avian hepadnaviruses. As far as we know,
productive DHBV infection exclusively occurs in Pekin
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ducks. Related species, such as the Muscovy duck, do not
support in vivo infection. This in vivo species specificity is
to some extent reflected by the restricted susceptibility
of the respective hepatocyte cultures (e.g., DHBV infects
hepatocytes of Pekin ducks but not those from Muscovy
ducks or chickens). Interestingly, this is not observed
when replication competent viral genomes are artificially
transferred into cell lines of different origin. This is best
exemplified by the observation that infectious DHBV
particles can be produced even in the human hepatoma
cell line HuH7[137,138]. It has therefore been assumed that
some early step in infection (e.g., attachment, entry, fusion)
determines the host range of hepadnaviruses and that the
liver specific factors needed for genome replication and
virus assembly are not decisive. Comparing the binding
of DHBV particles to hepatocytes from Pekin ducks with
hepatocytes from Muscovy ducks or chicken hepatocytes
and fibroblasts, Pugh et al provided evidence for this
assumption showing that the difference in susceptibility
corresponds to the ability to bind virions and subviral
particles. The loss of susceptibility towards infection
during prolonged cultivation correlated with a reduction
of binding capacity of cells.
The discovery of the heron hepatitis B virus (HHBV)
and its property to be not infectious for Pekin ducks and
PDH[139], opened the way to investigate host specificity
on a molecular level. In that line, Ishikawa and Ganem
produced pseudotyped heron hepatitis B viruses (HHBV)
with envelopes consisting of HHBV-S and chimeras of the
DHBV and HHBV L-protein[130]. They showed that the
replacement of the HHBV-preS domain with DHBV-preS
rescued the infectivity of HHBV in PDH. This indicated
that the preS-domain determines host range without the
need for a species-specific “cross-talk” between L- and
S-proteins. Further fine mapping revealed that a sequence
element containing amino acids 22-37 is sufficient to
overcome host restriction in vitro[130], (Ishikawa, personal
communication). Similar experiments have also been
performed with HBV particles that were pseudotyped with
chimeric L-proteins carrying WMHBV preS-sequences.
Chouteau et al[140] found that HBV pseudotyped with a
WMHBV envelope lost their infectivity for PHH in vitro.
However, substitution of only the first 30 amino acids
of HBV preS1 could restore infectivity of the chimera,
indicating that a short N-proximal region in the L-protein
harbors a determinant that contributes to the species
specificity of HBV.
Although these data accentuate host restriction of
hepadnaviruses as a general theme of this virus family,
some unexpected recent obser vations complicate
our understanding. One observation identifies a new
hepadnavirus isolated from crown cranes which, despite
its close relation to HHBV, infects PDH [12]. Another
obser vation demonstrates that primary hepatocytes
from Tupaia belangeri, belonging to the order Scandentia,
are susceptible for HBV infection in vitro [32] . Taken
together, host specificity of hepadnaviruses is to some
extent determined by an early step in infection involving
the adaptation of the N-terminal preS-domain of the
L-protein to an unknown cellular factor. Moreover, there
might be additional viral and host determinants that are to
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be identified.

WHY IS SUSCEPTIBILITY TOWARDS DHBV
INFECTION RESTRICTED TO DIFFERENTIATED, RESTING HEPATOCYTES?
Another hallmark of hepadnaviral infection is its restriction
to differentiated resting hepatocytes. Although some
attempts have been undertaken there is no proliferating cell
line available that supports DHBV infection. The recently
described HepaRG cell line, which is the first to support
the full replication cycle of HBV, is also not susceptible
in a non-differentiated state [25]. HepaRG cells become
susceptible for infection only after prolonged treatment
with hydrocortisone and DMSO (this process needs at
least 2 wk). This induced susceptibility does not correlate
with enhanced binding of HBV to differentiated cells. In
fact, other hepatoma cell lines, although not susceptible
towards infection, bind and accumulate HBV much better
than HepaRG cells (unpublished data). This remarkable
behavior is supplemented by the observation that initial
amplification of cccDNA after in vitro infection of
embryonic duck hepatocytes increases by the progression
of the cell cycle [141]. Thus we have to assume that, in
addition to the bare presence or absence of receptor
molecules, unknown differentiation-specific and cell cycledependent factors of hepatic origin are important key
players that are involved in early restriction events.

DO INSIGHTS INTO THE DHBV ENTRY
PROCESSES HELP US TO UNDERSTAND
HBV INFECTION?
Having now readily available in vitro systems to study
HBV infection, important questions, such as the nature
of the HBV receptor(s) or the characterization of the
HBV entry pathway and its inhibition, can now be studied.
These investigations are influenced by the results and
concepts obtained from the DHBV studies. Just a few
examples shall be mentioned: (1) The establishment of
transduction systems for PTH, PHH and HepaRG cells
will allow us to inspect the relevance of known endocytic
pathways for HBV infection. (2) Using highly purified
virus preparations, we may further be able to directly
follow attachment and entry using sensitive microscopic
techniques. (3) The application of microarray-based gene
expression profiling will help us identify genes that are
becoming up- or down-regulated during differentiation
of HepaRG-cells and may therefore also be important
regulators of the HBV replication cycle. (4) Having a set
of well characterized preS-peptides that interfere with
infection, it will be possible to identify the molecule(s)
they address. However, it is of utmost importance to be
aware of the possible differences in the uptake strategy
that might have evolved in the two genera ortho- and
avihepadnaviruses with their prototypic members HBV
and DHBV, respectively. Two already known examples
illustrate this. First, the discovery of dCPD as an important
cellular factor for avihepadnavirus infection raised the
www.wjgnet.com
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question of whether the human homologue plays a similar
role in HBV infection. We have performed extensive
studies related to that question (e.g., an infection inhibition
experiment using soluble human CPD or anti-human
CPD antibodies, investigations on whether transfection of
human CPD promotes uptake of purified HBV, binding
assays using HBV preS and human CPD etc.). None of
these experiments gave any hint that this molecule is
involved in HBV infection (unpublished data). Secondly,
Chojnaki et al[87] provided unquestionable evidence that
DHBV infection depends on the intracellular transport of
virions from the early to the late endosome and is thereby
blocked by bafilomycin A1. In contrast, HBV infection of
HepaRG cells is not influenced by this drug (unpublished
results) indicating, along with other evidence, that the two
hepadnaviruses enter hepatocytes via different endocytic
pathways.

PERSPECTIVES
Since the cloning of the HBV genome, and the discovery
of related viruses in the animal kingdom, many aspects
of the hepadnaviral life cycle have been unravelled with
the help of established hepatoma cell lines and the
transfection of replication competent genomes. These cell
lines were, however, not suitable for infection experiments,
possibly due to the lack of one or more unknown
factors required for infection. A huge and still growing
list of binding partners for HBV and DHBV have been
reported since then, however, none of them have been
convincingly shown to be related to HBV infection, and
only Carboxypeptidase D has been shown to play a crucial
role for the infection of avihepadnaviruses. For over 20
years, primary human hepatocytes were the only possible
in vitro system for studying HBV infections, which created
strong limitations. These limitations have become obsolete
with the discovery of the HepaRG cell line and the
usability of PTH instead of PHH to study HBV infection
in an accurate manner. Although both systems bear
their specific difficulties (e.g., Tupaias have to be bred in
captivity, and HepaRG cells require a laborious protocol in
order to render them susceptible for infection) this should
be manageable.
With these models it will be possible to characterise
cellular attachment factors and entry receptors for HBV.
It will further be possible to decipher the entry pathway(s)
of HBV and thereby to relate this important pathogen to
other viruses.
In light of the discovery of a crucial domain within the
preS1 part of the L-protein, the available HBV vaccines
have to be improved. Although the current vaccine has
been shown to be safe and effective, it consists only of
S-protein containing recombinant particles and relies solely
on the generation of protective antibodies recognizing this
part of the viral surface protein, which as we now know
do not counteract binding of the virus to its target cells.
This allows the emergence of escape mutants, frequently
arising especially under antiviral therapy, with reverse
transcriptase inhibitors (e.g. lamivudine). Inclusion of the
preS1 sequences into vaccines should therefore directly
protect against infection.
www.wjgnet.com
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The discovery of HBV preS1-derived lipopeptides as
potent inhibitors of HBV entry will not only stimulate
further investigations aiming to decipher the early infection
events, they also represent a novel antiviral approach
for the treatment of acute and chronic hepatitis B and
hepatitis delta, similar to the HIV-peptide entry-inhibitor
T20 (also called enfuvirtide and fuzeon). However, compared
to T-20, the most active HBV inhibitor (HBVpreS/248 stearoyl and also called Myrcludex B) approximately
displays a 1000 fold higher specific activity. This substance,
which is presently under preclinical development, could
be very useful for post-exposure prophylaxis or the
inhibiting of re-infection after liver transplantation.
Whether efficient entry inhibition will also be beneficial in
the treatment of chronic HBV and HDV infections, alone
or in combination with current therapies, is an interesting
objective to be addressed in a clinical trial in the near
future.
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Abstract
For genome multiplication hepadnaviruses use the transcriptional machinery of the cell that is found within the
nucleus. Thus the viral genome has to be transported
through the cytoplasm and nuclear pore. The intracytosolic translocation is facilitated by the viral capsid that
surrounds the genome and that interacts with cellular
microtubules. The subsequent passage through the nuclear pore complexes (NPC) is mediated by the nuclear
transport receptors importin α and β. Importin α binds
to the C-terminus of the capsid protein that comprises
a nuclear localization signal (NLS). The exposure of the
NLS is regulated and depends upon genome maturation
and/or phosphorylation of the capsid protein. As for other karyophilic cargos using this pathway importin α interacts with importin β that facilitates docking of the import
complex to the NPC and the passage through the pore.
Being a unique strategy, the import of the viral capsid is
incomplete in that it becomes arrested inside the nuclear
basket, which is a cage-like structure on the karyoplasmic face of the NPC. Presumably only this compartment
provides the factors that are required for capsid disassembly and genome release that is restricted to those
capsids comprising a mature viral DNA genome.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Eukaryotic cells are divided into different compartments
and viruses have to get access to the compartment that
provides the cellular machinery for replication. Unlike
bacteriophages that “just” have to pass the bacterial wall
and membrane all viruses that infect eukaryotic cells have
to travel through the cell to reach the place of replication.
Dependent upon the virus and the type of genome, the
machinery of DNA replication, transcription and RNA
processing may be required. Gaining access to the nucleus
where these factors are found requires active transport
since passive diffusion is ineffective.
Although summarized by the ter m “intracellular
t r a n s p o r t ” o n e h a s t o d i f f e r e n t i a t e b e t we e n t h e
intracytoplasmic transport towards the nucleus and the
passage through the nuclear envelope into the karyoplasm.
Nucleic acids are not karyophilic per se. Thus proteins
attached to the viral genome must interact with cellular
factors that facilitate the different transport processes. As
intracytosolic and nuclear transport are based on different
mechanisms it is evident that the interacting domains on
the viral proteins have to be exposed in a coordinated
manner. Moreover an effective virus, meaning a virus
with a good particle-infectious unit ratio, has to release its
genome from surrounding proteins only after termination
of the various transport steps preventing abortion of
the infection process. It has to be considered that the
analysis of the underlying principles is not only important
for analysis of potential drug targets for treatment of
individual viral infections but also for creation of efficient
vectors in gene therapy.

OVERVIEW ON INTRACYTOSOLIC
TRANSPORT PRINCIPLES
The need for active and directed intracytosolic transport
results from the high viscosity of the cytoplasm. Protein
concentrations of 170-350 mg/mL, RNA concentrations
of 30 μg/mL[1] and micro compartmentalization evoke a
viscosity 10 to 100 fold higher than the viscosity of water[2].
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In consequence diffusion processes are enormously
reduced so that only particles with diameters below 50 nm
significantly diffuse[3]. Obviously such a passive movement
is incompatible with efficient trafficking of organelles.
Eukaryotic cells thus provide different active transport
machineries that are not only used by large structures but
even by small macromolecules as it was shown for the
heat shock protein 90 (Hsp90)/glucocorticoid receptor
[4]
β (GRβ) complex and the human tumour suppressor
[5]
protein p53 . It is thus likely that structures as the HBV
capsid with a diameter of 36 nm (80 % of the capsids that
show a T = 4 symmetry, 20 % exhibit a T = 3 symmetry
and a diameter of 32 nm[6,7]) use the same active cellular
transport pathways towards the nucleus.
Most investigations on intracytosolic transport of
viruses are done by adding inhibitors to cells during
infection. To prevent misinterpretations it is important to
realize the variety of cellular processes that are affected.
Eukaryotic cells provide two active cytoplasmic transport
systems based on microfilaments (MF) and microtubules
(MT). Microfilaments have diameters of 5-9 nm and are
double-stranded helical polymers of the ATPase actin.
They form linear bundles, 2D networks and 3D gels and
are most highly concentrated underneath the plasma
membrane. Microfilaments are dynamic polar structures
with a fast-growing plus-end and a relatively inert, slowgrowing minus-end. They stabilize the cell structure
and are involved in cell movement e.g. by filopodia and
lamellopodia. With a velocity of 2-6 mm/d transport
via MF is slow[8,9] and generally thought to serve as the
transport pathway for short distances.
Beside its role in transport actin is also involved
in the internalization and/or formation of endocytic
vesicles. In clathrin-mediated endocytosis a functional
actin cytoskeleton enhances the internalization of the
clathrin-coated vesicles but without being obligatory[10-12].
In phag ocytosis and macropinocytosis local actin
polymerization at the cytosolic site of the plasma
membrane is required for vesicle formation as well as actin
depolymerization [13-16]. Similarly, releasing of caveolincoated vesicles into the cytoplasm depends on actin
polymerization and depolymerization in caveolae-mediated
endocytosis[17,18].
Microtubules are hollow cylinders of 11-13 protofilaments made of the GTPase α- and β-tubulin. MT are 25
nm in diameter and like MF they have a highly dynamic,
fast-growing plus-end and a less dynamic minus-end,
which is typically attached to a microtubule-organizing
centre (MTOC). MT surround the nucleus and extend
from the perinuclear MTOC to the cell periphery. They
are thought to be the major long-range transport system[9]
allowing a velocity of 3-5 mm per hour (HSV 1 capsids,
retrograde)[19].
For both MT and MF two different mechanisms of
transport exist (Figure 1) using polymerization (filament
growth)/depolymerization (filament shrinkage) or motor proteins[20]. In the first mechanism the cargo binds
dynamically via adapter proteins to one end of a growing
or shortening filament and can be pushed or pulled in the
given direction. Mitotic chromosomes for example bind at
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Figure 1 Participation of microtubules and microfilaments in transport processes.
Transport processes are indicated as bold arrows. Microtubules (MT, bold lines)
have a highly dynamic plus-end and a less dynamic minus-end that is located
at the microtubule-organizing (MTOC). They participate in the transport of (1)
organelles, e.g. endosomes, (2) direct retrograde transport of capsids via the
dynein motor protein complex (adenovirus, HSV 1, parvoviruses), (3) direct
anterograde transport of progeny HSV 1 capsids by conventional kinesin, and
(4) participate in chromosome segregation upon mitosis. Microfilaments (MF),
depicted as dotted lines participate (5) in separation of endocytotic vesicles from
the plasma membrane and (6) via polymerization in transport of e.g. Listeria
monocytogenes and nuclear polyhedrosis virus (NPV).

its kinetochor via a dynein/dynactin-complex to the plusend of the kinetochor-MT[21-23]. Depolymerization at the
plus-end as well as depolymerization at the minus-end
directs the chromosomes to the minus-end that is fixed at
the spindle pole. Phagosomes[24,25], macropinosomes[26,27]
endosomes and lysosomes[27,28] are able to cross the cytosol
by the help of a polymerizing actin tail comparable to the
movement of the bacteria listeria monocytogenes[29-31] and the
nuclear polyhedrosis virus (NPV) capsid[32-34].
However the most commonly used transport strategy
for macromolecules, mRNA, RNPs (ribonucleoprotein
complexes), cellular organelles and vesicles along polar
MF or MT involves motor protein complexes, namely
myosins, kinesins and dyneins[20,35-38]. These cargo specific
filament binding proteins exhibit a motor domain (ATPase)
and move ATP-dependent and unidirectional along the
stable filaments. Dependent upon the involved filament
and transport direction different motor protein complexes
are used. Class VI myosins are unconventional myosins
which move towards the minus-end of MF[39]. They are
involved in the transport of clathrin-coated vesicles from
the plasma membrane into the inner cell[40,41]. Class I and
class V myosins in contrast migrate towards the plus-end
of MF[20,35]. Myosin I mediates transport of membranes
whereas myosin V is responsible for the transport of organelles, as e.g. recycling endosomes towards the plasma
membrane[20,42,43]. In addition myosin V can transport cargos along MT[44] thus linking both transport systems.
The MT specific kinesins can be distinguished upon
the localization of the conserved motor domain into
conventional kinesins, which have an N-terminal motor
domain and that direct cargos in the anterograde direction
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towards the plus-end of the MT (i.e. towards the cell periphery)[20,36]. They participate in the intracellular transport
and localization of different cellular membrane organelles,
as the extension of the ER (endoplasmatic reticulum) from
the nucleus towards the cell periphery[45,46]. In addition,
conventional kinesins are used in directing progeny capsids of herpes simplex virus 1 (HSV 1) in the anterograde
direction[47].
Unconventional kinesins, which have a C-terminal motor domain move in contrast towards the minus-end of
MT. They mediate axonal MT transport of vesicles and
organelles[36].
The cytoplasmic dynein is commonly associated with
the cofactor dynactin (dynactin-complex)[48] transporting cellular vesicles (endosomes and caveolin-negative
vesicles[49-52] and macromolecules (e.g. tumor suppressor
protein p53 [5]) in the retrograde direction towards MT
minus-end (the MTOC). Apparently the dynein-complex
is frequently used in transport of viral capsids towards the
nucleus as it was shown for adenoviruses[53-55], parvoviruses[56-59] and HSV 1 upon infection[47,60].

INTRACYTOSOLIC TRANSPORT OF HBV
CAPSIDS
With the exception of NPV all viruses being analyzed
so far make use of the MT transport system for their
transport towards the nucleus [61]. This includes large
viruses that have to travel long distances as the herpes
simplex virus 1 (HSV 1;[47]) that has to be transported for
centimeters between the axon end and the cell body and
parvoviruses (18-26 nm)[56,58,62] that are below the diffusion
limit inside the cytoplasm.
Evaluating the transport mode of hepatitis B virus
is however not trivial as the entry mechanism is not
fully understood. This is mainly caused by a lack of an
appropriate and effective in vitro infection system that
allows study of the early steps of the hepadnaviral life
cycle. As described in “Viral and cellular determinants
involved in hepadnaviral entry” hepadnaviruses enter
the cells in vesicles [63] but do not need acidification
for infection [64]. This step that normally occurs upon
endocytosis has a major effect on viral structures as
described for adeno- and par vovir uses [57,65,66] . The
altered structure distinguishes capsids that have passed
endocytosis from prog eny capsids that are newly
synthesized. The different exposed epitopes allow variant
interactions so that incoming capsids are targeted to the
nucleus while progeny capsids are not.
As such an acid-induced conformational change is
missing in the hepadnaviral life cycle the viral capsids
released from the endosomal pathway and the newly
synthesized progeny capsids have the same structure.
Consequently both types of capsid can participate in
nuclear transport of the viral genome.
The restrictions of the experimental systems for
analysis of hepadnaviral viral infections are most likely
caused by an insufficient entry. It was thus a self suggested
idea to replace the viral surface proteins by a lipid shell as
it is done in protein transfection (lipofection)[67]. The lipids
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fuse with the plasma membrane and release the capsids
into the cytoplasm. For studying the intracellular transport
of the hepadnaviral capsid lipofection has the advantage
that no cellular transport vesicles are involved.
In fact lipofection of hepatoma cells yielded in a highly
productive HBV infection similar to the in vivo efficiency.
As lipofection is independent upon receptors high
amounts of capsids could be loaded on the cells. This
allows one to follow the fate of the capsids and of the viral
genomes by microscopical techniques[67] showing that the
capsids accumulated at the nuclear envelope after 15 min.
As diffusion can be assumed to take 1 h (for calculation
see[9]), these data imply a directed active capsid transport
towards the nucleus. Released viral genomes occurred
exclusively inside the karyoplasm suggesting site-specific
disintegration at the nuclear envelope. The use of the MT
depolymerizing drug nocodazole inhibits accumulation of
capsids at the nuclear envelope and the release of genomes
suggesting that genome liberation requires transport to the
nucleus.
The microscopical finding of an active MT-mediated
transport towards the nucleus was supported analysing
the effect of nocodazole on the hepadnaviral life-cycle.
It was demonstrated that MT are essential for formation
of nuclear DNA (cccDNA that occurs only after repair
of the partially double stranded DNA genome within the
nucleus) and for amplification of viral DNA via synthesis
of progeny mature capsids.
The use of the MT transport system was confirmed
in another experimental system in which capsids were
injected into the cytosol of Xenopus laevis oocytes. Due to
the longer transport distances 30 min are required for the
capsids to reach the nucleus upon injection at the pole of
the oocyte opposed the nucleus. Assuming a distance of 0.5
mm that has to be bridged this period is consistent with
the cytosolic transport of HSV 1 capsids that traverse the
cytoplasm with 3-5 mm per hour (retrograde transport,[9]).
As electron microscopy was used as read-out for capsid
localization these data could show that the capsids did
not bind to undefined sites of the nuclear envelope but
to the nuclear pore complexes (NPC)[68]. However, when
anti tubulin-antibodies were preinjected the arrival of the
capsids at the NPCs was inhibited confirming that even in
cells only distantly related to human hepatocytes the same
transport system is used.
Although conclusive, it must be considered that all
the observations described above were not done in the
“authentic primary” cells and that a liver-specific factor
may alter e.g. the place of genome release and lead to
another transport model that does not involve the capsid.
However, the generation of capsids with a translocation
motif (TLM) fused to the N-terminus of the capsid
protein recently gave further support[69]. These capsids
were still capable of encapsidating the polymerase and the
pregenome so that mature DNA capsids were generated
being able to initiate an HBV infection in primary human
hepatocytes. Although the mode of uptake by a TLM
remains controversial-directly penetrating the plasma
membrane or using transporters[70]-a clear uptake of the
capsids could be observed, resulting in accumulation in the
www.wjgnet.com
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perinuclear region. This uptake was not observed when
wild-type capsids were used being contradictory to most
recent results of others[71]. Irrespectively of this divergence
the location of the TLM capsids at the perinuclear region
where the MTOC is situated supports that the MT were
used for transport towards the nucleus.
An open question not being answered for any cargo
that uses MT transport for reaching the nucleus is derived
from the polarity and arrangement of the MT. As their
minus-end is not directly located at the NPC but attached
to the MTOC the cargo must cross the distance between
the MTOC and the nucleus. There are observations that
even for this short gap passive diffusion is not likely: HSV
1 capsids show an equal distribution around the nucleus
after infection and do not accumulate at those NPCs adjacent to the MTOC[47]. However, the mechanism of this
translocation remains open.

importin β (Imp β) but requires an adapter molecule, importin α (Imp α), which connects NLS and - via its IBBImp β.
The driving force of nuclear import and export is determined by the different concentrations of RanGTP in
the nucleus versus the cytoplasm. RanGTP that is enriched
in the karyoplasm, interacts with the transport receptors
of the import complex, leading to dissociation of cargo
and receptor. While the cargo diffuses deeper into the
karyoplasm, the RanGTP-receptor complex becomes exported to the cytoplasm.
Hepadnaviral genomes have to enter the nucleoplasm
for replication. As hepatocytes are terminally differentiated
cells that do not divide they cannot wait until the cell
undergoes mitosis as most retroviruses-excluding HIV-do.
As karyophilic proteins the capsids use the nuclear pore
complex to get for access to the nucleoplasm.

GENERAL MECHANISM OF NUCLEAR
TRANSPORT

NUCLEAR IMPORT OF HEPADNAVIRAL
GENOMES

Viruses that replicate in the nucleus of non-dividing cells
have to traverse the nuclear envelope. For this reason
nuclear proteins pass the nuclear pore complexes (NPCs).
NPCs are large proteinaceous structures consisting of
30 different proteins[72], collectively termed nucleoporins
(Nups). Nucleoporins exist in multiples copies, forming
a complex of estimated 125 MD[73]. Many nucleoporins
contain distinct domains of phenylalanine-glycine (FG)
repeats, which mediate the main interaction between
nucleoporins and soluble transport receptors. The NPC
consists of a central ring-like framework with 8-fold
symmetry, representing the part of the complex that is
embedded in the nuclear envelope (NE) Attached to a
cytoplasmic ring moiety 8 cytoplasmic filaments form
an initial docking side for transport complexes. On the
karyoplasmic face, 8 fibres form the cage-like structure
of the nuclear basket[74]. The central framework is a ringlike assembly built around a central pore through which
the exchange of macromolecules occurs. The dimension
of the nuclear pore restricts complexes to a diameter of
39 nm including their shell of transport receptors[68]; a size
that is exceeded by most viruses or subviral particles.
NPCs regulate the traffic of proteins and nucleic
acids into and out of the nucleus[75]. Substrates smaller
than roughly 9 nm in size, including ions, metabolites and
proteins, travel through the NPC in a diffusion-controlled
and energy independent manner[76].
Most nuclear cargos exhibit signals that interact with
nuclear transport receptors of the importin β superfamily,
comprising importins and transportins. All members of
this family exhibit an N-terminal RanGTP-binding domain
which is important for dissociating receptor and cargo
(reviewed by[77]). There is a variety of different signals that
are recognized as exemplified by the M9 domain, bound
by transportin, polypeptides of basic amino acids that
represent an importin β binding domain (IBB) and “classical” nuclear localization signals (NLSs) that show the
consensus sequence K(K/R)X(K/R)[78]. The classical NLS
does not directly bind to the transport-mediating receptor

Nucleic acids are not karyophilic per se. Therefore one
or more proteins attached to the genome must interact
with cellular nuclear import receptors. In case of the
hepadnaviruses three models, each involving a different
mediator, may play a crucial role in the nuclear import
of the HBV genome: (1) The viral polymerase of the
Hepatitis B virus. The enzyme is covalently attached to
the viral genome and probably contains a hidden NLS.
Expression of the polymerase in eukaryotic cells revealed
that the protein stays cytoplasmic[79] but extraction of this
complex from mature virions showed that it enters the
nucleus[80]. However, the procedure of extraction requires
harsh treatment and thus structure altering methods. (2)
Some of the heat shock proteins as Hsc70 or Hsp90
activating the polymerase[81-84] and (3) the capsid proteins
surrounding the viral replication complex.
The lipofection experiments described above, show
that released viral DNA is exclusively present within the
nucleus. The release is combined with the accumulation of
capsids at the nuclear envelope. It thus has to be concluded
that if the polymerase mediates nuclear import the release
of the import complex must occur at the nuclear envelope,
probably after docking of the capsids to the nuclear pore.
Examples for such a pathway are the HSV 1 capsid that
becomes opened upon the interaction of a penton with
the NPC and adenovirus 2 that releases the complex of
DNA and associated proteins at the pore[47,85-88].
The polymerase-associated heat shock proteins may
act in a similar manner. For example, the interaction
with Hsc70 that exhibits a nuclear transport capacity is
established[84]. The capsid-nuclear envelope interaction was
more extensively investigated in cell biological assays and
in microinjection experiments using oocytes of Xenopus
laevis. Another experimental design is based on Digitonin
permeabilized cells most commonly used in studying
nuclear import reactions in detail. Digitonin permeabilizes
only cholesterol containing membranes as e.g. the plasma
membrane and membranes of mitochondria. Other
membranes as the nuclear and ER membrane remain
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unaffected[89]. In general adhesive cells are analysed under
conditions where they attach to the surface of a glass cover
slip thus the Digitonin has to be removed by washing
steps. The washing removes the soluble cytosolic proteins
(and some small nuclear proteins that rapidly diffuse out
of the nucleus) including the cellular nuclear transport
factors. Consequently these factors have to be replaced
either by addition of selected import factors or in form
of a cytosolic extract. However, as the nuclear transport
capacity is conserved this process can be transferred to the
in vivo situation presupposed that the subjected cargo with
its modification is physiological.
Microinjection in the cytoplasm is another established
technique. For electron microscopy Xenopus laevis oocytes
are frequently used as the huge dimensions of the nucleus
allow the analysis of multiple sections. Since nuclear
import is phylogenetically well conserved the results are
transferable to other cell types as long as no embryogenesis
related processes are affected.
These assays and biochemical analyses have been
used to analyse the nuclear import of the hepadnaviral
genome in more detail. Using permeabilized cells it was
shown that the HBV capsid protein contains an NLS
within its C-terminal domain. This domain is hidden
in the lumen of RNA-containing capsids expressed in
E. coli and in eukaryotically expressed capsids devoid of
the polymerase[90,91]. These capsids failed to interact with
nuclei of permeabilized cells. However, the exposure
of the C-terminus on the capsid surface was shown
to be linked to genome maturation as in vitro studies
revealed[90]. Interestingly, the exposure could be initiated
in RNA-containing capsids expressed in E. coli when the
C-terminus was in vitro phosphorylated by protein kinase
C[92] or protein kinase A[93]. These observations strengthen
the idea that phosphorylation and genome maturation are
linked. The impact of the exposed C-termini for nuclear
pore complex association becomes evident by cleavage
experiments in which the C-termini were removed from
mature capsids followed by subjection of the capsids
to Digitonin-permeabilized cells. According with the
hypothesis of a capsid-mediated NPC docking the capsids
and the necessity of exposed NLS to the digested capsids
failed to interact with the nuclei. Consistently with the
identification of an NLS on the capsid protein importin
β was found to be the mediator of NPC interaction,
requiring importin α as an adapter protein.
Most fascinating is the different import behaviour
between capsids that have undergone genome maturation
to a different extent. Capsids with an immature DNA
genome interacted with the NPCs but remained associated
with the pores while subjecting mature capsids to the
permeabilized cells resulted in a nuclear capsid stain and
released viral genomes within the nucleus.
Based on these data all three impor t modelspolymerase, heat shock proteins or capsid mediation-could
be true. The mature capsids could interact with the NPC
releasing their genome followed by import of the genome
mediated by the polymerase or heat shock proteins. The
dissociated capsid subunits enter the nucleus as they
apparently do in HBV infected individuals. The immature
capsids could have been just more stable thus failing to
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disintegrate and to release the genome.
Alternatively, only the mature capsids that expose more
NLS may have become surrounded by enough nuclear
transport receptors to pass a hydrophobic mesh caused
by the crosslinking of hydrophobe FxFG repeats of
nucleoporins. Only these capsids interact with the factors
required for genome release.
To d i f f e r e n t i a t e b e t we e n t h e m o d e l s f u r t h e r
investigations were initiated to follow the fate of the
capsids at the NPC. Surprisingly, electron microscopy after
microinjection into Xenopus laevis oocytes showed that not
only the mature capsids passed the pore and entered the
nuclear basket but also immature capsids that apparently
failed to diffuse deeper into the karyoplasm. Consistent
with the experiments in per meabilized cells, RNA
containing capsids did not interact with the NPCs.
For the model of nuclear import these findings implied
that apparently the capsids mediated the passage through
the nuclear pore into the nuclear basket. Here only the
mature capsids disintegrated while the immature capsid
stay arrested. Hypothetically this arrest can increase
efficiency of HBV infection, assuming that genome
maturation proceeds in these capsids.

BEYOND NUCLEAR IMPORT
Hepadnaviral polymerases can only successfully synthesize
the full length viral DNA when interacting with the capsid
proteins. In fact, recent studies on the phosphorylation
sites of the HBV capsid protein show that one serine
residue (Ser 157) has to be phosphorylated for pregenome
packaging while serine 164 is required for allowing
DNA synthesis [94,95]. The highly efficient infections by
hepadnaviruses thus imply that the genome release is well
coordinated in that only capsids with a mature genome
disintegrate. The factor however that apparently is only
present within the nucleus remains unknown. Incubations
of mature capsids with nuclear extracts failed to induce
significant genome release while permeabilized hepatoma
cells only require minutes to release thousands of HBV
genomes per nucleus. Furthermore a liver-specific factor
must be assumed as genome release is more efficient in
permeabilized hepatoma- than in HeLa cells. In vivo, this
conclusion is supported by observations of Untergasser
et al[96], who observed that cccDNA generation does not
occur upon infection of dendritic cells with chimera of
HBV and adenovirus.
Another open question is raised by the high copy
number of empty capsids found in the nuclei of HBV
infected hepatocytes or in hepatocytes of mice that are
transgenic for HBV. Apparently they are not derived from
capsids that have transported the genome into the nucleus
as the half-life of the genome-as different data in the
literature are (ranging from 3 d[97], 55 d[98] to a non-relevant
degradation[99])-do not explain their frequent abundance.
However, the capsid protein is strongly over expressed
with regard to the number of vir uses and capsids
that participate in nuclear entry of the viral genome.
Apparently capsid proteins have a nuclear transport
capacity by their NLS, which is not hidden as long as
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Figure 2 Hepadnaviral trafficking within the cell. Capsids are drawn as grey
icosahedra. Immat-Capsid, immature capsid, Mat-Capsid, mature capsid. The
nucleic acid found within the capsids is depicted as a dotted line (RNA) or a full
line (DNA). The arrows present movements (2, 4, 5, 8) or changes of the capsid (1,
7, 9, 10). Further explanations are given in the text.

they are not assembled to particles. Based on the results
described above one must thus conclude that not capsids
but the supernumerous capsid proteins or their assembly
intermediates are imported. In accordance with consistent
biochemical data of all groups studying the assembly
process, it must be proposed that the capsid proteins do
not need any other protein for assembly. The only driving
force is the affinity to each other being supported by their
interaction with other components as e.g. RNA. It is thus
likely that after import of high numbers of capsid proteins
into the nucleus the threshold concentration is reached
resulting in rapid assembly to particles.
Nonetheless, one has to ask why the capsid proteins do
not become arrested in the nuclear basket as the immature
capsids. One can assume that assembled capsids can
interact with at least eight basket proteins, most likely the
nucleoporin 153[100], that are arresting the capsid. Although
the answer remains experimentally open a protein
monomer in contrast is restricted to one interaction that
is in competition with the thousands of proteins that pass
the nuclear pore every second.
The meaning of the nuclear assembly is unsolved. It
might be just a side effect caused by the intrinsic assembly
ability of the capsid. However, as the capsid proteins
interact preferentially with single stranded nucleic acids
the assembly may prevent interference with the cellular
transcription and RNA export machinery thus reducing
toxicity of the virus and ensuring a long life of the
www.wjgnet.com
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SUMMARIZING THE TRAFFICKING OF
HEPADNAVIRAL CAPSID AND GENOME
The summary of the current knowledge on the nuclear
import of the hepadnaviral genome is depicted in Figure
2. It must be considered however that there are several
elements as e.g. the co-ordination of the transport
processes that are yet unknown. (1) Upon genome
maturation and phosphorylation the hepadnaviral capsids
undergo a structural change that leads to exposure of
increasing numbers of the C-termini that are part of the
capsid protein. (2) The capsids are transported towards the
microtubule-organizing centre (MTOC), which is located
at the perinuclear region. (3) As the exposed C-terminal
domain exhibits a nuclear localization signal the probability
of an interaction with the adaptor protein importin α
increases. As in the physiological import of karyophilic
proteins this complex is bound by importin β. Whether
this acquisition already occurs during the MT-mediated
transport or (4) during the unknown passage from the
MTOC to the nucleus remains open. (5) Importin β next
facilitates docking to the cytosolic fibres of the nuclear
pore and translocation of the complex into the nuclear
basket. (6) After dissociation of the nuclear import
receptors from the capsid the capsid most likely interacts
with a protein of the basket. (7) While immature capsids
stay arrested and may continue with genome maturation, (8)
mature capsids that are less stable release the genome with
the associated proteins into the nucleus where genome
repair takes place. (9) Supernumerous capsid proteins
that result from disintegration can diffuse deeper into the
karyoplasm where (10) they re-assemble after the capsid
protein concentration reaches the threshold concentration
for assembly.
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INTRODUCTION
Abstract
Hepadnaviruses, including human hepatitis B virus
(HBV), replicate through reverse transcription of an RNA
intermediate, the pregenomic RNA (pgRNA). Despite this
kinship to retroviruses, there are fundamental differences
beyond the fact that hepadnavirions contain DNA
instead of RNA. Most peculiar is the initiation of reverse
transcription: it occurs by protein-priming, is strictly
committed to using an RNA hairpin on the pgRNA,
ε, as template, and depends on cellular chaperones;
moreover, proper replication can apparently occur only
in the specialized environment of intact nucleocapsids.
This complexity has hampered an in-depth mechanistic
understanding. The recent successful reconstitution in
the test tube of active replication initiation complexes
from purified components, for duck HBV (DHBV),
now allows for the analysis of the biochemistry of
hepadnaviral replication at the molecular level. Here we
review the current state of knowledge at all steps of the
hepadnaviral genome replication cycle, with emphasis
on new insights that turned up by the use of such cellfree systems. At this time, they can, unfortunately,
not be complemented by three-dimensional structural
information on the involved components. However, at
least for the ε RNA element such information is emerging,
raising expectations that combining biophysics with
biochemistry and genetics will soon provide a powerful
integrated approach for solving the many outstanding
questions. The ultimate, though most challenging goal,
will be to visualize the hepadnaviral reverse transcriptase
in the act of synthesizing DNA, which will also have
strong implications for drug development.
© 2007 The WJG Press. All rights reserved.
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A hallmark of hepatitis B virus (HBV) replication is
protein-primed reverse transcription, related to, but
mechanistically distinct from, retroviral replication. This
review will focus on the various genome transformations
that occur during the replication cycle, with emphasis on
the cis-elements on the one hand, and the trans-acting
factors known or thought to be involved on the other. A
general outline of the chain of events during hepadnaviral
replication has been established, mainly using transfection
of cloned HBV DNA into a few suitable cell lines, and
has been the subject of several reviews[1-6]. Much less clear
than what happens is, however, how these various steps
are achieved and regulated.
Several features of HBV make resolving such
mechanistic questions exquisitely difficult: Foremost, until
recently, no in vitro systems were available to reconstitute
individual replication steps under controlled conditions;
conversely, there are no simple infection systems to follow
the consequences of mutation-induced in vitro phenotypes
in the context of authentic virus replication. Secondly,
for various of the viral components and mechanisms no
precedents exist such that drawing conclusions in silico, or
by analogy to experimentally more tractable systems, is of
limited value. Finally, there is a general lack of structural
information on the involved viral factors, in particular on
P protein, the viral reverse transcriptase. Fortunately, duck
HBV (DHBV), the type member of the avihepadnaviridae,
provides a valuable model system[7]. Although it differs
from HBV in some details, the general features of
genome replication are highly conserved; in fact, that
hepadnaviruses replicate through reverse transcription has
been established with DHBV[8]. Beyond allowing feasible
in vitro and in vivo infection studies, the crucial initiation
step of DHBV reverse transcription has recently been
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reconstituted in the test tube. On many occasions, we will
therefore refer to data obtained with this model virus, and
add what is available for human HBV.

OVERVIEW OVER THE HEPADNAVIRAL
GENOME REPLICATION CYCLE
Replication of the hepadnaviral genome can broadly be
divided into three phases (Figure 1): (1) Infectious virions
contain in their inner icosahedral core the genome as a
partially double-stranded, circular but not covalently closed
DNA of about 3.2 kb in length (relaxed circular, or RCDNA); (2) upon infection, the RC-DNA is converted,
inside the host cell nucleus, into a plasmid-like covalently
closed circular DNA (cccDNA); (3) from the cccDNA,
several genomic and subgenomic RNAs are transcribed
by cellular RNA polymerase Ⅱ; of these, the pregenomic
RNA (pgRNA) is selectively packaged into progeny
capsids and is reverse transcribed by the co-packaged
P protein into new RC-DNA genomes. Matured RCDNA containing-but not immature RNA containingnucleocapsids can be used for intracellular cccDNA
amplification, or be enveloped and released from the
cell as progeny virions. Below we discuss these genome
conversions, with emphasis on the reverse transcription
step, and particularly its unique initiation mechanism.

RC-DNA TO cccDNA CONVERSION
Persistent viral infections require that the viral genome
be present in the infected cell in a stable form that is not
lost during cell division, and which therefore can be used
for the continuous production of progeny genomes.
Many DNA virus genomes harbor replication origins
allowing them to directly exploit the cellular replication
machinery for amplification; retroviruses integrate a
terminally duplicated linear version of their DNA genome
into the host genome, such that it is replicated along
with the chromosomes. For hepadnaviruses, the genome
persists, instead, as a nuclear, episomal covalently closed

X

RN

A

DR2

pg

DR

1

pA

Figure 1 Replication cycle of the hepadnaviral genome. Enveloped virions infect
the cell, releasing RC-DNA containing nucleocapsids into the cytoplasm. RCDNA is transported to the nucleus, and repaired to form cccDNA (1). Transcription
of cccDNA by RNA polymerase Ⅱ (2) produces, amongst other transcripts (not
shown), pgRNA. pgRNA is encapsidated, together with P protein, and reverse
transcribed inside the nucleocapsid (3). (+)-DNA synthesis from the (-)-DNA
template generates new RC-DNA. New cycles lead to intracellular cccDNA
amplification; alternatively, the RC-DNA containing nucleocapsids are enveloped
and released as virions. PM, plasma membrane.

e

Figure 2 HBV genome organization. The partially double-stranded, circular RCDNA is indicated by thick black lines, with P covalently linked to the 5´ end of the
(-)-DNA, and the RNA primer (zigzag line) at the 5´ end of (+)-DNA. The dashed
part symbolizes the heterogeneous lengths of the (+)-strands. DR1 and DR2 are
the direct repeats. The outer circle symbolizes the terminally redundant pgRNA
with e close to the 5´ end, and the poly-A tail at the 3´ end. The precore mRNA
is nearly identical, except it starts slightly upstream. The relative positions of the
open reading frames for core (C), P, preS/S, and X are shown inside. TP, Terminal
protein domain of P.

circle, i.e. the cccDNA. The circular form obviates the
need for terminal redundancy in that, on the circle, the
core promoter/enhancer Ⅱ is placed in front of the
start sites for the genomic RNAs; conversely, in typical
HBV expression vectors the cloned hepadnaviral DNA is
interrupted by plasmid sequences, such that the control
regions need to be duplicated[9].
Distinct features of the RC-DNA (Figure 2) are (1),
only the (-)-DNA strand (with opposite polarity to the
mRNAs) is complete whereas the (+)-strands comprise a
cohort of less than full-length molecules; (2), the 5´ end
of the (-)-DNA is covalently linked to P protein; (3) the 5´
end of the (+)-strand consists of an RNA oligonucleotide,
derived from the pgRNA, which served as the primer for
(+)-strand synthesis. For cccDNA formation, all these
modifications need to be removed, and both strands need
to be covalently ligated.
How this is achieved is not well understood, in
particular because unambiguous cccDNA detection in the
presence of excess RC-DNA is not technically trivial, not
even by PCR approaches[10]. Also, whenever overlength
HBV constructs are involved, e.g. upon transduction of
cells with HBV carrying adeno- [11] or baculoviruses [12],
caution is indicated because homologous recombination
could provide for a vir us replication independent
mechanism of cccDNA formation.
Direct infection avoids this problem but as yet only
limited data are available. Earlier evidence obtained with
the DHBV-primary duck hepatocyte (PDH) infection
system suggested that the activity of the viral P protein
is not required for cccDNA generation [13] ; however,
more recent data using infection with HBV of primary
tupaia hepatocytes[14,15] indicate that reverse transcriptase
inhibitors can strongly reduce, though not completely
block, cccDNA formation[16]. This would be in line with a
www.wjgnet.com
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role for P protein in the process, probably the completion
of the (+)-strands. However, the other steps towards
cccDNA are likely to require cellular activities, as suggested
by the apparent lack of cccDNA, despite formation of
infectious virions, in non-authentic host cells such as
hepatocytes from HBV transgenic mice[17]. However, low
level cccDNA generation in mice has been reported in
certain experimental settings[18,19].
Naturally hepadnavirus infected hepatocytes contain
up to 50 or more copies of cccDNA[20], probably in the
form of histone-containing minichromosomes[21]. This
amplification occurs intracellularly[22,23] in that progeny
RC-DNA genomes, like the initially infecting genome,
underg o nuclear impor t and cccDNA conversion
(Figure 1). Together with the long half-life (30 to 60 d
for DHBV [20,24]), this ensures that cccDNA is not lost
during cell division, and even persists during effective
antiviral therapy [25]. Nuclear transport, and enveloped
virion formation appear to be competing events, such that
late in infection, when sufficient amounts of envelope
proteins become available, further cccDNA amplification
ceases[26]. A recent analysis on the single cell level revealed
that the cccDNA copy number in DHBV infected PDH
is not uniform and fluctuates over time; about 90% of
the cells contained between 1 and 17 copies, the rest more
than 17 copies[27,28]. Cells with only one copy may allow
segregation of daughter cells containing no cccDNA.
This could explain the apparent, though probably less
than complete [29] , disappearance of cccDNA during
spontaneous clearance of HBV infection. However,
therapeutic cccDNA elimination from the chronically
infected liver remains a major issue even with the latest
generation antivirals[30,31]; further investigations into the
mechanism of cccDNA formation, and possibly breakdown, are clearly warranted.

FROM cccDNA TO PREGENOMIC RNA
All known hepadnaviral RNAs, i.e. the subgenomic
RNAs as well as the greater-than-genome length pgRNA
and precore RNA, are transcribed by cellular RNA
polymerase Ⅱ (the enzyme responsible for cellular mRNA
synthesis) using cccDNA as the template. All contain
5´ cap structures, all are 3´ terminally poly-adenylated at
a common site, and all serve as mRNAs for viral gene
products. Spliced transcripts do exist, and even can be
packaged into progeny virions[32,33], yet their functional
role is still obscure although for DHBV splice site mutants
appear to have defects[34]. The extent of splicing appears to
be controlled in DHBV by a long-range RNA secondary
structure [35] , and in HBV by the post-transcriptional
regulatory element (PRE)[36].
The transcript relevant for virus replication is the
pregenomic RNA (pgRNA), encompassing the entire
genome length plus a terminal reduncancy of, in HBV,
about 120 nt that contains a second copy each of the
direct repeat 1 (DR1) and the ε signal, plus the poly-A
tail (Figure 3A). The pgRNA starts immediately after the
precore initiator codon. Its first essential role is that as
mRNA for the core protein and the reverse transcriptase;
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Figure 3 The pgRNA as substrate for P protein. A: pgRNA organization. The
pgRNA is shown with some major cis-elements, i.e. e (hairpin structure), DR1,
DR2, and DR1*; DHBV, but not HBV, requires for encapsidation an additional ciselement (De region Ⅱ). Binding of P protein to 5´ e, but not 3´ e, initiates pgRNA
encapsidation and replication; B: In vitro priming assay. P protein with its Terminal
protein (TP), reverse transcriptase (RT), and RNase H (RH) domains can be
activated by reticulocyte lysate (RL), or individual factors (X, Y, Z), to bind e; e
may be supplied as small RNA covering just the hairpin structure. Upon addition
of a32P-dNTPs, P uses e as template to copy 3 to 4 nt from the e bulge region; by
the covalent linkage of the 5´ nt to a tyrosine residue in TP, P protein becomes
radioactively labeled, providing a sensitive assay for activity. In vitro priming does
thus far not work with human HBV P protein and e RNA.

unlike retroviral Gag-Pol proteins, P is expressed as a
separate polypeptide by an unconventional mechanism[37].
Secondly, pgRNA is the template for generation of new
DNA genomes by reverse transcription. The 5´ terminally
extended precore RNA contains the initiator codon of the
preC region and gives rise to the 25 kDa precore precursor
protein of secreted 17 kDa HBeAg. It is unsuited as
a pregenome, and is excluded from participating in
replication on the level of encapsidation[38].
Of note, RNA polymerase Ⅱ transcription could
contribute, in addition to reverse transcription, to
hepadnaviral genome variability. Its extent is, however,
unclear because the error rate of RNA polymerase Ⅱ is
not firmly established and strongly affected by some of
the subunits in the holo-enzyme complex[39,40].

CAPSID-ASSISTED REVERSE TRANSCRIPTION OF pgRNA
The next crucial step in hepadnaviral replication is
the specific packaging of pgRNA, plus the reverse
transcriptase, into newly forming capsids. Key actors
are cis-elements on the pgRNA, most notably the
encapsidation signal ε, and P protein which binds to ε.
This interaction, in a still poorly understood fashion,
mediates recruitment of core protein dimers and thus
leads to packaging of the pgRNA-P complex. Remarkably,
the precore RNA is not packaged although it contains all
of the sequence comprising the pgRNA. Likely, active
translation from the upstream precore ATG through the
[38]
ε sequence prevents the P-ε interaction . This implies,
in turn, that P binding to ε on the pgRNA interferes with
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translation of the core ORF, and evidence supporting this
view has been forwarded for DHBV[41].
Once pgRNA and P protein are being encapsidated a
second key function of the P-ε interaction is brought to
bear, namely the initiation of reverse transcription. At this
stage the first DNA nucleotide (nt) is covalently linked
to P protein, extended into a complete (-) strand DNA,
and (+) strand DNA synthesis ensues, giving rise to a new
molecule of RC-DNA; the various immature DNA forms
in statu nascendi are termed replicative intermediates, visible
as a broad multiple band pattern in Southern blots from
intracellular DNA.
Completion of reverse transcription before leaving the
cell marks another fundamental difference to retroviruses
which, except for foamyviruses[42], are secreted as virions
containing two copies of RNA; an evolutionary rationale
may be that DNA synthesis in the infected cell allows
hepadnaviruses the intracellular genome amplification
cycle as an alternative to proviral integration for stable
virus genome propagation. Yet another difference is
that hepadnaviral reverse transcription occurs largely,
if not exclusively, in intact nucleocapsids rather than in
retrovirus-like reverse transcription complexes which
typically lack a continuous core shell[43,44].
Although compartmentalization of the genome
amplification process is emerging as a common theme of
several classes of RNA and reverse transcribing viruses[45],
the hepadnaviral strategy appears as an extreme variation,
considering the space restrictions imposed on the
replicating complex inside the geometrically defined capsid
lumen. Either the RT must slide along the entire 3 kb
template, or the template must be pulled through the RT´s
active site; at the same time the nucleic acid is most likely
in contact with the Arg-rich C termini of the core protein
subunits. In fact, capsids from core protein variants lacking
part of this region still package pgRNA but appear unable
to produce full-length RC-DNA; instead they preferentially
reverse transcribe the fraction of spliced genomic
RNAs[46,47]. Phosphorylation/dephosphorylation events at
the S and T residues in the nucleic acid binding domain
clearly accompany genome maturation[48], and mutations
affecting the core phosphorylation status[46,49] can influence
DNA synthesis in various ways. Outside capsids, or in the
absence of core protein, apparently no full-length DNA
can be formed.
Together these observations support the view of the
capsid as a dynamic replication machine. A recent cryo
electron microscopic comparison between recombinant,
bacterial RNA containing capsids and authentic genome
harboring nucleocapsids indeed showed some structural
differences [50] ; a complementar y study on mutant
recombinant cores revealed an enormous flexibility of the
capsid structure[51]. Switching between different structural
states could well be involved in supporting the progress of
DNA synthesis.
The heterogeneous lengths of the (+)-strand DNAs
generated by capsid-assisted reverse transcription may
result from a non-identical supply of dNTPs inside
individual nucleocapsids at the moment of their enclosure
by the dNTP-imper meable envelope. This predicts
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that intracellular cores produced in the absence of
envelopment should contain further extended (+)-DNAs.
Alternatively, space restrictions in the capsid lumen could
prevent (+)-strand DNA completion; in this view, further
(+)-strand elongation after infection of a new cell might
destabilize the nucleocapsid and thus be involved in
genome uncoating.

C is - E L E M E N T S A N D trans A C T I N G
FACTORS ESSENTIAL FOR HEPADNAVIRAL REPLICATION
The absolute requirements for replication are a
template nucleic acid, plus an enzyme that is able to
read the template information and use it for synthesis
of a complementary nucleic acid. Clearly, these basic
components are the pgRNA (and later the (-)-strand
DNA) and P protein. However, generation of a functional
genome also depends critically on precise start and
end points, provided by cis-elements on the template
(Figure 3A); a further specialty of P protein is its strict
dependence, for activity, on cellular factors, namely heat
shock proteins (Hsp´s) or chaperones (see below).
Most initial knowledge on the cis- and trans-factors
involved in hepadnaviral replication was derived by
transient transfection of mutant viral genomes into stable
hepatoma cell lines. This system faithfully mimics several
of the authentic replication steps, however its complexity
precluded elucidation of many mechanistic details. The
recent establishment of in vitro systems, culminating in the
complete in vitro reconstitution of active DHBV replication
initiation complexes from purified components [52-54] ,
overcame these restrictions (see below). It should be
noted, however, that such minimal systems have their own
limitations; for instance, the crucial role of the proper
capsid environment for RC-DNA formation has not
yet been modeled in vitro, and HBV P protein has thus
far proven refractory to in vitro reconstitution of DNA
synthesis activity. Hence which of the two approaches is
more useful depends on the question addressed, and where
ever possible they should be combined.

STRUCTURE OF THE RNA ENCAPSIDATION
SIGNAL e
The best understood cis-element on the hepdnaviral
pgRNA is ε (Figure 4), a stem-loop structure initially
defined as the sequence from the 5´ end of HBV pgRNA
that P-dependently mediated encapsidation of pgRNA,
and also of heterologous transcripts to which it was
fused[55]; later, the P-ε interaction was found to constitute
the first step in initiation of reverse transcription [56-58];
hence ε also acts as the replication origin (Figure 3A).
The hairpin structure of ε (Figure 4A) was confirmed
by secondary structure analyses[59,60], and its importance
was established by following the effects of site-directed
mutants on the packaging efficacy in transfected cells[59-63].
Furthermore, the ε sequence is highly conserved in other
mammalian hepadnaviruses, as well as between different
www.wjgnet.com
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Figure 4 Secondary structures of hepadnaviral e signals. A: HBV e. The entire hairpin, including in the upper stem region, is stably base-paired; formation of a stable
tri-loop, as indicated, is confirmed by direct NMR analysis[68]. The conventional annotation for the loop sequence is high-lighted by grey shading. The bulge-templated
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confirmed by preliminary NMR data. The boxed positions were randomized in a SELEX approach, and P binding individuals were selected from the corresponding RNA
library[71]; C: HHBV e (He). He shows substantial sequence variation to D: (encircled nt), leading to a largely open upper stem structure; D: Generalized secondary structure
of an avihepadnaviral e signal. The scheme summarizes major determinants for productive interaction with P protein[71]. Grey background indicates nt positions that are
probably in contact with protein. The bulge and its immediate vicinity, particularly the tip of the lower stem, are essential for P binding whereas the loop appears critically
involved in the transition to a productive initiation complex[109]. U2590 > C or U2604 > G mutations abrogate, or strongly reduce, P binding whereas G2586 and C2594 do
not affect binding but are important for priming. The major role of the nt termed N may be to provide a proper spacing to the bulge element; their sequence is not important
as long as formation of highly stable base-pairing is prevented.

HBV isolates[64,65]. An illustrating example are the HBV
precore variants in which HBeAg synthesis is prevented by
stop mutations in the ε overlapping precore region. The
only mutations causing this phenotype found in nature are
those which maintain a stable ε secondary structure[66,67].
It should be noted that RNA secondary structure (2D)
analysis provides a mere description of the base-pairing
pattern. Hence a true mechanistic understanding requires
knowledge of the three-dimensional (3D) structure.
The structure of the HBV ε upper stem, recently solved
by nuclear magnetic resonance (NMR) techniques [68],
revealed that the apical loop consists actually of only 3
nt (as in Figure 4A). This analysis is currently extended
to determining the 3D structure of the entire stem-loop,
which seems to form a nearly contiguous double-helix
(S. Flodell, M. Petersen, F. Girard, J. Zdunek, K. KiddLjunggren, J. Schleucher and S. Wijmenga; submitted); of
particular interest will be the structure of the bulge region
which is the template for the first few nt of (-)-DNA
(see below). Thermodynamic calculations as well as
experimental melting curves indicate that the entire HBV
ε structure, including the upper stem, is highly stable.
Notably, however, in DHBV rearranging this structure is
necessary for the RNA to act as a template (see below).
Determining the ε RNA structure in the complex with P
protein is therefore the ultimate, yet demanding, goal.
Despite limited sequence homology to HBV ε, DHBV
[69]
(D
ε ε) has a similar secondary structure with a bulge
and an apical loop (Figure 4B), which suggested that
this structure is a common trait of all hepadnaviruses.
Surprisingly, the corresponding ε signal (Hε) from the
related heron HBV (HHBV) has much reduced base-
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pairing in the upper stem region (Figure 4C), yet it
functionally interacts with DHBV P protein in vitro
whereas HBV ε does not[70].
Selection, from a library of RNAs with partially
randomized upper stems for individuals able to bind
to in vitro translated DHBV P protein (see Cell-free
reconstitution of hepadnaviral replication initiation)
revealed the absence of base-pairing in the upper stem
region as a common theme (Figure 4D)[71]. Some of the
selected P-binding RNAs supported in vitro priming while
others did not, confirming that a productive interaction,
leading to DNA synthesis, requires more than mere
physical binding (see below). Hence for avihepadnaviral ε
signals an open upper stem structure is beneficial for both
physical and productive binding to P; in fact, deliberate
Dε stabilization strongly reduces P binding[71]. This is one
line of evidence that structural reshaping of the upper
stem is a crucial event for initiation of DNA synthesis.
Independent support comes from preliminary NMR and
melting curve data for wt Dε RNA, according to which the
upper stem is the least stable region (F. Girard, O. Ottink, M.
Tessari and S. Wijmenga, to be submitted). This marked
difference to the highly stable HBV ε structure may be
related to the in vitro inactivity of the HBV P protein[72].
The functional consequences of mutations affecting ε
and other recognized cis-elements are discussed in more
detail below. Of note is, however, whereas the HBV ε
stem-loop alone is sufficient to mediate encapsidation of
heterologous RNAs[62,73], DHBV pgRNA encapsidation
requires additional elements. “Region Ⅱ” [74] , several
hundred nt downstream of 5´ ε , and the intervening
sequence [75] may be operative via long-range RNA
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interactions[76]; why a similar element is dispensable for
HBV pgRNA packaging is unclear.
Even HBV ε, however, does not act as a completely
autonomous encapsidation element. The 3´ copy of ε
cannot substitute for 5´ ε in the context of otherwise
authentic pgRNA[77] (although its DHBV counterpart is
useable for DHBV P interaction in in vitro translation;[78]).
Furthermore, 5´ ε mediates encapsidation of heterologous
RNAs only up to a limited distance from the 5´ end (about
65 nt), and seems to require the 5´ cap structure[79]. Hence
the 5´ cap and factors bound to it appear to have a role
in the process, possibly in concert with the 3´ poly-A tail
and its associated cellular proteins[80]; this may explain why
attempts to reconstitute encapsidation by simultaneous
in vitro translation of P and core protein from uncapped,
non-poly-adenylated RNAs in reticulocyte lysate (RL) were
thus far unsuccessful.
An unexplored issue is whether the ε hairpin, or other
base-paired regions on the pgRNA, would be substrates
for cellular dsRNA recognizing systems such as Tolllike receptor 3 (TLR3) or retinoic acid inducible gene I
(RIG-I) which play important roles in innate immune
responses against viral infection [81,82], or for enzymes
involved in processing of cellular hairpin RNAs such as
the microRNA precursors [83]. Direct screens identified
a 65 kDa nuclear protein[84] of unknown sequence and,
more recently, a novel large RNA-binding ubiquitin ligase,
hRUL138 [85] , as potential cellular ε RNA interaction
partners. However, their roles in the viral life-cycle are
not known. Also, any cellular ε-binding factor would have
to cope with the physical sequestration of pgRNA into
nucleocapsids.

P PROTEIN STRUCTURE
The P ORF, covering nearly 80% of the hepadnaviral
genome (Figure 2), has a coding capacity of about 830 aa
for HBV, and about 790 aa for DHBV (Figure 5). There is
no indication for downstream processing of the primary
translation products. In further contrast to retroviruses,
hepadnaviral virions contain probably just one P protein
molecule per particle[86], in line with the covalent linkage to
the genome. In transfected cells, P appears to be produced
in excess, such that most molecules are not capsid
associated[87-89]; they have a short half-life, and are bound
to large cytoplasmic structures; their function, if any, is

Mini-RT2

53

Figure 5 Domain structure of P protein.
A: Authentic DHBV P protein. Numbers
are aa positions for DHBV P protein. The
priming Tyr residue Y96 is indicated; B:
Typical recombinant P protein construct.
For solubility, a heterologous solubility
enhancing domain (SED) such as
NusA, GrpE, or GST is required, and a
short stretch of C terminal aa must be
removed. Deletion of the spacer has
no negative effects on in vitro activity;
C: Mini-RT2. This heavily truncated
recombinant DHBV P protein requires
mild detergent, but no chaperones for
priming activity.

unclear.
Bioinformatic [90] and genetic analyses showed the
presence in all P proteins, of two conserved domains,
namely the polymerase/reverse transcriptase (RT)
domain, and the C-terminal RNase H (RH) domain.
Both are necessary as structural components for pgRNA
encapsidation [73]. An absolutely hepadnavirus-specific
feature is, however, the Terminal Protein (TP) domain
at the N terminus, separated from the RT domain by a
highly variable, and dispensable, spacer[91]. TP was first
identified as the (-)-DNA linked protein[92] and later was
shown to provide a specific Y residue to which the first nt
of the (-)-DNA becomes covalently linked (Y96 in DHBV
TP;[93,94]; Y63 in HBV TP[95]).
At present, no direct structural information on any
hepadnaviral P protein is available although homologybased models for the RT [96] and RH domain [97] have
been proposed. The RT model is in accord with drug
resistance data, and it is supported by mutational analysis
of the putative dNTP pocket of DHBV P protein where
a single aromatic residue (F451) was shown to have a
homologous role in dNTP versus rNTP discrimination as
Y115 in HIV-1 RT[98]; replacement of the bulky F451 by
smaller residues conferred to the protein a low but clearly
detectable RNA polymerase activity. However, outside
the active site the accuracy of the modeled structure is
unknown. Hence direct structure determination of the RT
and RH domains remains a major objective.
This holds even more for the TP domain, which shares
no significant sequence similarity to any other protein in
the data base, not even to the few other terminal proteins
involved in viral genome replication, such as the VPg in
picornaviruses[99], or the terminal proteins of adenovirus[100]
and the bacteriophage φ 29 [101] ; moreover, those TP
proteins are not covalently linked to their polymerases.
Structure determination requires a source for sufficient
amounts of pure, soluble protein which proved to be
immensely difficult for P protein. Eventually, this problem
was partly overcome by slight modifications in the primary
sequence of DHBV P and particularly by adding solubility
mediating fusion partners such as GrpE, NusA, or
GST[53,102,103]. However, although such fusions (Figure 5B)
display activity (see below) they appear to be present as
“soluble aggregates” which are unsuited for crystallization.
Particularly TP, when expressed in E. coli, is completely
insoluble on its own, mostly due to a hydrophobic region
www.wjgnet.com
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in the C terminal part. By selection from a pool of TP
variants with random mutations we could isolate several
TP variants, harboring fewer hydrophobic residues in this
region, as monodispersely soluble proteins (J. Beck and M.
Nassal, unpublished data). Interestingly, the same region
was recently implicated to contain a molecular contact site,
possibly for the RT domain[104], as suggested by the ability
of separate TP and RT/RH domains to trans-complement
each other [53,95,105] . Since replacing several conserved
hydrophobic regions at a time may affect TP function
the challenge will be to find, for crystallization, mutants
that combine solubility with functional activity. However,
being at the heart of hepadnaviral replication, solving the
structure of TP is one of the big current challenges.

CELL-FREE RECONSTITUTION OF
HEPADNAVIRAL REPLICATION INITIATION
Cell-free systems are inherently much more manipulatable
than intact cells. The first such system to investigate the
mechanism of hepadnaviral reverse transcription was
based on the observation that DHBV P protein, in vitro
translated in rabbit RL, became radioactively labeled when
the translation reaction was supplied with α32P-dNTPs[78]as expected if the initial step of reverse transcription, i.e.
covalent attachment of the first nucleotide to P protein,
had occurred (“in vitro priming”; Figure 3B). In fact, the 3´
copy of Dε present on the P protein mRNA was shown
to be the template for limited elongation; the role of ε,
though only the 5´ copy, as authentic genome replication
origin was confirmed for DHBV [56,57], and finally also
HBV[58].
The in vitro translation system has been used extensively
to functionally analyze P protein as well as Dε mutants,
particularly because D ε can be added as a separate
short RNA covering just the hairpin structure ("transpriming"). Human HBV P protein and ε, however, show
no enzymatic activity in this setting.

THE P-e COMPLEX: DETERMINANTS FOR
BINDING, PRIMING AND ENCAPSIDATION
A first - though not the only-requirement for a productive
P-ε interaction is specific binding. In many RNA-protein
interactions, structural diversity and hence specificity is
achieved by deviations from a fully base-paired doublehelical structure[106], e.g. by interspersed single-stranded
bulges and loops. Indeed, the Dε bulge structure (but not
its actual sequence, unless it affects structure) is absolutely
necessary for P binding. Mutants in the upper stem (see
Figure 4B) which favor stable non-bulged structures do
not bind to P [70]. Similarly critical is the sequence and
structure at the junction between the lower stem and the
bulge: Mutation of the unpaired U2604 opposite the bulge
to G substantially reduced binding (and nearly abolished
priming)[71]. At the tip base-pair of the lower stem, base
identity of G2605, but not base-pairing itself, is important;
in addition, most ribose residues in Dε could be replaced
by deoxyribose residues, except in the two top base pairs
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of the lower stem and in the bulge residue templating the
first nt of (-)-DNA[107]. Hence this small region contains an
essential base- and backbone dependent determinant for
P-interaction (Figure 4D), likely because it forms, together
with the bulge, a distinct three-dimensional recognition
surface for P protein.
In the apical loop, various mutations had no drastic
effects on P binding, suggesting the loop is not principally
required for complex formation (though probably involved
in forming a priming competent structure; see below). An
exception is U2590 replacement of which by C abrogated
binding[70,108]. However, deletion of this residue did not
affect binding, and the negative effect of the U2590C
mutation was partially rescued by an additional G to A
mutation at the neighboring position 2589[61]. A direct 3D
structure comparison between wild-type D ε , currently
underway (S.S. Wijmenga, personal comm.), and the
U2590C mutant RNA may help to explain this complex
phenotype.
The existence of Dε RNA variants which bind P but
have a much reduced or no template activity indicated
that a productive P- ε interaction requires more than
binding[61,70,71]. 2D structure comparisons of free versus P
bound RNAs provide compelling evidence that the ability
of an RNA to undergo a specific conformational shift is
such a decisive additional feature[109]. Several base-paired
nt in the upper stem of Dε become highly accessible to
nucleases once bound to P; similar changes are not seen
with priming-deficient variants. Hence it is likely that the
RNA, after an initial binding step, must experience an
induced-fit alteration into a new structure, and that only
this is usable as a template. Non-productive complexes,
by contrast, appear to be trapped at the initial binding
stage. Foot-printing analysis further revealed that in
productive, but not non-productive, complexes the 3' half
of the loop plus 3´ adjacent nt are protein bound, as are
the unpaired U opposite the bulge and the nt at the tip
of the lower stem (Figure 4D). Hence although the loop
nucleotides may not be strictly required for initial binding,
they probably provide a protein binding site that becomes
crucial in the transition to a priming-active complex.
Also P protein undergoes structural alterations in this
process. Proteolysis of in vitro translated DHBV P protein
yielded a distinct proteolytic fragment only in the presence
of priming-competent but not priming-inactive RNA
variants[108,110]. Hence RNA and P protein mutually alter
each others conformation, likely to properly arrange the
ε template region and the priming Y residue of TP in the
active site of the RT domain.
Notably, of the various P binding RNAs only those
that are priming-active also support pgRNA encapsidation.
Hence the abilities to initiate reverse transcription, to
package pgRNA, and to adopt a distinct RNA-P protein
complex conformation appear strictly coupled. In effect,
this represents a quality control mechanism ensuring that
only RNAs suitable as templates for reverse transcription
are packaged. The current methods to analyze these
replication-relevant str uctural changes have a very
limited resolution; ultimately, biophysical examination
of a priming-active complex will be required, and its
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undergo induced-fit rearrangements in the RNA and the protein, enabling them to initiate DNA synthesis upon dNTP addition (4). Several De variants bind P but do not act
as template; most likely they are trapped at stage (3). The same may hold for human HBV P protein complexes with HBV e RNA.

comparison with non-productive complexes should be
most revealing. However, several significant obstacles will
have to be overcome for this approach, not the least being
the strict dependence of DHBV P protein activity on
additional cellular factors (see below).
This holds even more for active initiation complexes
of human HBV. Insect cell expressed HBV P exerted a
low but clearly detectable polymerase activity, with part
of the DNA products covalently linked to TP as expected
from authentic initiation[111]. The system revealed some
important features, such as the priming role of Y63 in
HBV TP[95], trans-complementation between TP and RT/
RH domains[95], and even some nucleocapsid formation by
co-expression of core protein[112]. Disturbingly, however,
various of these activities were not strictly ε dependent,
and they could not be reconstituted after (partial)
purification of the P protein. Whether insect cells contain
some RNA that can substitute for ε has not been clarified.
In vitro translated HBV P protein shows no priming activity
in reticulocyte lysate and not even in lysates from Huh7
cells (J. Beck and M. Nassal, unpublished data) which
support replication when transfected with HBV. Recently,
however, Hu et al [72] reported a partial but important
progress in that they were able to demonstrate specific
binding-though not priming-for HBV P and ε in an in vitro
reconstitution system (see next paragraph).

In vitro RECONSTITUTION OF REPLICATION INITIATION FROM PURIFIED
COMPONENTS
One aspect for in vitro translation of P protein was, at the
time, the lack of alternative ways to recombinantly produce
the protein. Surprisingly, wheat germ extract versus rabbit
RL translated DHBV P protein had a much reduced
priming activity, suggesting the mammalian RL provided
additional essential factors [113]. These turned out to be
cellular chaperones, which are abundantly present in RL.
Apart from Hsp60 chaperonins[114] (GroEL in bacteria),
Hsp70 (DnaK in bacteria) and Hsp90 constitute the major
chaperone systems. Hsp70 assists folding of many newly

synthesized polypeptides, refolding of misfolded proteins
resulting, e.g., from heat-shock, and protein translocation
through membranes[115-117]. Hsp90 has also broad but more
specialized folding functions[118], usually if not exclusively
in concert with Hsp70; the two systems are linked via
the Hsp70/Hsp90 organizing protein Hop. By analogy
to the activation of nuclear hormone receptors[119] it was
proposed that Hsp90 plus its small co-chaperone p23
are the essential factors for P protein activation [113,120].
However, the complex overall composition and the
high chaperone content of RL compared to the minute
amounts of P protein precluded a clear-cut distinction.
This was overcome when DHBV P protein became
accessible in larger quantities by expressing, in E. coli,
slightly modified variants [53,102], in particular as fusions
with solubility enhancing heterologous domains (Figure
5B). Such recombinant P proteins could now be added to
the RL system and showed activity. Finally, because the
translation function of RL was not required any longer, it
became possible to systematically analyze the chaperone
requirements for P protein activation with purified
individual components.
In this way we could demonstrate that DHBV P can
efficiently be activated in vitro by Hsp40 and Hsp70 plus
ATP as an energy source, without the need for Hsp90
or other cofactors [54]. The primary reaction product is
an RNA binding-competent form of P protein (P*)
that decays quickly in the absence of ε RNA but, in its
presence, accumulates in an initiation-competent form
(Figure 6).
Maintaining P in its activated P* form requires a
constant supply of ATP[54], and the same holds for the
general folding activity of Hsp70[117]. This suggested that
P activation represents a special form of Hsp70 mediated
folding in which the chaperone, rather than helping P
from an unfolded into a stable folded state, affects the
equilibrium between the inactive P ground state and the
metastable activated P* form. Of note, bacterial DnaK has
been shown to interact, physiologically, with a few folded,
as opposed to misfolded, proteins such as the transcription
factor σ32[121,122].
Hsp70 chaperoning is a cyclic ATP-driven process[117].
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Hsp70 binds ATP and in this form exerts low affinity to
folding substrates (Figure 6, left). ATP hydrolysis then
generates the high affinity Hsp70/ADP form. In the
presence of substrate, the weak Hsp70 ATPase activity
is stimulated up to 1000 fold by Hsp40 and related
J-domain proteins (named after the prototypic E. coli
Hsp40, DnaJ;[123]), explaining the important role of Hsp40.
Initiating a new folding cycle requires reconversion of
Hsp70/ADP into Hsp70/ATP, i.e. replacement of the
bound ADP by fresh ATP; otherwise Hsp70 would be
trapped and not be available for acting on new substrate
molecules. Spontaneous nt exchange is slow but strongly
enhanced by nucleotide exchange factors (NEFs). This
predicted that addition of BAG-1, an established NEF
of Hsp70[124], to the minimal in vitro reconstitution system
should enhance the formation of P* molecules. Indeed, we
observed a strong BAG-1 dependent increase in primingactive P molecules, but not with a BAG-1 mutant unable to
interact with Hsp70. Hence ADP-ATP exchange on Hsp70
is the rate limiting step in the in vitro priming reaction (M.
Stahl, M. Retzlaff, M. Nassal and J. Beck, submitted). A
working model for the Hsp40/Hsp70 activation of DHBV
P protein is shown in Figure 6.
Though these data are clear-cut, Hu and colleagues,
using a similar experimental set-up though a different
(i.e. GST) DHBV P fusion protein, reported that in their
in vitro system P activation was strictly dependent on the
additional presence of Hsp90 and the Hsp70/Hsp90
adaptor protein Hop, with the Hsp90 co-chaperone p23
enhancing the reaction rate[52].
In our system, Hop and Hsp90 do have a stimulatorybut not an essential-effect (in a similar range as BAG-1),
particularly at low P protein concentrations. In addition,
the specific nature of the Hsp40 used can affect activation
efficiency. Eukaryotic cells contain numerous Hsp40-like
(or J-domain) proteins[125]; all contain the about 70 aa long
J-domain which mediates interaction with Hsp70. Hsp70
activation of P protein appears to proceed selectively
with the Hdj1 variant of Hsp40 but not Hdj2 or its yeast
homolog Ydj1. With Ydj1, Hop and Hsp90 may become
essential for detectable activation. Why different Hsp40s
have different effects is currently unclear because all
Hsp40s can stimulate the Hsp70 ATPase activity; however,
there are different ways of how a substrate can enter the
folding complex: either it is bound directly by Hsp70, or
it is presented to Hsp70 by the Hsp40-like protein [123].
Therefore, the various additional domains present in
different J-domain proteins could effect the formation of
P* via different pathways. Hence in summary, P activation
in vitro is fundamentally dependent on Hsp70/Hsp40 but
can be enhanced by additional factors, including Hop/
Hsp90.
Interestingly, the strict chaperone dependence of
DHBV P protein activity was relieved by an extensive C
terminal truncation that removed the entire RH domain
and some 75 aa from the RT domain; the only requirement
for priming activity (though restricted to the very first
DNA primer nt) of this truncated Mini-RT 2 protein
(Figure 5C) was the presence of mild detergent[126]. This
suggests that in full-length P protein C terminal parts
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somehow block the ε RNA binding site, and that this
occlusion is removed by the chaperone action[102,127].
Where exactly the chaperones bind to P and which
conformational rearrangements they induce is unclear.
Using in vitro translated DHBV P protein in RL Tavis et
al[110] noted the ε-dependent generation of a papain- and
trypsin-resistant fragment covering mainly the RT domain.
Taking advantage of the simple, defined composition
of the in vitro reconstitution system we could directly
investigate the effects of Hsp40 and Hsp70 on P protein
conformation. Limited V8 protease digestion revealed
specific chaperone- and ATP-dependent cleavages in the
C terminal part of TP (between aa 164 and 199). Hence
this TP region is inaccessible in non-activated P protein
but becomes exposed in P* (M. Stahl, J. Beck and M.
Nassal, unpublished data). The functional relevance of this
conformational alteration is supported by its correlation
with the ability of P to bind ε RNA, and the shielding of
the same region from protease attack as long as the Dε RNA
is bound; furthermore, the larger fragment encompasses
two residues, K182 and R183, which are essential for RNA
binding. These data support the model shown in Figure
6. Inclusion of Hop and Hsp90 in this assay should now
allow one to monitor whether these, or additional factors,
have differential effects on P conformation, or whether
they mainly stabilize the changes already established by
Hsp40/Hsp70.
Extending the scope of the in vitro reconstitution
system, Hu and colleagues recently demonstrated that
specific binding to ε by the human HBV P protein also
appears to be controlled by cellular chaperones[72,128]. On
the ε RNA side, the region immediately surrounding the
bulge was essential but the apical loop was not. This was
surprising given that the loop is essential for pgRNA
encapsidation and initiation of replication in intact cells.
However, in light of the above described DHBV data,
it may just be a drastic manifestation that mere physical
binding is not sufficient for a productive interaction; this
is further supported in that only about half the P protein
sequence was required for RNA binding, with even the
catalytic YMDD motif being dispensable. Apparently,
the crucial second step, which in Dε involves rearranging
the upper stem and the loop, does not occur in the
reconstituted HBV P protein-ε complexes, possibly due
to the high stability of this region in HBV ε . Finding
conditions under which HBV P protein exerts authentic
ε-dependent in vitro priming-activity remains therefore
another major challenge in HBV biology.

IMPORTANCE OF CHAPERONES FOR
HEPADNAVIRUS REPLICATION IN INTACT
CELLS
Both the Hsp70 and the Hsp90 chaperoning activities are
subject to regulation by a multitude of co-chaperones[117,129].
Hence which of the in vitro reconstitutable processes is
the relevant one inside cells is not trivial to address, in
particular because the chaperones are crucial for very
many fundamental and regulatory cellular processes. For
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instance, geldanamycin (GA), an inhibitor of Hsp90,
strongly interfered with DHBV replication in transfected
cells at a concentration of 10 ng/mL whereas significant
reduction of the in vitro priming activity required much
higher concentrations[113]. Therefore, the antiviral effect
in cells might be indirect, perhaps via one of the cellular
kinases that are regulated by Hsp90[130]. Such effects on
the cell make it also difficult to imagine that chaperone
inhibitors could therapeutically be used against HBV
infection without causing severe adverse effects. That
GA analogs, nonetheless, exert tumor-specific therapeutic
value[131] is probably due to the selective presence, in cancer
cells, of Hsp90 in a high GA affinity state[132]. Whether this
also holds for HBV infected cells is not known.
Various additional chaperones have, in part indirectly,
been implicated in affecting P protein, for instance
Hsp60[133-135] and the Hsp90 family member GRP94[136];
however, GRP94 is an endoplasmic reticulum (ER)
resident protein for which a role in P protein activation
is difficult to imagine. Overexpression of p50/cdc37, a
co-chaperone of Hsp90 involved in activation of several
signal transduction kinases, stimulated DHBV replication
in transfected cells and a dominant negative mutant of
p50/cdc37 inhibited DHBV P protein priming in vitro[137].
Again, the physiological relevance of these observations
remains to be confirmed.
One possible solution would be to map the contact
sites of the various chaperones on P protein using
biochemical and biophysical methods, and then to generate
P mutants with specific interaction defects. Monitoring
their replication phenotypes in transfected, or better in
infected, cells should then allow to narrow down which of
the various reported interactions are truly significant for
virus propagation in vivo.
Though we have stressed the uniquely strict chaperonedependence of hepadnaviral P protein activation, there
is accumulating evidence that other polymerases are also
affected by chaperones. Probably the closest analogy
exists to telomerase, the cellular reverse transcriptase that
maintains chromosome end integrity[138,139]. However, also

the DNA polymerase of Herpes simplex virus[140], and the
RNA polymerases of flock house virus[141] and influenza
virus appear to require chaperone assistance[142,143]. Closely
watching progress in those areas might also provide clues
as to the mechanism of chaperone-assisted hepadnavirus
replication; however, for polymerases without a similarly
sophisticated protein-primed initiation mode the
chaperones could act at rather different levels.

DNA PRIMER TRANSLOCATION AND
(-)-DNA COMPLETION
In contrast to initiation, the subsequent steps for RCDNA formation are currently not amenable to in vitro
analysis, and they appear intimately related to the proper
environment of intact nucleocapsids. Hence reverse
genetics is still the most rewarding approach to address
these equally puzzling and complex events.
The initial model of hepadnaviral (-)-DNA formation
assumed that synthesis would start inside the 3´ copy
of DR1 (DR1*), for HBV at the motif 5´ UUCA. As
discussed above, the complementary sequence 3´ AAGT at
the 5´ end of (-)-DNA is instead copied from the UUCA
motif in the ε bulge (Figure 7A). Hence the oligonucleotide
bound to TP must specifically be translocated to the
3´ DR1*, nearly 3 kb apart from 5´ ε. Given that there
are about 20 further UUCA motifs on the pgRNA, and
that even fewer than 4 nt of identity between the template
region in ε and the target site in DR1* are sufficient for
specific transfer[58], additional elements ensuring proper
translocation must be operating. One model is that DR1*
and 5´ ε are brought into close proximity (Figure 7B). A
general mechanism would be closed-loop formation of the
pgRNA via cellular proteins such as elongation initiation
factor 4G (eIF-4G) which links 5´ cap and 3´ poly-A
binding proteins[80]. A recent more specific model is a longrange RNA interaction between ε and a new cis-element
("φ" or "β5") slightly upstream of DR1* that is involved in
proper (-)-DNA synthesis[144-146]; it contains a sequence that
www.wjgnet.com
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Figure 8 RC-DNA formation. A: (-)-DNA completion. The
DNA primer, still linked to TP, is extended from DR1* to the
5´ end of pgRNA. The RNA is simultaneously degraded by
the RH domain, except for its capped 5´ terminal region
including 5´ DR1; the fate of the poly-adenylated 3´ end
is unclear; B: RNA primer translocation (second template
switch). The RNA primer translocates to DR2, and is
extended to the 5´ end of (-)-DNA. 3´ r and 5´ r denote
an about 10 nt redundancy on the (-)-DNA. As above,
several cis-elements appear to promote close proximity
of the DR1 donor and the DR2 acceptor, as schematically
indicated in the right hand figure; C: Circularization (third
template switch). Having copied 5´ r, the growing 3´ end
of the (+)-DNA switches to 3´ r on the (-)-DNA, enabling
further elongation. This reaction must involve juxtaposition
of 5´ r and 3´ r. For easier comprehension, the switch is
also depicted on the basis of the representation shown on
the right of Figure 8B; both are topologically equivalent; D:
RC-DNA. Extension on the (-)-DNA template creates a set
of (+)-DNA strands of various length; E: Double-stranded
linear (dsL) DNA. This minor DNA form originates when
the RNA primer, having failed to translocate to DR2, is
extended from its original position ("in situ priming").
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is partially complementary to the 5´ half of ε. Mutations
affecting the base-pairing potential between the two
sequences can, indeed, influence the efficiency of (-)-DNA
synthesis[147]. Exactly how an ε-φ interaction would aid in
primer translocation is unclear because base-pairing would
simultaneously affect the proper ε structure, implying
some temporal regulation. Similar φ elements have been
proposed to be present in the other hepadnaviruses[146];
for DHBV we noted, however, that D ε mutants with
reduced potential base-pairing to the supposed φ element
showed no obvious (-)-DNA synthesis defects ([71] and K.
Dallmeier, B. Schmid and M. Nassal, unpublished data).
The primer translocation process must also involve
remodeling of the P-ε complex; the priming Y residue of
TP must give way to the growing DNA oligonucleotide,
then ε must be replaced by DR1* as the template. Hence P,
like other protein-priming polymerases, must have distinct
initiation and elongation modes. The recently solved
structure of the bacteriophage φ 29 DNA-dependent
DNA polymerase with its (separately expressed) terminal
protein[101] gives an impression of the dynamic changes that
have to occur. φ29 uses for protein priming an S residue in
one of three distinct TP domains. In the initiation mode,
the priming domain mimics the primer-template nucleic
acid that occupies the same site during elongation. The
initiation reaction continues until 6 to 10 nt have been
attached; at this time the priming domain is pushed out
of the polymerase´s active site, marking the transition to
elongation mode. Similar events must happen in P protein.
Notably, initiation of φ29 replication does not start at the
very terminal template nt; rather the (identical) penultimate
www.wjgnet.com

DR1*

nt is copied. Next, the copied nt slips back to the terminal
template position, and the penultimate nt is copied again;
adenovirus uses a similar mechanism [100]. Interestingly,
such slip-back and re-copying can also occur with HBV
P protein on mutant ε templates[58]. A full understanding,
however, will obligatorily require high resolution structural
data on the hepadnaviral replication complex.
Notably, the single-stranded (-)-DNA is an intermediate
that, as in retroviral replication, could be a target for
cytidine deamination, and consequently inhibition of
replication, by APOBEC enzymes[148]. APOBEC3G, one
of several family members, has indeed been reported
to interfere with HBV replication [149] , however, the
mechanism does not involve editing[150]. Also, expression
of the corresponding APOBEC mRNA is low in hepatic
cells, although it might be inducible[151]. Further research is
needed to clarify whether any of the APOBEC enzymes
is genuinely involved in the innate response against
HBV infection. At any rate, sequestration into intact
nucleocapsids of this potentially vulnerable single-stranded
DNA replication intermediate may be an efficient counterdefense of HBV.

(+)-STRAND DNA SYNTHESIS AND
CIRCULARIZATION
The end product of (-)-DNA synthesis is a unit length
DNA copy of the pgRNA from its 5´ end to, in HBV, the
UUCA motif in the 3´ DR1* (Figure 8A); hence it contains
a small, about 10 nt, terminal redundancy (“r”). Most of
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the pgRNA template is degraded concomitantly to (-)-DNA
synthesis by the RNase H domain of P. The fate of the
non-copied 3´ end of the pgRNA from DR1* to the polyA
tail is not exactly known. It seems to be underrepresented
in the packaged RNA, both in DHBV[152], and in HBV
with mutations in the nucleic acid binding domain of the
core protein[46]. Whether some of these 3´ ends are never
completely encapsidated, or whether they dissociate out of
the capsid, has not yet conclusively been shown.
Well established is, however, that the 5´ terminal
about 15 to 18 nt of the pgRNA including the 5´ DR1
sequence are spared from degradation, probably because
the active site of RH is halted at this distance when the
RT domain reaches the template 5´ end[153]. This capped 5´
RNA oligo is essential as primer for (+)-DNA synthesis.
Extension of the RNA from its original position (“in
situ priming”) gives rise to a double-stranded linear (dsL)
DNA (Figure 8E) which occurs to a small percentage in all
hepadnaviruses[154]. Lacking the core promoter/enhancer
for pgRNA translation upstream of the pgRNA start site it
is unsuited for virus propagation but may be of pathogenic
potential[155]. For RC-DNA formation, the RNA primer
must be transferred to the 3´ proximal DR2 (Figure
8B); pgRNAs with improper 5´ ends, not containing the
DR1 sequence in the RNA primer, fail to undergo this
essential second template switch. Why the RNA primer
predominantly jumps to DR2 although its complementarity
to the initial site is larger (more than 15 versus 11 or 12
nt) is not obvious. An interesting explanation has been
proposed for DHBV, according to which burying part of
the 5´ DR1 sequence in a competing intramolecular hairpin
structure effectively shortens the sequence available for
hybridization with the RNA primer[156].
From its new location on DR2 the RNA primer is
extended towards the P bound 5´ end of the (-)-DNA,
including the 5´ r redundancy. Further elongation requires
a third template switch, i.e. circularization (Figure 8C). In
effect, the growing (+)-DNA end is transferred from 5´ r
to 3´ r on the (-)-DNA template from where it can further
be extended to yield RC-DNA (Figure 8D).
Though sequence identity between 5´ r and 3´ r is
important, additional cis-elements are again required
to ensure efficient RNA primer translocation and
circularization. Using quantitative genetic techniques, the
Loeb laboratory has defined, mostly in DHBV, several
such cis-elements on the (-)-DNA[144,156-161], e.g. 3E, M, and
5E, which are located at both termini and in the middle
of pgRNA. Collectively, these data provide evidence that
these cis-elements, via long range base-pairing, allow for
a close juxtaposition of the corresponding donor and
acceptor sites, and thus facilitate the proper template
switches (Figure 8B, right panel). How this is achieved
inside the replicating nucleocapsid is not easily envisaged.
Also, we noted that chimeric heron-duck HBVs are less
sensitive than DHBV to reduced base-pairing in some of
these elements (K. Dallmeier and M. Nassal, unpublished).
There is evidence, however, that similar potentially basepairing cis-elements are present in human HBV[144, 162] and
assist in circularization (E. Lewellyn and D.D. Loeb, pers.
comm.).
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Hence intramolecular base-pairing is probably an
important mechanism that ensures proper shaping of
the viral genome for the various template switches that
eventually yield RC-DNA. More details than is possible
to show here can be found in informative schematic
representations in references[144,160].

CONCLUSIONS AND PERSPECTIVES
Since the original discovery that hepadnaviruses replicate
through reverse transcription numerous novel and unique
aspects of the replication process have been unraveled by
using reverse genetics in transfected cells. Indisputably,
this system will continue to be an important tool in future
HBV research; in some cases because even a cancerderived stable cell line mimics many aspects of the
complex natural environment for viral replication, allowing
to look into the interplay between virus replication and
cellular networks by genomics and/or proteomics; in
others because we have currently no alternative due to
the complexity of the interactions between the viral
components themselves. An example is the control of the
various template switches during RC-DNA generation by
long-range nucleic acid interactions which apparently can
only occur, and be monitored, in the context of assembled
nucleocapsids.
For a mechanistic understanding, however, cell-free
systems are indispensable. Two striking examples for
their power are the discovery of the replication origin
function of ε and the chaperone-dependence of P protein
activation; both would have gone unnoticed for a long
time without the in vitro translation system. To disentangle
these multifactorial processes on the molecular level,
in vitro reconstitution from purified components is the
approach of choice. Despite the bewildering complexity of
the chaperoning systems, it will now be possible, starting
from relatively simply composed systems, to systematically
add-in additional factors and monitor their contributions
to P protein activation; this should, inter alia, help answer
the pressing question why human HBV P protein shows
no enzymatic activity under conditions where its DHBV
counterpart is active. An in vitro activity assay for HBV
P protein would also be an important screening tool for
better HBV antivirals. Similarly rewarding should be the
development of in vitro systems that address other steps of
the viral replication cycle, foremost perhaps inclusion of
the core protein into the now available replication initiation
systems.
Ultimately, structural biophysics needs to enter the
field. At this time the HBV core protein, without its
nucleic acid binding domain, is the only hepadnavirus
component for which a high resolution structure is
available[163]. Fortunately, 3D structural analyses of the ε
element are well underway, and at least individual domains
of the P protein may become amenable to direct structure
investigations. The most exciting, though also most
challenging aim given its multifactorial composition, will
be to obtain high resolution data for the P protein-ε RNA
complex, caught in the act of DNA synthesis. However,
the relevance of any such biophysical and biochemical
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data will have to be corroborated in the context of the
complete virus replication cycle, whenever possible in an
in vivo setting.
Finally, although the complex interactions between
viral, and viral and cellular, components may seem of
foremost interest for basic HBV biology, they also hold the
keys for novel, and more efficacious therapies of chronic
hepatitis B. The few currently approved anti-HBV drugs
are all nucleos(t)idic inhibitors of the reverse transcriptase.
Their long-ter m efficacy is limited by the virtually
unavoidable emergence of resistant HBV variants[30]; any
new compounds with the same mechanism of action
will also face this problem, which will be aggravated by
cross-resistance, particularly against different analogs
of the same natural nucleotide. Each of the steps in the
HBV replication cycle that is now being elucidated in
molecular detail provides new, unconventional targets
for interference. Replication initiation alone depends on
many specific interactions, including the TP and RT/RH
domains of P protein, ε RNA, and different chaperones.
Blocking any of these interactions, e.g. by small molecules
binding to, and altering the structure of ε or preventing
chaperone binding to P, would abolish reverse transcription
by mechanisms entirely different from that of nucleoside
analogs. Knowledge of the 3D structure of P would allow
to design better nucleosidic as well as non-nucleoside
inhibitors, and additional opportunities will certainly
arise once the process of cccDNA formation is better
understood. Especially in combination with conventional
antivirals, such potential new drugs should greatly increase
the chances for curing, rather than just controlling, chronic
hepatitis B.

REFERENCES
1
2
3
4

5

6
7
8
9

10
11

Nassal M, Schaller H. Hepatitis B virus replication. Trends
Microbiol 1993; 1: 221-228
Nassal M, Schaller H. Hepatitis B virus replication--an update.
J Viral Hepat 1996; 3: 217-226
Nassal M. Hepatitis B virus replication: novel roles for virushost interactions. Intervirology 1999; 42: 100-116
Nassal M. Macromolecular interactions in hepatitis B virus
replication and particle formation. In: Cann AJ, ed. Frontiers
in Molecular Biology: DNA virus replication. Oxford: Oxford
University Press, 2000: 1-40
Ganem D, Schneider R. Hepadnaviridae: The Viruses and
Their Replication. In: Knipe DM, Howley PM, eds. Fields
Virology. 4th ed. Philadelphia: Lippincott Williams & Wilkins,
2001: 2923-2969
Seeger C, Mason WS. Hepatitis B virus biology. Microbiol Mol
Biol Rev 2000; 64: 51-68
Schultz U, Grgacic E, Nassal M. Duck hepatitis B virus: an
invaluable model system for HBV infection. Adv Virus Res
2004; 63: 1-70
Summers J, Mason WS. Replication of the genome of a
hepatitis B--like virus by reverse transcription of an RNA
intermediate. Cell 1982; 29: 403-415
Protzer U, Nassal M, Chiang PW, Kirschfink M, Schaller H.
Interferon gene transfer by a hepatitis B virus vector efficiently
suppresses wild-type virus infection. Proc Natl Acad Sci USA
1999; 96: 10818-10823
Sun D, Nassal M. Stable HepG2- and Huh7-based human
hepatoma cell lines for efficient regulated expression of
infectious hepatitis B virus. J Hepatol 2006; 45: 636-645
Ren S, Nassal M. Hepatitis B virus (HBV) virion and

www.wjgnet.com

12
13

14

15

16

17
18

19

20

21

22
23

24

25
26
27

28

29

January 7, 2007

Volume 13

Number 1

covalently closed circular DNA formation in primary tupaia
hepatocytes and human hepatoma cell lines upon HBV
genome transduction with replication-defective adenovirus
vectors. J Virol 2001; 75: 1104-1116
Isom HC, Abdelhamed AM, Bilello JP, Miller TG. Baculovirusmediated gene transfer for the study of hepatitis B virus.
Methods Mol Med 2004; 96: 219-237
Köck J, Schlicht HJ. Analysis of the earliest steps of
hepadnavirus replication: genome repair after infectious entry
into hepatocytes does not depend on viral polymerase activity.
J Virol 1993; 67: 4867-4874
Köck J, Nassal M, MacNelly S, Baumert TF, Blum HE, von
Weizsäcker F. Efficient infection of primary tupaia hepatocytes
with purified human and woolly monkey hepatitis B virus. J
Virol 2001; 75: 5084-5089
von Weizsäcker F, Köck J, MacNelly S, Ren S, Blum HE,
Nassal M. The tupaia model for the study of hepatitis B virus:
direct infection and HBV genome transduction of primary
tupaia hepatocytes. Methods Mol Med 2004; 96: 153-161
Köck J, Baumert TF, Delaney WE, Blum HE, von Weizsäcker F.
Inhibitory effect of adefovir and lamivudine on the initiation
of hepatitis B virus infection in primary tupaia hepatocytes.
Hepatology 2003; 38: 1410-1418
Guidotti LG, Matzke B, Schaller H, Chisari FV. High-level
hepatitis B virus replication in transgenic mice. J Virol 1995; 69:
6158-6169
Raney AK, Eggers CM, Kline EF, Guidotti LG, Pontoglio M,
Yaniv M, McLachlan A. Nuclear covalently closed circular
viral genomic DNA in the liver of hepatocyte nuclear factor 1
alpha-null hepatitis B virus transgenic mice. J Virol 2001; 75:
2900-2911
Takehara T, Suzuki T, Ohkawa K, Hosui A, Jinushi M, Miyagi
T, Tatsumi T, Kanazawa Y, Hayashi N. Viral covalently closed
circular DNA in a non-transgenic mouse model for chronic
hepatitis B virus replication. J Hepatol 2006; 44: 267-274
Zhu Y, Yamamoto T, Cullen J, Saputelli J, Aldrich CE, Miller
DS, Litwin S, Furman PA, Jilbert AR, Mason WS. Kinetics of
hepadnavirus loss from the liver during inhibition of viral
DNA synthesis. J Virol 2001; 75: 311-322
Bock CT, Schwinn S, Locarnini S, Fyfe J, Manns MP,
Trautwein C, Zentgraf H. Structural organization of the
hepatitis B virus minichromosome. J Mol Biol 2001; 307:
183-196
Tuttleman JS, Pourcel C, Summers J. Formation of the pool of
covalently closed circular viral DNA in hepadnavirus-infected
cells. Cell 1986; 47: 451-460
Wu TT, Coates L, Aldrich CE, Summers J, Mason WS. In
hepatocytes infected with duck hepatitis B virus, the template
for viral RNA synthesis is amplified by an intracellular
pathway. Virology 1990; 175: 255-261
Addison WR, Walters KA, Wong WW, Wilson JS, Madej
D, Jewell LD, Tyrrell DL. Half-life of the duck hepatitis B
virus covalently closed circular DNA pool in vivo following
inhibition of viral replication. J Virol 2002; 76: 6356-6363
Ganem D, Prince AM. Hepatitis B virus infection--natural
history and clinical consequences. N Engl J Med 2004; 350:
1118-1129
Summers J, Smith PM, Horwich AL. Hepadnavirus
envelope proteins regulate covalently closed circular DNA
amplification. J Virol 1990; 64: 2819-2824
Zhang YY, Zhang BH, Theele D, Litwin S, Toll E, Summers
J. Single-cell analysis of covalently closed circular DNA copy
numbers in a hepadnavirus-infected liver. Proc Natl Acad Sci
USA 2003; 100: 12372-12377
Zhang YY, Theele DP, Summers J. Age-related differences in
amplification of covalently closed circular DNA at early times
after duck hepatitis B virus infection of ducks. J Virol 2005; 79:
9896-9903
Le Mire MF, Miller DS, Foster WK, Burrell CJ, Jilbert AR.
Covalently closed circular DNA is the predominant form of
duck hepatitis B virus DNA that persists following transient
infection. J Virol 2005; 79: 12242-12252

Beck J et al. HBV replication
30
31
32
33
34
35

36
37
38

39

40
41
42
43
44

45
46

47

48

49

50
51

Zoulim F. Antiviral therapy of chronic hepatitis B. Antiviral
Res 2006; 71: 206-215
Zoulim F. Entecavir: a new treatment option for chronic
hepatitis B. J Clin Virol 2006; 36: 8-12
Terré S, Petit MA, Bréchot C. Defective hepatitis B virus
particles are generated by packaging and reverse transcription
of spliced viral RNAs in vivo. J Virol 1991; 65: 5539-5543
Sommer G, van Bömmel F, Will H. Genotype-specific
synthesis and secretion of spliced hepatitis B virus genomes in
hepatoma cells. Virology 2000; 271: 371-381
Obert S, Zachmann-Brand B, Deindl E, Tucker W,
Bartenschlager R, Schaller H. A splice hepadnavirus RNA that
is essential for virus replication. EMBO J 1996; 15: 2565-2574
Loeb DD, Mack AA, Tian R. A secondary structure that
contains the 5’ and 3’ splice sites suppresses splicing of
duck hepatitis B virus pregenomic RNA. J Virol 2002; 76:
10195-10202
Heise T, Sommer G, Reumann K, Meyer I, Will H, Schaal
H. The hepatitis B virus PRE contains a splicing regulatory
element. Nucleic Acids Res 2006; 34: 353-363
Sen N, Cao F, Tavis JE. Translation of duck hepatitis B virus
reverse transcriptase by ribosomal shunting. J Virol 2004; 78:
11751-11757
Nassal M, Junker-Niepmann M, Schaller H. Translational
inactivation of RNA function: discrimination against a subset
of genomic transcripts during HBV nucleocapsid assembly.
Cell 1990; 63: 1357-1363
Gnatt AL, Cramer P, Fu J, Bushnell DA, Kornberg RD.
Structural basis of transcription: an RNA polymerase II
elongation complex at 3.3 A resolution. Science 2001; 292:
1876-1882
Nesser NK, Peterson DO, Hawley DK. RNA polymerase II
subunit Rpb9 is important for transcriptional fidelity in vivo.
Proc Natl Acad Sci USA 2006; 103: 3268-3273
Cao F, Tavis JE. Suppression of mRNA accumulation by the
duck hepatitis B virus reverse transcriptase. Virology 2006; 350:
475-483
Delelis O, Lehmann-Che J, Saïb A. Foamy viruses--a world
apart. Curr Opin Microbiol 2004; 7: 400-406
Fassati A, Goff SP. Characterization of intracellular reverse
transcription complexes of human immunodeficiency virus
type 1. J Virol 2001; 75: 3626-3635
Iordanskiy S, Berro R, Altieri M, Kashanchi F, Bukrinsky M.
Intracytoplasmic maturation of the human immunodeficiency
virus type 1 reverse transcription complexes determines their
capacity to integrate into chromatin. Retrovirology 2006; 3: 4
Ahlquist P. Parallels among positive-strand RNA viruses,
reverse-transcribing viruses and double-stranded RNA
viruses. Nat Rev Microbiol 2006; 4: 371-382
Köck J, Nassal M, Deres K, Blum HE, von Weizsäcker F.
Hepatitis B virus nucleocapsids formed by carboxy-terminally
mutated core proteins contain spliced viral genomes but lack
full-size DNA. J Virol 2004; 78: 13812-13818
Le Pogam S, Chua PK, Newman M, Shih C. Exposure of
RNA templates and encapsidation of spliced viral RNA are
influenced by the arginine-rich domain of human hepatitis B
virus core antigen (HBcAg 165-173). J Virol 2005; 79: 1871-1887
Perlman DH, Berg EA, O’connor PB, Costello CE, Hu J.
Reverse transcription-associated dephosphorylation of
hepadnavirus nucleocapsids. Proc Natl Acad Sci USA 2005; 102:
9020-9025
Melegari M, Wolf SK, Schneider RJ. Hepatitis B virus
DNA replication is coordinated by core protein serine
phosphorylation and HBx expression. J Virol 2005; 79:
9810-9820
Roseman AM, Berriman JA, Wynne SA, Butler PJ, Crowther
RA. A structural model for maturation of the hepatitis B virus
core. Proc Natl Acad Sci USA 2005; 102: 15821-15826
Böttcher B, Vogel M, Ploss M, Nassal M. High plasticity of the
hepatitis B virus capsid revealed by conformational stress. J
Mol Biol 2006; 356: 812-822

				
52
53

54

55

56
57

58

59
60
61
62

63
64
65

66
67

68

69

70

71

61

Hu J, Toft D, Anselmo D, Wang X. In vitro reconstitution of
functional hepadnavirus reverse transcriptase with cellular
chaperone proteins. J Virol 2002; 76: 269-279
Beck J, Nassal M. Reconstitution of a functional duck hepatitis
B virus replication initiation complex from separate reverse
transcriptase domains expressed in Escherichia coli. J Virol
2001; 75: 7410-7419
Beck J, Nassal M. Efficient Hsp90-independent in vitro
activation by Hsc70 and Hsp40 of duck hepatitis B virus
reverse transcriptase, an assumed Hsp90 client protein. J Biol
Chem 2003; 278: 36128-36138
Junker-Niepmann M, Bartenschlager R, Schaller H. A short
cis-acting sequence is required for hepatitis B virus pregenome
encapsidation and sufficient for packaging of foreign RNA.
EMBO J 1990; 9: 3389-3396
Wang GH, Seeger C. Novel mechanism for reverse
transcription in hepatitis B viruses. J Virol 1993; 67: 6507-6512
Tavis JE, Perri S, Ganem D. Hepadnavirus reverse transcription initiates within the stem-loop of the RNA packaging
signal and employs a novel strand transfer. J Virol 1994; 68:
3536-3543
Nassal M, Rieger A. A bulged region of the hepatitis B virus
RNA encapsidation signal contains the replication origin for
discontinuous first-strand DNA synthesis. J Virol 1996; 70:
2764-2773
Knaus T, Nassal M. The encapsidation signal on the hepatitis
B virus RNA pregenome forms a stem-loop structure that is
critical for its function. Nucleic Acids Res 1993; 21: 3967-3975
Pollack JR, Ganem D. An RNA stem-loop structure directs
hepatitis B virus genomic RNA encapsidation. J Virol 1993; 67:
3254-3263
Pollack JR, Ganem D. Site-specific RNA binding by a hepatitis
B virus reverse transcriptase initiates two distinct reactions:
RNA packaging and DNA synthesis. J Virol 1994; 68: 5579-5587
Rieger A, Nassal M. Distinct requirements for primary
sequence in the 5’- and 3’-part of a bulge in the hepatitis B
virus RNA encapsidation signal revealed by a combined in
vivo selection/in vitro amplification system. Nucleic Acids Res
1995; 23: 3909-3915
Fallows DA, Goff SP. Mutations in the epsilon sequences of
human hepatitis B virus affect both RNA encapsidation and
reverse transcription. J Virol 1995; 69: 3067-3073
Laskus T, Rakela J, Persing DH. The stem-loop structure of
the cis-encapsidation signal is highly conserved in naturally
occurring hepatitis B virus variants. Virology 1994; 200: 809-812
Lok AS, Akarca U, Greene S. Mutations in the pre-core
region of hepatitis B virus serve to enhance the stability of the
secondary structure of the pre-genome encapsidation signal.
Proc Natl Acad Sci USA 1994; 91: 4077-4081
Kramvis A, Kew MC. Structure and function of the
encapsidation signal of hepadnaviridae. J Viral Hepat 1998; 5:
357-367
Guarnieri M, Kim KH, Bang G, Li J, Zhou Y, Tang X, Wands
J, Tong S. Point mutations upstream of hepatitis B virus
core gene affect DNA replication at the step of core protein
expression. J Virol 2006; 80: 587-595
Flodell S, Schleucher J, Cromsigt J, Ippel H, Kidd-Ljunggren
K, Wijmenga S. The apical stem-loop of the hepatitis B virus
encapsidation signal folds into a stable tri-loop with two
underlying pyrimidine bulges. Nucleic Acids Res 2002; 30:
4803-4811
Beck J, Bartos H, Nassal M. Experimental confirmation of a
hepatitis B virus (HBV) epsilon-like bulge-and-loop structure
in avian HBV RNA encapsidation signals. Virology 1997; 227:
500-504
Beck J, Nassal M. Sequence- and structure-specific
determinants in the interaction between the RNA
encapsidation signal and reverse transcriptase of avian
hepatitis B viruses. J Virol 1997; 71: 4971-4980
Hu K, Beck J, Nassal M. SELEX-derived aptamers of the duck
hepatitis B virus RNA encapsidation signal distinguish critical

www.wjgnet.com

62

72
73

74
75
76

77
78
79
80
81
82
83
84
85
86
87
88
89
90

91

92

93

94

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

and non-critical residues for productive initiation of reverse
transcription. Nucleic Acids Res 2004; 32: 4377-4389
Hu J, Boyer M. Hepatitis B virus reverse transcriptase and
epsilon RNA sequences required for specific interaction in
vitro. J Virol 2006; 80: 2141-2150
Bartenschlager R, Junker-Niepmann M, Schaller H. The P
gene product of hepatitis B virus is required as a structural
component for genomic RNA encapsidation. J Virol 1990; 64:
5324-5332
Calvert J, Summers J. Two regions of an avian hepadnavirus
RNA pregenome are required in cis for encapsidation. J Virol
1994; 68: 2084-2090
Ostrow KM, Loeb DD. Characterization of the cis-acting
contributions to avian hepadnavirus RNA encapsidation. J
Virol 2002; 76: 9087-9095
Ostrow KM, Loeb DD. Chimeras of duck and heron hepatitis
B viruses provide evidence for functional interactions between
viral components of pregenomic RNA encapsidation. J Virol
2004; 78: 8780-8787
Rieger A, Nassal M. Specific hepatitis B virus minus-strand
DNA synthesis requires only the 5’ encapsidation signal and
the 3’-proximal direct repeat DR1. J Virol 1996; 70: 585-589
Wang GH, Seeger C. The reverse transcriptase of hepatitis B
virus acts as a protein primer for viral DNA synthesis. Cell
1992; 71: 663-670
Jeong JK, Yoon GS, Ryu WS. Evidence that the 5’-end cap
structure is essential for encapsidation of hepatitis B virus
pregenomic RNA. J Virol 2000; 74: 5502-5508
Mangus DA, Evans MC, Jacobson A. Poly(A)-binding
proteins: multifunctional scaffolds for the post-transcriptional
control of gene expression. Genome Biol 2003; 4: 223
Wagner H, Bauer S. All is not Toll: new pathways in DNA
recognition. J Exp Med 2006; 203: 265-268
Meylan E, Tschopp J. Toll-like receptors and RNA helicases:
two parallel ways to trigger antiviral responses. Mol Cell 2006;
22: 561-569
Cullen BR. Transcription and processing of human microRNA
precursors. Mol Cell 2004; 16: 861-865
Perri S, Ganem D. A host factor that binds near the termini of
hepatitis B virus pregenomic RNA. J Virol 1996; 70: 6803-6809
Kreft SG, Nassal M. hRUL138, a novel human RNA-binding
RING-H2 ubiquitin-protein ligase. J Cell Sci 2003; 116: 605-616
Bartenschlager R, Schaller H. Hepadnaviral assembly is
initiated by polymerase binding to the encapsidation signal in
the viral RNA genome. EMBO J 1992; 11: 3413-3420
Yao E, Schaller H, Tavis JE. The duck hepatitis B virus
polymerase and core proteins accumulate in different patterns
from their common mRNA. Virology 2003; 311: 81-88
Yao E, Tavis JE. Kinetics of synthesis and turnover of the duck
hepatitis B virus reverse transcriptase. J Biol Chem 2003; 278:
1201-1205
Cao F, Tavis JE. Detection and characterization of cytoplasmic
hepatitis B virus reverse transcriptase. J Gen Virol 2004; 85:
3353-3360
Xiong Y, Eickbush TH. Origin and evolution of retroelements
based upon their reverse transcriptase sequences. EMBO J
1990; 9: 3353-3362
Radziwill G, Tucker W, Schaller H. Mutational analysis of the
hepatitis B virus P gene product: domain structure and RNase
H activity. J Virol 1990; 64: 613-620
Bartenschlager R, Schaller H. The amino-terminal domain
of the hepadnaviral P-gene encodes the terminal protein
(genome-linked protein) believed to prime reverse
transcription. EMBO J 1988; 7: 4185-4192
Weber M, Bronsema V, Bartos H, Bosserhoff A, Bartenschlager
R, Schaller H. Hepadnavirus P protein utilizes a tyrosine
residue in the TP domain to prime reverse transcription. J
Virol 1994; 68: 2994-2999
Zoulim F, Seeger C. Reverse transcription in hepatitis B
viruses is primed by a tyrosine residue of the polymerase. J

www.wjgnet.com

95

96

97

98

99
100

101

102
103
104

105

106
107

108
109

110
111
112
113
114

January 7, 2007

Volume 13

Number 1

Virol 1994; 68: 6-13
Lanford RE, Notvall L, Lee H, Beames B. Transcomplementation of nucleotide priming and reverse transcription
between independently expressed TP and RT domains of
the hepatitis B virus reverse transcriptase. J Virol 1997; 71:
2996-3004
Das K, Xiong X, Yang H, Westland CE, Gibbs CS, Sarafianos
SG, Arnold E. Molecular modeling and biochemical
characterization reveal the mechanism of hepatitis B virus
polymerase resistance to lamivudine (3TC) and emtricitabine
(FTC). J Virol 2001; 75: 4771-4779
Allen MI, Deslauriers M, Andrews CW, Tipples GA, Walters
KA, Tyrrell DL, Brown N, Condreay LD. Identification and
characterization of mutations in hepatitis B virus resistant
to lamivudine. Lamivudine Clinical Investigation Group.
Hepatology 1998; 27: 1670-1677
Beck J, Vogel M, Nassal M. dNTP versus NTP discrimination
by phenylalanine 451 in duck hepatitis B virus P protein
indicates a common structure of the dNTP-binding pocket
with other reverse transcriptases. Nucleic Acids Res 2002; 30:
1679-1687
Ferrer-Orta C, Arias A, Escarmís C, Verdaguer N. A
comparison of viral RNA-dependent RNA polymerases. Curr
Opin Struct Biol 2006; 16: 27-34
de Jong RN, van der Vliet PC, Brenkman AB. Adenovirus
DNA replication: protein priming, jumping back and the role
of the DNA binding protein DBP. Curr Top Microbiol Immunol
2003; 272: 187-211
Kamtekar S, Berman AJ, Wang J, Lázaro JM, de Vega M,
Blanco L, Salas M, Steitz TA. The phi29 DNA polymerase:
protein-primer structure suggests a model for the initiation to
elongation transition. EMBO J 2006; 25: 1335-1343
Hu J, Anselmo D. In vitro reconstitution of a functional duck
hepatitis B virus reverse transcriptase: posttranslational
activation by Hsp90. J Virol 2000; 74: 11447-11455
Beck J, Nassal M. In vitro reconstitution of epsilon-dependent
duck hepatitis B virus replication initiation. Methods Mol Med
2004; 95: 315-325
Cao F, Badtke MP, Metzger LM, Yao E, Adeyemo B, Gong Y,
Tavis JE. Identification of an essential molecular contact point
on the duck hepatitis B virus reverse transcriptase. J Virol 2005;
79: 10164-10170
Lanford RE, Kim YH, Lee H, Notvall L, Beames B. Mapping of
the hepatitis B virus reverse transcriptase TP and RT domains
by transcomplementation for nucleotide priming and by
protein-protein interaction. J Virol 1999; 73: 1885-1893
Chen Y, Varani G. Protein families and RNA recognition.
FEBS J 2005; 272: 2088-2097
Schaaf SG, Beck J, Nassal M. A small 2’-OH- and basedependent recognition element downstream of the initiation
site in the RNA encapsidation signal is essential for hepatitis B
virus replication initiation. J Biol Chem 1999; 274: 37787-37794
Tavis JE, Ganem D. Evidence for activation of the hepatitis B
virus polymerase by binding of its RNA template. J Virol 1996;
70: 5741-5750
Beck J, Nassal M. Formation of a functional hepatitis B virus
replication initiation complex involves a major structural
alteration in the RNA template. Mol Cell Biol 1998; 18:
6265-6272
Tavis JE, Massey B, Gong Y. The duck hepatitis B virus
polymerase is activated by its RNA packaging signal, epsilon.
J Virol 1998; 72: 5789-5796
Lanford RE, Notvall L, Beames B. Nucleotide priming and
reverse transcriptase activity of hepatitis B virus polymerase
expressed in insect cells. J Virol 1995; 69: 4431-4439
Seifer M, Hamatake R, Bifano M, Standring DN. Generation
of replication-competent hepatitis B virus nucleocapsids in
insect cells. J Virol 1998; 72: 2765-2776
Hu J, Seeger C. Hsp90 is required for the activity of a hepatitis
B virus reverse transcriptase. Proc Natl Acad Sci USA 1996; 93:
1060-1064
Tang YC, Chang HC, Roeben A, Wischnewski D, Wischnewski

Beck J et al. HBV replication

115
116
117
118
119
120

121
122

123

124

125
126
127
128
129
130
131
132

133
134
135
136
137

N, Kerner MJ, Hartl FU, Hayer-Hartl M. Structural features
of the GroEL-GroES nano-cage required for rapid folding of
encapsulated protein. Cell 2006; 125: 903-914
Hartl FU, Hayer-Hartl M. Molecular chaperones in the
cytosol: from nascent chain to folded protein. Science 2002; 295:
1852-1858
Young JC, Agashe VR, Siegers K, Hartl FU. Pathways of
chaperone-mediated protein folding in the cytosol. Nat Rev
Mol Cell Biol 2004; 5: 781-791
Mayer MP, Bukau B. Hsp70 chaperones: cellular functions
and molecular mechanism. Cell Mol Life Sci 2005; 62: 670-684
Young JC, Moarefi I, Hartl FU. Hsp90: a specialized but
essential protein-folding tool. J Cell Biol 2001; 154: 267-273
Pratt WB, Galigniana MD, Morishima Y, Murphy PJ. Role
of molecular chaperones in steroid receptor action. Essays
Biochem 2004; 40: 41-58
Hu J, Toft DO, Seeger C. Hepadnavirus assembly and reverse
transcription require a multi-component chaperone complex
which is incorporated into nucleocapsids. EMBO J 1997; 16:
59-68
Guisbert E, Herman C, Lu CZ, Gross CA. A chaperone
network controls the heat shock response in E. coli. Genes Dev
2004; 18: 2812-2821
Takaya A, Matsui M, Tomoyasu T, Kaya M, Yamamoto T.
The DnaK chaperone machinery converts the native FlhD2C2
hetero-tetramer into a functional transcriptional regulator of
flagellar regulon expression in Salmonella. Mol Microbiol 2006;
59: 1327-1340
Hennessy F, Nicoll WS, Zimmermann R, Cheetham ME,
Blatch GL. Not all J domains are created equal: implications
for the specificity of Hsp40-Hsp70 interactions. Protein Sci
2005; 14: 1697-1709
Brehmer D, Rüdiger S, Gässler CS, Klostermeier D, Packschies
L, Reinstein J, Mayer MP, Bukau B. Tuning of chaperone
activity of Hsp70 proteins by modulation of nucleotide
exchange. Nat Struct Biol 2001; 8: 427-432
Walsh P, Bursać D, Law YC, Cyr D, Lithgow T. The J-protein
family: modulating protein assembly, disassembly and
translocation. EMBO Rep 2004; 5: 567-571
Wang X, Qian X, Guo HC, Hu J. Heat shock protein
90-independent activation of truncated hepadnavirus reverse
transcriptase. J Virol 2003; 77: 4471-4480
Cho G, Suh SW, Jung G. HBV polymerase interacts
independently with N-terminal and C-terminal fragments of
Hsp90beta. Biochem Biophys Res Commun 2000; 274: 203-211
Hu J, Flores D, Toft D, Wang X, Nguyen D. Requirement of
heat shock protein 90 for human hepatitis B virus reverse
transcriptase function. J Virol 2004; 78: 13122-13131
Bracher A, Hartl FU. Hsp90 structure: when two ends meet.
Nat Struct Mol Biol 2006; 13: 478-480
Pratt WB, Toft DO. Regulation of signaling protein function
and trafficking by the hsp90/hsp70-based chaperone
machinery. Exp Biol Med (Maywood) 2003; 228: 111-133
Workman P. Altered states: selectively drugging the Hsp90
cancer chaperone. Trends Mol Med 2004; 10: 47-51
Kamal A, Thao L, Sensintaffar J, Zhang L, Boehm MF, Fritz
LC, Burrows FJ. A high-affinity conformation of Hsp90 confers
tumour selectivity on Hsp90 inhibitors. Nature 2003; 425:
407-410
Park SG, Jung G. Human hepatitis B virus polymerase
interacts with the molecular chaperonin Hsp60. J Virol 2001;
75: 6962-6968
Park SG, Lim SO, Jung G. Binding site analysis of human
HBV pol for molecular chaperonin, hsp60. Virology 2002; 298:
116-123
Park SG, Lee SM, Jung G. Antisense oligodeoxynucleotides
targeted against molecular chaperonin Hsp60 block human
hepatitis B virus replication. J Biol Chem 2003; 278: 39851-39857
Kim SS, Shin HJ, Cho YH, Rho HM. Expression of stable
hepatitis B viral polymerase associated with GRP94 in E. coli.
Arch Virol 2000; 145: 1305-1320
Wang X, Grammatikakis N, Hu J. Role of p50/CDC37 in

				

138

139
140
141
142

143

144
145
146
147

148
149
150
151

152
153

154

155
156

157

63

hepadnavirus assembly and replication. J Biol Chem 2002; 277:
24361-24367
Holt SE, Aisner DL, Baur J, Tesmer VM, Dy M, Ouellette M,
Trager JB, Morin GB, Toft DO, Shay JW, Wright WE, White
MA. Functional requirement of p23 and Hsp90 in telomerase
complexes. Genes Dev 1999; 13: 817-826
Keppler BR, Grady AT, Jarstfer MB. The biochemical role of
the heat shock protein 90 chaperone complex in establishing
human telomerase activity. J Biol Chem 2006; 281: 19840-19848
Burch AD, Weller SK. Herpes simplex virus type 1 DNA
polymerase requires the mammalian chaperone hsp90 for
proper localization to the nucleus. J Virol 2005; 79: 10740-10749
Kampmueller KM, Miller DJ. The cellular chaperone heat
shock protein 90 facilitates Flock House virus RNA replication
in Drosophila cells. J Virol 2005; 79: 6827-6837
Momose F, Naito T, Yano K, Sugimoto S, Morikawa Y,
Nagata K. Identification of Hsp90 as a stimulatory host factor
involved in influenza virus RNA synthesis. J Biol Chem 2002;
277: 45306-45314
Deng T, Sharps J, Fodor E, Brownlee GG. In vitro assembly of
PB2 with a PB1-PA dimer supports a new model of assembly
of influenza A virus polymerase subunits into a functional
trimeric complex. J Virol 2005; 79: 8669-8674
Liu N, Ji L, Maguire ML, Loeb DD. cis-Acting sequences that
contribute to the synthesis of relaxed-circular DNA of human
hepatitis B virus. J Virol 2004; 78: 642-649
Shin MK, Lee J, Ryu WS. A novel cis-acting element facilitates
minus-strand DNA synthesis during reverse transcription of
the hepatitis B virus genome. J Virol 2004; 78: 6252-6262
Tang H, McLachlan A. A pregenomic RNA sequence adjacent
to DR1 and complementary to epsilon influences hepatitis B
virus replication efficiency. Virology 2002; 303: 199-210
Abraham TM, Loeb DD. Base pairing between the 5’ half of
epsilon and a cis-acting sequence, phi, makes a contribution
to the synthesis of minus-strand DNA for human hepatitis B
virus. J Virol 2006; 80: 4380-4387
Harris RS, Liddament MT. Retroviral restriction by APOBEC
proteins. Nat Rev Immunol 2004; 4: 868-877
Turelli P, Mangeat B, Jost S, Vianin S, Trono D. Inhibition of
hepatitis B virus replication by APOBEC3G. Science 2004; 303:
1829
Rösler C, Köck J, Kann M, Malim MH, Blum HE, Baumert
TF, von Weizsäcker F. APOBEC-mediated interference with
hepadnavirus production. Hepatology 2005; 42: 301-309
Bonvin M, Achermann F, Greeve I, Stroka D, Keogh A,
Inderbitzin D, Candinas D, Sommer P, Wain-Hobson S,
Vartanian JP, Greeve J. Interferon-inducible expression
of APOBEC3 editing enzymes in human hepatocytes and
inhibition of hepatitis B virus replication. Hepatology 2006; 43:
1364-1374
Ostrow KM, Loeb DD. Underrepresentation of the 3’ region of
the capsid pregenomic RNA of duck hepatitis B virus. J Virol
2004; 78: 2179-2186
Loeb DD, Hirsch RC, Ganem D. Sequence-independent
RNA cleavages generate the primers for plus strand DNA
synthesis in hepatitis B viruses: implications for other reverse
transcribing elements. EMBO J 1991; 10: 3533-3540
Staprans S, Loeb DD, Ganem D. Mutations affecting
hepadnavirus plus-strand DNA synthesis dissociate primer
cleavage from translocation and reveal the origin of linear
viral DNA. J Virol 1991; 65: 1255-1262
Bill CA, Summers J. Genomic DNA double-strand breaks are
targets for hepadnaviral DNA integration. Proc Natl Acad Sci
USA 2004; 101: 11135-11140
Habig JW, Loeb DD. The conformation of the 3’ end of the
minus-strand DNA makes multiple contributions to template
switches during plus-strand DNA synthesis of duck hepatitis
B virus. J Virol 2003; 77: 12401-12411
Havert MB, Loeb DD. cis-Acting sequences in addition to
donor and acceptor sites are required for template switching
during synthesis of plus-strand DNA for duck hepatitis B
virus. J Virol 1997; 71: 5336-5344

www.wjgnet.com

64

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

158 Havert MB, Ji L, Loeb DD. Analysis of duck hepatitis B virus
reverse transcription indicates a common mechanism for the
two template switches during plus-strand DNA synthesis. J
Virol 2002; 76: 2763-2769
159 Habig JW, Loeb DD. Template switches during plus-strand
DNA synthesis of duck hepatitis B virus are influenced by the
base composition of the minus-strand terminal redundancy. J
Virol 2003; 77: 12412-12420
160 Liu N, Tian R, Loeb DD. Base pairing among three cisacting sequences contributes to template switching during
hepadnavirus reverse transcription. Proc Natl Acad Sci USA

January 7, 2007

Volume 13

2003; 100: 1984-1989
161 Mueller-Hill K, Loeb DD. cis-Acting sequences 5E, M,
and 3E interact to contribute to primer translocation
and circularization during reverse transcription of avian
hepadnavirus DNA. J Virol 2002; 76: 4260-4266
162 Lee J, Shin MK, Lee HJ, Yoon G, Ryu WS. Three novel cisacting elements required for efficient plus-strand DNA
synthesis of the hepatitis B virus genome. J Virol 2004; 78:
7455-7464
163 Wynne SA, Crowther RA, Leslie AG. The crystal structure of
the human hepatitis B virus capsid. Mol Cell 1999; 3: 771-780
S- Editor Liu Y L- Editor Alpini GD

www.wjgnet.com

Number 1

E- Editor Ma WH

World J Gastroenterol 2007 January 7; 13(1): 65-73
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

TOPIC HIGHLIGHT
Dieter Glebe, PhD, Series Editor

Hepatitis B virus morphogenesis
Volker Bruss
Volker Bruss, Department of Virology, University of Göttingen,
Kreuzbergring 57, Göttingen 37075, Germany
Correspondence to: Volker Bruss, Department of Virology, University of Göttingen, Kreuzbergring 57, Göttingen 37075,
Germany. vbruss@gwdg.de
Telephone: +49-551-395759 Fax: +49-551-394471
Received: 2006-07-31
Accepted: 2006-10-04

Abstract
The hepatitis B virus (HBV) particle consists of an
envelope containing three related surface proteins
and probably lipid and an icosahedral nucleocapsid of
approximately 30 nm diameter enclosing the viral DNA
genome and DNA polymerase. The capsid is formed
in the cytosol of the infected cell during packaging of
an RNA pregenome replication complex by multiple
copies of a 21-kDa C protein. The capsid gains the
ability to bud during synthesis of the viral DNA genome
by reverse transcription of the pregenome in the
lumen of the particle. The three envelope proteins S,
M, and L shape a complex transmembrane fold at the
endoplasmic reticulum, and form disulfide-linked homoand heterodimers. The transmembrane topology of a
fraction of the large envelope protein L changes posttranslationally, therefore, the N terminal domain of L
(preS) finally appears on both sides of the membrane.
During budding at an intracellular membrane, a short
linear domain in the cytosolic preS region interacts with
binding sites on the capsid surface. The virions are
subsequently secreted into the blood. In addition, the
surface proteins can bud in the absence of capsids and
form subviral lipoprotein particles of 20 nm diameter
which are also secreted.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In vitro systems for efficient production of hepatitis B virus

(HBV) capsids and subviral particles and for experimental
examination of their morphogenesis are available. These
systems allowed to draw a quite detailed, although still
fragmentary, picture of these processes. However, in vitro
production of virions by transfection of certain cell lines
derived from hepatocellular carcinomas, such as HepG2
or Huh7, with cloned genomic HBV DNA[1,2] or by in vitro
infection[3] is still quite inefficient, and this hampers many
approaches to study the morphogenesis of the complete
virus. In natural HBV infections one single hepatocyte
in the liver releases 1 to 10 viruses per day[4]. In vitro the
production rate seems to be similar. Therefore, the direct
observation of HBV budding by electron microscopy
or the characterization of the process by biochemical
approaches is difficult to achieve [5]. It seems that the
virus production rate in duck hepatitis B virus (DHBV)
infection is higher at least in vitro, making these techniques
suitable for studying DHBV morphogenesis[6].

THE HBV CAPSID FORMATION AND
STRUCTURE
The C protein forming the shell of the HBV capsid
consists of 183 or 185 amino acid (aa) residues depending
on the genotype. The protein is relatively conserved among
HBV isolates[7]. It can be expressed in a broad range of
pro- and eukaryotic cell types and self-assembles into
capsids. The first step is the formation of homodimers[8]
linked by a disulfide bridge between the cystein residue
61[9,10]. Higher oligomers containing chaperons have been
described [11] but the pathway leading from dimers to
complete capsids has not been elucidated in more detail.
In the final capsid, the inter-dimer interactions are rather
weak [12]. Two different types of capsids are formed [13]:
particles with an icosahedral T = 3 symmetry have a
diameter of 30 nm and consist of 90 C dimers, whereas
particles with an icosahedral T = 4 symmetry are larger (the
diameter is 34 nm) and contain 120 C dimers. Both particle
species can also be found in infected human liver[14]. In
infectious virions, T = 4 capsids have been found[15].
The primary amino acid (aa) sequence of the C protein
can be divided into two parts (Figure 1): the N-terminal
149 or 151 aa (depending on the genotype) form the so
called assembly domain because this part of the protein
is sufficient to direct the self-assembly of capsids. The
C-terminal 34 aa are dispensable for capsid formation,
rich in arginine residues, and involved in packaging of the
pregenome/reverse transcriptase complex. Deletion of
this domain abolishes the encapsidation of nucleic acid[16].
www.wjgnet.com
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Figure 1 Linear map of the main structural HBV proteins. The C-terminal region
(open box) of the capsid protein C is rich in arginine residues (+). The sequence
of the small envelope S is also present at the C termini of the M and L protein. The
two larger envelope proteins contain the additional N-terminal preS2 and preS2
+ preS1 domain, respectively. The L protein is myristylated at glycin 2 (myr), the
preS2 domain of M is N-glycosylated (filled circles), and the S domain of all 3
proteins is partially N-glycosylated (open circles).

Expression of the C-terminally truncated C protein in
E coli produces high amounts of T = 4 capsids and
relatively little T = 3 particles [17]. Using this material a
model for the folding of the C protein in the capsid first
at lower resolution by cryo-electron microscopy[18,19] and
finally after crystallization at a resolution of 3.3 Å[20,21] has
been proposed. The C protein dimer forms a structure
like an upside down “T”. The horizontal bar mediates the
inter-dimer contacts with 5 and 6 dimers arranged around
the 5-fold and quasi 6-fold symmetry axes, respectively, and
the vertical bar forms a spike protruding outwards from
the capsid surface (Figure 2). The tip of the spike forms
the major epitope of the capsid antigen (HBcAg). The
capsid shell contains pores with a diameter between 12 Å
and 15 Å. These pores allow the diffusion of nucleotides
into and out of the capsid lumen during the synthesis of
the viral DNA genome.
The arginine-rich domain is not present in the capsid
crystals but thought to interact with the viral genome in
the lumen of the particle[16,22,23]. However, a monoclonal
antibody directed against this region binds to intact HBV
capsids [24], and trypsin can clip off this domain from
approximately half of the C protein chains in recombinant
HBV capsids (Daniela Lieder, PhD thesis, Goettingen,
2002). It therefore seems possible that the C-terminal
region of one fraction of C proteins reach into the lumen
of the particle, while the domains from the other fraction
appear on the external surface of the same particle.
The peptide at the boundary between the assembly and
arginine-rich domains of C forms a mobile array[25] and
may allow an extreme mobility of the C terminal domain.
Capsid formation during recombinant expression of
the C protein requires a higher concentration of C protein
dimers relative to nucleocapsid formation in the context
of an infection [26]. During authentic capsid formation,
not only the viral pregenomic RNA bound to the viral P
protein[27-30] but also cellular factors such as chaperones[31-33]
and a protein kinase phosphorylating serine residues
in the arginine-rich domain of C[34-37] are encapsidated.
Apparently, the threshold concentration of C dimers
needed for the initiation of capsid formation is lowered
by one or more of these factors. This mechanism assures
www.wjgnet.com

Capsid lumen

Figure 2 Crystal structure of a C-terminally truncated C protein dimer[21]. The spike
protrudes upwards. The lumen of the capsid would be below the figure. Mutational
analysis identified aa (shown in black) where the mutation was compatible with
capsid formation and viral DNA synthesis in the lumen of the particle but blocked
nucleocapsid envelopment[121].

the efficient encapsidation of replication complexes and
prevents that large amounts of empty capsids are formed
in the presence of free replication complexes.
C proteins from human and woodchuck HBV can
form mixed capsids, while this is not possible between
human and duck C proteins[38] which are less homologous.
Foreign protein domains can be incorporated into capsids
when fused to the N or C terminus or at the tip of the
spike[39-44]. The assembly of HBV capsids can be blocked
by low molecular weight compounds, possibly offering
new options for antiviral treatments in the future[45-48].

THE HBV ENVELOPE PROTEINS
The HBV envelope contains three related viral surface
proteins. They are expressed from one open reading
frame (ORF) referred to as E containing 389 or 400
codons depending on the genotype and three start sites
for translation[49] (Figure 1). Transcription is initiated at
a promoter upstream of the ORF and, in addition, at an
internal promoter upstream of the second translation
initiation site[50]. Translation of the larger mRNA yields
the large envelope protein (L) consisting of 389 or 400
aa. Translation of the shorter transcripts gives rise to the
middle sized, 281 aa long M protein and, in addition, to
the small S protein consisting of 226 aa[51] depending on
which translation initiation site is used. The aa sequence
present at the C termini of L and M is identical to the
S protein and is referred to as the S domain. The 55 aa
long additional N-terminal domain of M being central in
L is called preS2, and the 108 or 119 aa long N-terminal
domain unique to L is named preS1. The E ORF of avian
hepadnaviruses contains only 2 start codons, therefore,
these viruses possess only two envelope proteins (L and S).
Like typical membrane proteins, the HBV envelope
proteins are synthesized at the endoplasmic reticulum
(ER). They gain a relatively complex topology (Figure 3).
Insertion of the S protein into the ER membrane is
initiated by an N-ter minal signal sequence (aa 8 to
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Figure 3 Transmembrane topology of the HBV envelope proteins and model
for envelope-capsid interaction. The transmembrane folding of the S protein is
determined by an N-terminal and an internal signal shown as open boxes. The
C-terminal domain is hydrophobic and probably embedded in the lipid bilayer
(horizontal open bar). The C terminus is oriented towards the ER lumen. The
folding of the M protein is similar to S. The preS2 domain of M (thinner line) is
located in the ER lumen. In the initial folding of the L protein, the preS domains
are located in the cytosol (i-preS). Whether the N-terminal myristate group (filled
box) is inserted into the membrane as shown here is unknown. After refolding
approximately half of the L chains expose the preS domains at the luminal side of
the membrane (e-preS). Open and filled circles: see Figure 1. Asterisks indicate
potential but unused N-glycosylation sites in preS of L. A domain in i-preS (boxed
area) and in the cytosolic loop of S may interact with the capsid during budding.
Immature capsids containing pregenomic RNA are not capable to bud. During viral
DNA synthesis, the capsid shell changes (indicated by filled circles at the edges)
and becomes competent for envelopment.

22) which is, however, not cleaved by the host’s signal
peptidase. A second signal (aa 80 to 98) directs the
translocation of the peptide chain downstream of this
signal through the ER membrane into the ER lumen[52],
whereas the region upstream of the signal remains in
the cytosol. The signal itself anchors the protein as a
transmembrane domain in the lipid bilayer. The C-terminal
hydrophobic 57 aa of S are believed to be embedded
in the ER membrane. Foreign domains fused to the
C terminus of S are oriented towards the ER lumen,
suggesting that the C terminus of S is also oriented toward
this compartment[52]. This configuration causes the region
between residues 23 and 79 to form a loop at the cytosolic
side of the ER membrane, whereas the loop between aa 99
and approximately 169 is on the luminal side. The luminal
loop carries the major conformational epitope of the HBV
surface protein antigen (HBsAg) and is N-glycosylated in
approximately half of the S molecules at asparagine (asn)
residue 146 [53]. After budding the HBsAg epitopes are
located at the external surface of viral particles.
The transmembrane topology of the M protein is
identical to S. The N-terminal preS2 domain (55 aa) is
translocated into the ER lumen probably by the action
of the first signal in the S domain[54]. The M protein is
N-glycosylated at asn 4[55]. In addition, the preS2 domain is
O-glycosylated in some but not all HBV genotypes[56].
Glycine residue 2 of the L protein is myristylated[57].
The preS1 and preS2 domains at the N terminus of L
initially remain at the cytosolic side of the ER membrane
during L translation (i-preS conformation). The central
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signal in the S domain of L anchors the protein in the ER
membrane and causes the translocation of downstream
sequences. Therefore, asn 146 in the S domain of L is
partially N-glycosylated, while asn 4 of the preS2 as well
as a further potential N-glycosylation site in preS1 remain
unmodified (Figure 3). These sites are used when the N
terminus of L is forced to cotranslationally translocate by
the artificial fusion of a signal sequence to the N terminus
of preS1[58].
In about half of the L chains, the transmembrane
topology changes after translation[59-63]. The preS domains
then appear on the luminal side of the ER membrane
(e-preS conformation). Probably the N-terminal signal in
the S domain crosses the membrane in this conformation
similar to the M and S proteins. How the preS domains
move post-translationally through the membrane is not
known. Cytosolic chaperones like Hsc70 bind to preS1
and deletion of the binding site causes cotranslational
translocation of preS[64-66]. Luminal chaperones binding
to the e-preS domain [67] could support this process. It
might be possible that oligomerized S domains form
a channel in the membrane for the preS transport [68].
For HBV, the S and M proteins are not required for the
translocation process[69], whereas the S protein is essential
for DHBV [70,71]. In DHBV, a C-terminally truncated S
protein has been described to fulfil a chaperone function
during preS translocation [72]. These facts suggest that
the preS translocation mechanism might be different
between HBV and DHBV[73]. Both L isoforms have their
own function: in the e-preS conformation, the preS1 and
preS2 domains of L are exposed on the surface of virions
and participate in virus receptor binding [74,75], while in
the i-preS conformation, the preS1 and preS2 domains
of L are internal in the virion and probably important
for contacting the nucleocapsid (see below). In addition,
the i-preS domain can activate a variety of promoter
elements[76]; however, the significance of this function is
not clear.
The S domain but not the preS domain contains
multiple cystein residues. Cystein residues in the luminal
loop crosslink the envelope proteins with each other by
multiple disulfide bridges. Shortly after synthesis, disulfidelinked homo- and heterodimers between S, M, and L
proteins can be found[77,78]. The cytosolic loop contains
4 cystein residues. Mutational analysis demonstrated that
the exchange of 1 out of 3 of the 4 cysteine residues
in this loop by a serine residue blocked subviral particle
formation[79]. However, these cysteins are not involved
in disulfide bridge formation in subviral particles[77], and
a covalent modification of these sites, for example, by
fatty acid acylation, has not been found[57]. The DHBV
L protein is partially phosphorylated [80,81] , mainly at
serine 118 [82]. However, mutational analyses could not
demonstrate an essential role for this modification in
the DHBV life cycle[83]. Phosphorylation of the HBV L
protein could not be found.

SUBVIRAL PARTICLES
The HBV surface proteins are not only incorporated into
virion envelopes. Rather, they also bud very efficiently
www.wjgnet.com
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from intracellular, post-ER pre-Golgi membranes [84,85]
without envelopment of capsids, appear as subviral quasispherical or filamentous lipoprotein particles in the lumen
of the compartment, and are released from the cell by
secretion. The quasi-spherical particles have a diameter
of 20 nm and an octahedral symmetry[86], the filaments
have variable lengths. Subviral particles are highly overexpressed relative to virions and reach a 10 000-fold higher
concentration in serum. Subviral particles and virions carry
identical surface antigens (HBsAg), although the protein
composition is not identical. Spherical subviral particles
contain only low amounts of L protein, whereas the
relative amount of L is higher in filaments and even higher
in the virion envelope[49]. It is assumed that the massive
HBsAg overproduction influences the host’s immune
system in a way that is advantageous for the virus.
Recombinant expression of the S protein (e.g. in yeast)
yields highly immunogenic intracellular 20-nm HBsAg
particles which can be used as an active vaccine against
hepatitis B[87]. S protein expressed in mammalian cells is
efficiently secreted as 20-nm HBsAg particles. How the
protein escapes the membrane and mobilizes lipid during
subviral particle formation is unclear. Chaperons, such as
calnexin[88] and BiP[67], bind to S and support the maturation of the protein. The relative amount of lipid is only
25% by weight in subviral particles[89], suggesting that the
lipid is not organized as in a conventional membrane bilayer.
The M protein essentially behaves like the S protein
with respect to subviral particle formation. However, the
L protein can not be secreted from cells when expressed
by itself. In fact, the L protein causes a dose-dependant
inhibition of particle release when coexpressed with the
S protein[90,91] and a storage of subviral particles in the ER
lumen[88]. This can cause cell stress and even cell death or
cancer[92,93]. The significance of the secretion inhibition
function of L for the viral life cycle has remained unclear.
This function can be abolished by blocking L myristylation
(e.g. by a point mutation of the acceptor glycine residue)
or by the deletion of the N-terminal 19 aa of preS1[94-96].
Also, the fusion of a secretion signal to the N terminus
of L forcing the protein to exclusively generate the e-preS
conformation abrogates secretion inhibition[58]. This, however, is different for the DHBV L protein[97].
Host proteins are efficiently excluded during the
morphogenesis of subviral particles. Even the HBV and
DHBV S proteins sharing 25% identical aa do not form
mixed particles during coexpression[98]. However, this is
possible with the more closely related S proteins from
HBV and the woodchuck hepatitis B virus (WHV). Apparently, the S protein subunits interact tightly with each other
during 20 nm particle formation. However, foreign protein
domains can be incorporated into subviral HBsAg particles when they are fused to the S protein[99,100].

CAPSID MATURATION
D u r i n g H B V nu c l e o c a p s i d f o r m a t i o n , t h e R N A
pregenome is packaged into the particle’s lumen and first
converted into single stranded and than into partially
www.wjgnet.com
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double-stranded DNA. While nucleocapsids showing all
stages of the viral DNA synthesis can be found within
cells, secreted virions contain only rather mature circular,
partially double-stranded DNA[101,102]. Therefore, it was
proposed that early RNA-containing capsid can not be
incorporated into virions and that the viral DNA synthesis
is associated with a structural change in the capsid shell
that allows only mature capsids to be enveloped[103]. This
hypothesis was supported by several genetic experiments.
C-ter minal tr uncations of the DHBV core protein
blocked viral DNA synthesis and also inhibited capsid
envelopment[104]. Missense mutations inhibited the reverse
transcriptase activity of HBV and DHBV P protein
and locked nucleocapsids in an immature state. The
incorporation of these capsids into virions was greatly
reduced[105,106]. Using a synchronized DHBV replication
system, it was shown that envelopment of capsids
happened only late in the replication cycle[107].
The nature of the maturation signal has only been
described insufficiently. A comparison of capsids
containing RNA and DNA by cryo-electronmicroscopy
revealed structural differences[15]. There is also evidence
that the phosphorylation state of the arginine-rich domain
of the C protein might be part of the signal [108-110]. A
validation of this hypothesis by a genetic approach is
not suitable because substitutions of phosphorylation
sites with alanine or glutamic/aspartic acid also influence
pregenome packaging and DNA synthesis[111]. Interestingly,
the point mutation of isoleucine 97 to leucine in the C
protein caused the envelopment of immature capsids[112].
The side chain of this residue is located in the inner space
of the spike and close to a hydrophobic pocket showing
structural differences in mature versus immature capsids[15].
Possibly, the I97L mutation induces a conformational
change causing a constitutive or early expression of the
envelopment signal. An additional point mutation (P130T)
in a quite distant area of the core protein restored the
wild-type phenotype[113], demonstrating the complex nature
of the maturation signal for envelopment.
The exclusion of immature nucleocapsids from
envelopment causes only replication-competent capsids to
become part of virions. This may be one reason for the
high specific infectivity of DHBV which is close to the
optimum of 1 infectious particle per virion[114]. Also for
HBV the specific infectivity seems to be very high[115].
The disassembly of capsids occurs in the basket
of nuclear pores upon nuclear transport of the viral
genome [116] either during infection or intracellular
amplification of the viral genome copy number. Capsid
destabilization can also be induced by a tumor necrosis
factor alpha-mediated non-cytopathic pathway and may play
a role as an antiviral mechanism in natural infections[117].

CAPSID ENVELOPMENT AND VIRION
FORMATION
In contrast to retroviruses or togaviruses, it is difficult
to directly observe the envelopment of HBV capsid by
electron microscopy probably because budding events are
less frequent in the available in vitro expression systems.
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It has even not been clarified whether the HBV envelope
contains lipid, although this seems to be likely due to the
composition of subviral HBsAg particles. Nevertheless,
based on the molecular characterization of HBV
formation (see below), it is assumed that hepatitis B virions
are formed by budding in analogy to other enveloped
viruses.
Mature hepadnaviral nucleocapsids originate in the
cytosol. How the capsids move to post-ER, pre-Golgi
membranes where the envelopment by the surface proteins
supposedly occurs[84,85] is unknown. For DHBV capsids,
there is evidence that mature capsids lacking C protein
hyperphosphorylation, like capsids in virions, attach to
intracellular membranes independent of viral envelope
proteins[118]. Immature capsids are hyperphosphorylated
and do not bind. This observation suggests that the
discrimination between immature and mature capsids
happens during the transport of the particle to budding
sites before the contact to envelope proteins is established.
Several enveloped viruses utilize a host cell machinery
for budding of vesicles into the lumen of so-called
multivesicular bodies for their own virus budding[119,120].
Viral capsid proteins interact with the host factor of this
pathway via so-called late domains. The HBV C protein
contains the sequence PPAY (aa 129-132) exposed on the
capsid surface[21] resembling the late domain motif PPXY.
However, mutations at this site either blocked capsid
formation or reproduced the wild-type phenotype [121].
Therefore, future experiments have to decide whether this
pathway is involved in HBV morphogenesis.
The envelopment of HBV capsids strictly depends
on viral envelope proteins [122-124] in contrast to type C
retroviruses or lentiviruses where mutants blocked in
envelope protein expression still release capsids wrapped
with a lipid layer. A natural HBV point mutant unable
to express the M protein was isolated from a patient
and demonstrated that this protein is not required [125],
whereas suppression of L or S expression impeded virion
formation [122,123]. An L construct with an N-terminally
fused secretion signal g enerating only the e-preS
conformation was secreted as a component of subviral
particles [126] but failed to support virion formation [58].
Apparently, the i-preS conformation of L exposing the
preS domain at the cytosolic side of the ER was essential
for nucleocapsid envelopment. This finding is compatible
to a model where this part of the L protein contains
regions (matrix domains) mediating a contact to the capsid
required for budding.
In DHBV, the L protein inf luences the fate of
cytoplasmic capsids [124,127]. If the L protein is absent,
capsids deliver the viral genome to the nucleus like in the
initial infection of the cell and amplify the intracellular
viral genome copy number, whereas capsids are mainly
secreted as enveloped virions when the L protein is
present. This function mapped to aa 116 to 137 of the
161 aa long DHBV preS domain [128]. A similarly short
linear stretch between aa 103 and 124 (or aa 92 and 113
depending on the genotype) genetically mapping in HBV
preS was found to be important for virion formation[129].
The exchange of two adjacent aa by alanine residues in this
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area also prevented nucleocapsid envelopment.
Therefore, it is hypothesized that this part of L
interacts with the capsid during envelopment and serves
the function of a matrix domain similar to the cytoplasmic
tail of the alpha virus E2 protein [130] . This model is
supported by an HBV double point mutant where the
I97L C protein mutation causing the envelopment of
relatively immature capsids is suppressed by the A119F
mutation in the putative matrix domain of L[131]. Also in
vitro binding assays, using HBV envelope-derived peptides
and liver-derived as well as recombinant capsids favour the
model[132]. These results also suggest that the discrimination
between immature and mature capsids might not occur
on the level of capsid-envelope protein interactions. As
aforementioned, this selection may happen during surface
protein-independent membrane association of capsids.
The loop between the first and second transmembrane
region in the S protein is also located at the cytoplasmic
side of intracellular membranes and may establish a
contact between envelope and capsid. Indeed, short
deletions in the C-terminal half of this loop inhibited
virion but not 20-nm particle formation [133]. However,
point mutations (substitutions of two adjacent aa by
alanine residues) in this area were not sufficient to block
envelopment (V. Bruss, umpublished).
Potential binding sites on the capsid for envelope
protein domains have also been mapped by mutational
analyses. A screening of random insertions and deletions
in the C protein[134] identified a few mutations allowing
nucleocapsid formation and genome synthesis but blocking
nucleocapsid envelopment[135]. A similar phenotype was
found for naturally occurring HBV mutants isolated
from chronically infected virus carriers[136]. Eleven point
mutations generated on the basis of the crystal structure
of the HBV capsid also induced a loss of nucleocapsid
envelopment[121] (Figure 2). They are clustered around the
base of the spike and in the grove between spikes. The
minimal distance from the matrix domain in the preS
region of L to the transmembrane region in the S domain
of L allowing virion formation as mapped by deletion
mutagenesis[137] is sufficient to allow the matrix domain
to reach these sites on the capsid surface. Mutations at
the tip or stem of the spike had no impact on capsid
envelopment. However, HBV budding from transfected
cells can be suppressed by a peptide binding to the tip of
the spike[138,139], possibly by steric hindrance.
As in the case of subviral 20-nm particles, the incorporation of foreign proteins into the virion envelope is
strictly suppressed. Host membrane proteins could not be
detected in virions and even envelope proteins from avian
hepadnaviruses do not mix. However, the L protein from
WHV can substitute with low efficiency for the HBV L
protein in HBV morphogenesis[98]. The matrix domains
of WHV and HBV L protein are highly conserved in
contrast to the matrix domains of DHBV and HBV L.
Foreign domains can be integrated into the HBV envelope
by fusion to the N terminus of the S protein and addition
of an N-terminal secretion signal[122]. This configuration
results in a transmembrane topology similar to the M
protein with the preS2 domain substituted by the foreign
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sequence. When coexpressed with wild-type virus, the
chimeric protein is phenotypically mixed into virions and
the foreign domain is exposed on the virus surface.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most common cancers in the world with an annual incidence of
more than 500 000 in the year 2000. Its incidence is
rising in many countries. Recently, it has been estimated
that about 53% of HCC cases in the world are related to
hepatitis B virus (HBV). The epidemiological association
of HBV with HCC is well established. In recent studies,
it was revealed that HBsAg carriers have a 25-37
times increased risk of developing HCC as compared
to non-infected people. At present, HBV-associated
carcinogenesis can be seen as a multi-factorial process
that includes both direct and indirect mechanisms that
might act synergistically. The integration of HBV DNA
into the host genome occurs at early steps of clonal
tumor expansion. The integration has been shown
in a number of cases to affect a variety of cancerrelated genes and to exert insertional mutagenesis. The
permanent liver inflammation, induced by the immune
response, resulting in a degeneration and regeneration
process confers to the accumulation of critical mutations
in the host genome. In addition to this, the regulatory
proteins HBx and the PreS2 activators that can be
encoded by the integrate exert a tumor promoter-like
function resulting in positive selection of cells producing
a functional regulatory protein. Gene expression profiling
and proteomic techniques may help to characterize the
molecular mechanisms driving HBV-associated carcinogenesis, and thus potentially identify new strategies in
diagnosis and therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
With an estimate of more than 500 000 incidences in
the year 2000 hepatocellular carcinoma (HCC) is one of
the most frequent malignant tumors worldwide and its
incidence is rising in many countries[1-4]. Despite being the
5th most frequent cancer in the world, HCC is the third
leading cause of cancer death behind lung and stomach
cancer. The high mortality associated with HCC is due
to its unresponsiveness to treatment in many cases and
symptoms of HCC often are recognized lately[5]. When
viewed as estimated age-adjusted incidence rates of liver
cancer per 100 000 men, the figures ranged as follows:
in Asia, from 35.5 in Eastern Asia, 18.3 in South-eastern
Asia to 5.6 in Western Asia; in Africa, from 24.2 in Middle
Africa, 14.4 in Eastern Africa, 13.5 in Western Africa, 6.2
in Southern Africa to 4.9 in Northern Africa; in Europe,
from 9.8 in Southern Europe, 5.8 in Eastern and Western
Europe to 2.6 in Northern Europe; and to values of 4.8
in South America; 4.1 in North America; 3.6 in Australia/
New Zealand and, finally, 2.1 in central America. In all regions, the rates recorded were two to three times higher in
men than in women.
These significant differences in the geographic
distribution of HCC incidence have led to identify chronic
HBV infection as a leading risk factor for HCC [6-9] .
Recently, it has been estimated that about 53% of HCC
cases in the world are related to HBV[3]. The lifetime risk to
develop a HCC was found to be increased even in patients
that have cleared hepatitis B virus surface antigen (HBsAg)
or with an occult HBV infection. Further risk factors
include chronic HCV infection, exposure to aflatoxin B1,
alcohol abuse, obesity and diabetes. Aflatoxin B1 (AFB1) is
a fungal metabolite that contaminates the food supply in
certain areas of the world. It is produced by Aspergillus flavus and related fungi that grow on improperly stored foods,
such as corn, rice and peanuts. AFB1 requires metabolic
conversion to its exo-8,9-epoxide in order to damage DNA.
Coexistence of these risk factors, such as HBV and HCV
infection or HBV infection and aflatoxin B1, increases the
relative risk of HCC development[11-13]. While a variety
of risk factors have been identified in the last years, here
a short review describing the current state of knowledge
of the molecular pathogenesis of HBV-associated HCC
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is given. A focus of this review will be on the role of the
HBV-regulatory proteins in this process.

EPIDEMIOLOGY OF HBV-ASSOCIATED
HCC
The epidemiological association of HBV with HCC is well
established. In recent studies, it was revealed that HBsAg
carriers have 25-37 times increased risk of developing
HCC as compared to non-infected people[14,15]. Moreover,
it was analyzed in more detail whether the viral status of
the patients are correlated with the risk of developing
HCC. HBV has been designated eight genotypes (A-H)
based on genetic divergence. Each genotype has a distinct
geographical and ethnic distribution. While genotypes
B and C are prevalent in Asia, genotypes A and D
occur frequently in Africa, Europe and India. There are
conflicting data about the influence of HBV genotypes
on HCC development[16-18]. Recent studies from Taiwan
provide profound evidence for hepatitis B vir us e
antigen (HBeAg)-positive patients that HBV genotype C
causes a more aggressive disease course as compared to
genotype B[19-21]. On the other hand, there are reports from
Taiwan describing that more than 50% of the HBV-related
HCC patients are infected with genotype B. A study on
Taiwanese pediatric patients with chronic HBV infection,
who were followed for 15 years, showed that genotype B
was identified in 74% of the children with HBV-associated
HCC[22]. A further interesting observation is the prevalence
of the T1762/A1764 mutation in the basal core promoter
region which increases with the progression of liver
disease. Since this mutation seems to be associated with
HCC development, it might represent a helpful prognostic
biomarker[23,24].
The risk of HCC seems to be elevated with increasing
HBV viral load[25]. Therefore, it is important to consider
that most epidemiological analyses were based only on
HBsAg positivity. A recent study revealed that the relative
risk of HCC was increased by 6-fold among patients who
were positive for both HBsAg and HBeAg, compared to
those who were positive for HBsAg alone[15]. Based on this,
it can be concluded that HBeAg could be an additional
useful marker for risk of developing HCC, since HBeAg
reflects productive HBV replication.

DIRECT EFFECTS TRIGGERED BY THE
INTEGRATION OF HBV-DNA INTO THE
HOST GENOME
Integration is not essential for the viral replication but it
allows persistence of the viral genome. Almost all of the
HBV-associated HCCs harbor chromosomally integrated
HBV DNA [26-28]. In many cases, these integrated viral
genomes are characterized by rearrangements and/or
partial deletions. HBV integration can induce deletions
in the host chromosome at the integration site[29]. Based
on these observations, it was tempting to speculate that
the integration event per se causes a deregulation of
key regulators of cell cycle control. This cis-hypothesis
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(place of integration = place of function) seems to be
supported by the woodchuck hepatitis B virus (WHV)related HCC. Here, insertions of WHV-DNA into the
c-myc or, preferentially the N-myc2 gene, have been
frequently detected[30-34]. However, in case of the HBVassociated HCC, site-specific integration of the HBV
genome or integration of the HBV genome into known
oncogenes seems to be a rare event. Interesting examples
are the integration of HBV DNA in a cyclin A gene[35],
in the retinoic acid receptor beta gene, in the mevalonate
kinase gene or in the sarco/endoplasmic reticulum calcium
ATPase1 gene[28,36].
It was recently confirmed, using a PCR-based approach,
that HBV insertion into cellular genes is a frequent event
that occurs early during HBV infection even after acute
self-limiting hepatitis[37] and that integration can occur
in genes regulating cellular signal transduction cascades,
proliferation control and cell viability. Recently, hTERT
(human telomerase reverse transcriptase) that is part of the
telomerase ribonuclear protein complex was found to be
targeted in different HBV-associated HCCs[28,38,39].
In light of these recent data, it will be an important
issue to reconsider the role of the integration process
for HBV-associated carcinogenesis. A helpful tool will
be combining the analysis of putative HBV-specific
integration sites with functional genomics of HBVassociated HCCs[40].

INDIRECT EFFECTS OF INTEGRATED HBVDNA: HBX AND THE PRES2 ACTIVATOR
FAMILY
HBx
In most integrated subviral HBV genomes, the open
reading frame for HBx or PreS2 regulatory protein is
conserved and can be transcribed [41]. The HBx gene is
conserved among all mammalian hepadnaviruses. HBx is
a small polypeptide (17 kDa) that is produced at very low
levels during chronic and acute hepatitis. Recently, a HBxlike regulatory protein was identified for duck hepatitis B
virus (DHBV)[42]. Since the time when HBx initially was
described to act as a transcriptional activator[43,44], a variety
of functions have been ascribed to the still enigmatic
HBx [45,46] . While the X protein is essential for viral
replication in case of WHV[47], there are conflicting results
about the relevance of HBx for the viral life cycle in case
of HBV. There are reports describing that expression
of the viral genome occurs independently from HBx
functionality[48-50]; other papers describe a relevance of
HBx for HBV replication[51]. In transgenic mouse models
harboring an overgenomic HBV integrate, it could be
observed that HBV replication does not depend on the
presence of a functional HBx[52]. Comparable results were
obtained in cell culture models based on huh-7 cells[48,50]
while in case of HepG2 cells a reduction in HBx-deficient
HBV genomes could be observed[53,54]. Moreover, infection
experiments of primary tupaia hepatocytes revealed that
HBx-deficient HBV particles are infectious (J. Köck,
personal communication).
www.wjgnet.com
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HBx activates a broad variety of different promoter
elements. Based on the pleiotropic nature of the HBxdependent transcriptional regulation, it was concluded that
HBx interferes with signaling cascades upstream from the
transcription complex. These signaling cascades trigger
activation of transcription factors like AP-1 (activator
protein-1), NF- k B (nuclear factor kappa B), SP1, and
oct-1 [46,55]. HBx affects the expression of a variety of
genes that are involved in the control of the cell cycle,
proliferation or apoptosis. From the beginning, HBx
was considered as a crucial viral protein for the process
of HBV-associated carcinogenesis[45,56-58] and this might
have affected the focus of HBx research. In light of the
putative role of HBx for viral carcinogenesis, the major
focus of many research projects has been and is the
interference of HBx with signal transduction cascades
that affect the control of the cell cycle, proliferation or
apoptosis. However, one should consider that selective
over-expression of HBx reflects a situation that is different
from the situation in an infected cell expressing the
complete HBV genome. For example, it is well established
that HBx is able to promote cellular proliferation [59].
On the other hand, it was shown that expression of the
complete HBV genome that harbors the HBx and the
PreS2 regulatory protein inhibits cell cycle progression[60]
(Figure 1).
T he analysis of HBx/protein kinase C (PKC)
interaction is such an example for many reports analyzing
the interference of HBx with signaling cascades and
correlating this with a putative role of HBx for HBVassociated carcinogenesis. There are conflicting reports
about the interference of HBx with PKC signaling. On the
one hand, there are reports describing an HBx-dependent
activation of PKC, mediated by an elevated DAG level in
HBx-producing cells. In these studies, PKC is considered
as an essential factor for the HBx-dependent activation
of NF-kB or AP-1[61,62]. Other reports provide evidence
that HBx neither affects activity of PKC nor that PKC is
essential for HBx-dependent transcriptional activation[63-65].
The interesting aspect of an HBx-dependent activation of
PKC is that a conclusive model for the role of HBx in the
process of HBV-dependent carcinogenesis can be deduced.
According to the two-step model of carcinogenesis [66]
(initiation and promotion), the HBx-dependent activation
of PKC could exert a tumor promoter-like function[61].
Independent from the point whether or not the HBxdependent activation of PKC exerts a tumor promoter-like
function, there is profound experimental evidence from
experiments with transgenic mice that HBx indeed could
exert a tumor promoter-like function. Irradiation of HBx
transgenics or exposure of these transgenics to mutagens
(diethylnitrosamine) caused a significant increase in the
amount of pre-neoplastic lesions as compared to the wildtype control animals[67,68]. Apart from this, a variety of HBx
transgenic mouse models were established, but only in one
model system so far direct formation of liver cancer could
be observed[69].
A tumor promoter-like function of HBx does not
necessarily require an activation of PKC. Other pathways
as the activation of c-Raf-1-MEK/MAP2 (mitogenactivated protein kinase 2) kinase cascade could fulfill
www.wjgnet.com
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Figure 1 Major signaling pathways activated by the regulatory proteins HBx and
PreS2 of HBV.

this function as well. Starting with the finding that HBx
increases the Ras/GTP complex formation and thereby
activates the c-Raf-1 signal transduction cascade [70] ,
more and more data were collected elucidating the
interference of HBx with signaling cascades upstream of
Ras. One of the next steps was the observation that Src
is activated in HBx-producing cells[71,72], followed by the
observation that HBx is able to activate the cytosolic Ca2+dependent praline-rich tyrosine kinase 2 (Pyk)[54]. Pyk is
able to activate Src. A recent report describes an HBxdependent activation of FAK (focal adhesion kinase), a
well known regulator of Src kinases[53]. The activation of
these signaling cascades requires the presence of HBx in
an extranuclear compartment. On the other hand, there
is evidence that a fraction of HBx is localized within the
nucleus. The subcellular distribution of HBx is still a
matter of debate. There are reports providing evidence
that HBx is localized in the cytoplasm as well as in the
nucleus [49,73]. The different localizations are associated
with different functions. HBx localized in the cytoplasm is
able to modulate intracellular signal transduction cascades
as described above. Moreover, an association of HBx
with the outer membrane of mitochondria that induces
oxidative stress was described[74-76]. HBx localized in the
nucleus is suggested to interfere directly with transcription
factors or to exert a transcription factor-like function. A
direct interaction with CREB (cAMP responsive element–
binding protein) and ATF-2 (activating transcription factor
2) resulting in their increased DNA binding affinity[77] was
reported as well as an interaction with RNA polymerase Ⅱ
in the transcription complex[78,79].
In addition to the interaction of HBx with the
transcription machinery, there is evidence that HBx
interferes at multiple steps with DNA repair and so
confers to an increase of critical mutations. HBx was
found to bind to DDB1[80,81], a subunit of the damaged
DNA binding protein that is bound to damaged DNA,
the first step in nucleotide excision repair. In cell culture
experiments indeed the expression of HBx significantly
inhibited the ability of cells to repair damaged DNA.
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Therefore, it was tempting to speculate that HBx could
confer by this to an increase in the amount of critical
mutations in the host genome[80]. However, analysis of
mutation frequency in HBx transgenic mice did not
corroborate this hypothesis[82]. Other reports focus on the
interaction of HBx with p53. On the one hand, it has been
shown an indirect inhibition of p53 by HBx: HBx causes
a transcriptional repression of the human p53 gene[83]. On
the other hand, there is evidence for the capacity of HBx
to bind to p53[84,85]. However, if the intracellular amounts
of HBx and p53 are considered, there exists a tremendous
excess of p53 as compared to HBx in the hepatocytes.
The physiological significance of the direct p53/HBx
interaction remains questionable.
The family of the PreS2 activators
Apart from the HBx-regulatory protein, the HBV genome
encodes a second family of regulatory proteins: the PreS2
activators. Based on a subcloned HBV integrate of the
human hepatoma cell line huH4[86] and of an integrate
isolated from an HBV-associated HCC[87], preS/S genes
that were truncated at the 3´ end were identified[41]. These
preS/St genes encoded for C-terminally truncated surface
proteins (MHBst) that display a regulatory protein function.
Initial analysis revealed that generation of the regulatory
protein function requires at least deletion of the last
transmembrane region in the S-domain (transmembrane
region 3) [88-91] . This results in C-terminally truncated
MHBs molecules that are endoplasmic reticulum (ER)membrane associated by the remaining transmembrane
regionsⅠand Ⅱ of the S domain[92,93]. A prototype of the
ER-membrane-associated MHBst activator is encoded by
the integrate isolated from the human hepatoma cell line
huH4[86]. This integrate is truncated at ntHBV 221 of the
HBV genome resulting in a C-terminally truncated MHBs
protein at amino acid (aa) 76 (MHBst76). A detailed analysis
revealed that a variety of differences exist between the
structural protein MHBs and its C-terminally truncated
variant MHBst. In contrast to the structural protein MHBs
and the regulatory variants, MHBst are not secreted and
lack the glycosylation at asparagine (asn) 4 of the PreS2
domain[92]. The intracellular retention of ER-membraneassociated MHBst proteins gave raise to the hypothesis that
the observed activator function is due to ER stress, induced
by intracellular retention and subsequent accumulation in
the ER[93-96]. More detailed analysis revealed, however, that
the structural protein MHBs and the regulatory protein
MHBst differ in the topology of the PreS2 domain[97]. In
case of the structural protein, the PreS2 domain faces the
lumen of the endoplasmic reticulum and in accordance
with this glycosylation at asn 4 can occur. In case of the
activator protein MHBst, the PreS2 domain directs into
the cytoplasm. This explains the lack of N-glycosylation
at asn 4. The PreS2 domain facing the cytoplasm interacts
with cytosolic binding partners, thereby trig gering
intracellular signal transduction cascades. In accordance
with this, a minimal PreS2 activator was identified lacking
any membrane insertion domain (MHBs t55)[88,67,98]. This
minimal activator encompasses the complete PreS2
domain and is localized within the cytoplasm. Since the
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PreS2 domain is sufficient to exert the regulatory protein
function, this class of regulatory proteins was designated
PreS2 activator. The family of PreS2- regulatory proteins
encompasses the membrane-associated regulatory proteins,
such as MHBst76 or MHBst167, and the non-membraneassociated short proteins, such as PreS2 domain (MHBst55).
There is no functional difference between the ER and the
cytoplasmatically localized Pres2 activators clearly arguing
against the ER-overload hypothesis[97].
The PreS1-PreS2 domain of the large hepatitis B
virus surface protein (LHBs) displays a dual membrane
topolog y [99-101] . In one fraction of LHBs, the first
transmembrane region that is located at the beginning
of the S-domain (aa 8-21) is used: in this case, the
PreS1-PreS2 domain of LHBs faces the lumen of the
endoplasmic reticulum. In case of the other fraction, this
transmembrane region is not used, resulting in a PreS1PreS2 domain that directs into the cytoplasm. As described
above, the cytoplasmic orientation of the PreS2 domain in
case of the MHBst proteins is causative for their regulatory
protein function. In accordance with this, LHBs displays
a regulatory protein function[102] and belongs to the family
of PreS2 activator proteins.
The PreS2 activators bind PKC-α in the cytoplasm.
This interaction with PKC results in a DAG (1, 2, sn
diacylglycerol)-independent activation of PKC and
phosphorylation of the PreS2 domain. The activation
of PKC is transduced by the c-Raf-1/MEK/ERK
(extracellular signal-regulated kinase) signal transduction
cascade[63]. This signal transduction cascade can exert a
tumor promoter-like function according to the classical
two-step model of carcinogenesis[66]. Indeed, transgenic
mice expressing the PreS2 activator MHBst76 develop liver
tumors at an age above 10 mo. Although the MHBs t76
protein is produced in very small but clearly detectable
amounts in the MHBs t76 transgenic mice, a permanent
activation of the Raf-1/MEK/ERK signal transduction
cascade can be obser ved, resulting in an increased
proliferation rate of the hepatocytes. The fact that
MHBst76 is produced in very small amounts ensures that
the observed effects are not due to any overload-associated
effects. The tumor for mation in these mice can be
explained by the permanent activation signal transduction
cascades that exert a tumor promoter-like function [63].
Since tumor formation is observed in older animals, it can
be assumed that during the aging process critical mutations
are accumulated (initiation) and then the tumor promoter
function positively selects these cells.
In case of the LHBs-transgenics, tumor formation
can be observed as well[103]. In these mice, a very strong
overproduction of the LHBs protein occurs, resulting
in an intracellular accumulation of the protein and
subsequent formation of ground glass hepatocytes.
This per manent accumulation results in a situation
comparable to a storage disease. Tumor formation in these
transgenics was explained by the resulting permanent
inflammation[103-105]. In light of the observation that LHBs
can act as a regulatory protein, however, the regulatory
protein function that is immanent to LHBs should be
considered as an additional factor conferring to tumor
formation in these mice. The overload-associated stress
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and inflammation results in the formation of critical
mutations (initiation) and the permanent activation of the
PKC/Raf/MEK/ERK signal transduction cascade which
exerts a tumor promoter-like function.
Immune pathogenesis of HCC
A major factor in the process of HBV-associated HCC
development is the immune system[104,106,107]. The relevance
of a chronic, vir us-specific immune response for
development of HBV-associated carcinoma was shown
in an elegant experiment from F. Chisari`s laboratory[108].
Transgenic mice that produce non-cytopathic amounts of
HBsAg were used. In these mice, immunologic tolerance
against the transgene product can be obser ved. In
accordance with this, no evidence of the liver disease was
observed. These mice were subjected to thymectomy and
lethally irradiated. One group was reconstituted with the
bone marrow and spleen cells derived from non-transgenic
littermates that were vaccinated with a recombinant
HBsAg encoding vaccinia virus resulting in HBsAgspecific cytotoxic T lymphocytes (CTLs) and antibodies.
The other group was reconstituted with the bone marrow
and spleen cells derived from transgenic donors that were
immunologically tolerant.
In this animal model, the development of hepatitis and
later of chronic hepatitis and finally HCC development
could be exclusively observed in the mice that were
reconstituted with the bone marrow and spleen cells
derived from the vaccinated non-transgenic animals, but
not in the control groups. Based on this, it was concluded
that the immune system-mediated chronic inflammation
of the liver, continuous cell death and subsequent cell
proliferation might increase the frequency of genetic
alterations and the risk of cancer[104,109-111]. This scenario is
not exclusively restricted to HBV. Chronic inflammation,
degeneration and regeneration are common to a variety of
human liver diseases, such as glycogen storage disease or
alcoholism or HCV infection, that can finally result in liver
carcinoma development[5]. This means that an ineffective
immune response can be the principal oncogenic factor
during a chronic HBV infection in man. In other words,
the same T-cell response can have complete different
effects: if the T cell response is strong enough, HBV can
be eliminated from the liver, if not, a pro-carcinogenic
effect can be induced by permanently triggering necroinf lammator y disease without resulting in a final
eradication of HBV from the liver. An interesting aspect
is that the nucleoside analogue on lamivudine in patients
with chronic hepatitis B can induce the recovery of antiviral T cell responses. However, restoration of HBV-specific
T cell reactivity is only transient. The transient nature of
the immune reconstitution may represent a favorable condition for virus reactivation once lamivudine therapy is
withdrawn.

CONCLUSION
At present, HBV-associated carcinogenesis can be seen
as a multi-factorial process that includes both direct
and indirect mechanisms that might act synergistically.
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The integration of HBV DNA into the host genome
occurs at early steps of clonal tumor expansion. The
integration has been shown in a number of cases to affect
a variety of cancer-related genes and to exert insertional
mutagenesis. The permanent liver inflammation resulting
in a degeneration and regeneration process confers to the
accumulation of critical mutations in the host genome.
In addition, the regulatory proteins HBx and the PreS2
activators that can be encoded by the integrate can exert
a tumor promoter-like function, resulting in positive
selection of cells producing a functional regulatory protein.
Based on new technologies, including gene expression
profiling and proteomics, it should be possible to further
reveal the molecular mechanisms underlying HBVassociated HCC development and to identify novel
diagnostic markers as well as therapeutic and preventive
targets.
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Abstract
Infection with hepatitis B virus (HBV) leads to a wide
spectrum of clinical presentations ranging from an
asymptomatic carrier state to self-limited acute or
fulminant hepatitis to chronic hepatitis with progression
to cirrhosis and hepatocellular carcinoma. Infection with
HBV is one of the most common viral diseases affecting
man. Both viral factors as well as the host immune
response have been implicated in the pathogenesis and
clinical outcome of HBV infection. In this review, we
will discuss the impact of virus-host interactions for the
pathogenesis of HBV infection and liver disease. These
interactions include the relevance of naturally occurring
viral variants for clinical disease, the role of virus-induced
apoptosis for HBV-induced liver cell injury and the impact
of antiviral immune responses for outcome of infection.
© 2007 The WJG Press. All rights reserved.
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MOLECULAR VIROLOGY OF HEPATITIS B
VIRUS INFECTION
Hepatitis B vir us (HBV) is a small DNA vir us and
www.wjgnet.com

belongs to a g roup of hepatotropic DNA vir uses
(hepadnaviruses)[1,2]. The virus consists of a nucleocapsid
and an outer envelope composed mainly of three hepatitis
B surface antigens (HBsAgs) that play a central role in the
diagnosis of HBV infection. The nucleocapsid contains
hepatitis B core antigen (HBcAg), a DNA polymerasereverse transcriptase, the viral genome as well as cellular
proteins[1,2].
The genome consists of a partially double-stranded
circular DNA molecule of about 3200 base pairs in length
with known sequence as well as genetic organization.
The pre-surface 1 [pre-S1]/pre-surface 2 [pre-S2]/and
surface genes [S] code for the various HBsAgs. The
protein encoded by the pre-core [pre-C]/core gene [C]
undergoes post-translational modification to yield hepatitis
B e antigen (HBeAg), which is a seromarker for high viral
replication[2]. The core gene codes for HBcAg, the major
structural protein of the nucleocapsid. Finally, the X gene
codes for the hepatitis B x antigen (HBxAg). HBxAg has
been shown to be a potent transactivator of cellular and
viral genes. A variety of interactions with cellular proteins
has been proposed as potential targets of HBxAg. The
precise functions of HBxAg, however, in the viral life
cycle and the natural course of HBV infection remain
to be established. In addition to the known viral genes,
several cis- and trans-acting genetic elements involved in the
fine control of gene expression, RNA packaging and viral
replication have been identified[1,2].
The viral DNA polymerase-reverse transcriptase is
encoded by the polymerase gene [P] and is of central
importance for viral replication. Different from all known
mammalian DNA viruses, hepadnaviruses replicate via
reverse transcription of a RNA intermediate [3,4] , the
pregenomic RNA, which is a strategy central to the life
cycle of RNA retroviruses. Similarities and differences
between retroviral and hepadnaviral replication have
been defined [1]. Based on the unique replication cycle
of HBV, antiviral therapeutic strategies aimed at the
reverse transcription of HBV RNA or at HBV reverse
transcriptase have been successfully used as antivirals to
treat HBV infection[5-13].

VIRAL VARIANTS AND PATHOGENESIS
OF INFECTION
Evidence has been accumulating that certain HBV
mutants are associated with unique clinical manifestations,
may affect the natural course of the infection and confer
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resistance to antiviral agents (Table 1) [14-17]. Naturally
occurring mutations in the context of various genotypes
have been identified in the structural and non-structural
genes as well as regulatory elements of the virus. The best
characterized mutants are the pre-core (pre-C) stop codon
mutations resulting in a loss of hepatitis B e antigen[18],
defined clusters of mutations in the core promoter
resulting in enhanced viral replication[19-21], and mutations
in the reverse transcriptase/polymerase genes conferring
resistance to antivirals[16,22]. Furthermore, several mutations
in the HBV surface gene have been identified which alter
the antigenicity of the viral surface proteins (HBsAg) and
structure of the viral envelope[15,23].
HBeAg variants and HBeAg-seronegativity
One of the first HBV mutations clinically recognized
and functionally characterized was the pre-C stop
codon mutation, resulting in a loss of HBeAg. Not all
patients with chronic hepatitis B become HBV DNA
negative, despite seroconversion from HBeAg to antiHBe. Numerous studies have shown that these patients
are infected with a pre-C/C mutant[24,25]. This mutant has
a translation stop codon at the end of the pre-C gene.
Thus, the pre-C/C fusion protein, a precursor of HBeAg,
cannot be synthesized. In these patients, therefore, viral
replication may persist despite elimination of HBeAg and
seroconversion to anti-HBe. While the loss of HBeAg
appears irrelevant for the biology of the virus, it may play
an important role in the interaction of the virus with the
immune system. Secreted HBeAg has been proposed to
have an immunoregulatory function in utero by establishing
T-cell tolerance to HBeAg and HBcAg that may predispose
neonates born to HBV-infected mothers to develop
persistent HBV infection[26]. Recent studies have further
demonstrated an immunomodulatory role of HBeAg in
antigen presentation and recognition by CD4+ T-cells[27].
The selection of HBeAg mutants in the host may be
due in part to immunomodulatory properties of HBeAg
resulting in a survival advantage for the virus[28]. Whether
and how this mutation - either alone or in combination
with other mutations - affects the clinical course of HBV
infection is still unclear.
Of interest in this respect is the observation that
pre-C stop codon mutants are found not only in patients
with fulminant hepatitis[18,29-32] or chronic active hepatitis
B[24,25,33-35], but also in asymptomatic HBV carriers[32] or
acute, self-limited hepatitis [36]. In the woodchuck model,
the pre-C stop codon mutation was found to exert no
effect on viral replication or the severity of liver disease.
Infections with the pre-C stop codon mutant, however,
did not take a chronic course[37]. Interestingly, in the duck
hepatitis B virus model the pre-C stop codon mutant
replicates less well and is overgrown by wild-type virus
during the natural course of coinfection[38].
Core promoter variants and enhanced viral replication
During the last couple of years mutations have been
identified in regulatory genetic elements of the HBV
genome. Several independent studies have identified and
functionally characterized distinct mutations clustered in
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Table 1 HBV variants and their potential impact for
pathogenesis of HBV infection
HBV region Mutation
Pre-S/S

Molecular phenotype

Pre-S1/ pre-S2/ Misassembly
S-promotor		
S
Alteration of B- and
S splicing
T-cell epitopes
				
Pre-C

Pre-C-stop

Core
Core
		

Clinical relevance
Fibrosing cholestatic
hepatitis
Vaccine escape
Immune escape
Diagnostic escape

Loss of HBeAg
Severe hepatitis
              HBeAg-deficiency
Alteration of T-cell
Viral persistence
epitopes
Severe hepatitis

RT/Pol
  Pol
              Replication deficiency    Viral latency
				
Viral persistence
Pol
Resistance to antivirals Therapy escape
		
Regulatory Core promotor
Enhanced replication
Severe hepatitis
Elements		
and core expression
Modulation of
				
drug resistance
		
Decreased HBeAg
HBeAg
		
synthesis
seronegativity
Enhancer I
Decreased replication
Chronic hepatitis
HBV genomic region, mutation, molecular phenotype and clinical relevance
are indicated.

enhancer Ⅱ of the HBV core promotor. Core promoter
mutations are predominantly found in patients with a
more aggressive course of disease such as fulminant[19,39-41]
or chronic hepatitis B[21,33,42-45]. Some of the patients have a
decrease or loss of HBeAg[39,43].
A common hallmark of core promoter mutations is
the biological phenotype of enhanced viral replication
in transfected hepatoma cell lines[19,21,33,39-44] and primary
hepatocytes [20]. The most prevalent mutant comprises
a double mutation (A to T at nucleotide 1764 and G to
A at nucleotide 1766, nucleotide numbering according
to [46] located at the 3`end of enhancer Ⅱ of the basal
core promotor being present in up to 80% of individuals
chronically infected with HBV[47].
Several other core promotor mutations in immuncompromized patients and severe or fulminant liver disease
have been identified[41,42,45]. A common phenotype of these
mutations seems to be the enhanced viral encapsidation by
altering the balance between pre-C and C RNA transcript
levels[42]. Several of these mutations have been shown to
create additional transcription factor (HNF-1, HNF-3,
HNF-4 or C/EBP) binding sites[41,42,48]. The magnitude of
mutant-induced enhancement of viral replication seems to
be dependent on the HBV subtype/genotype[40,49].
The phenotype of enhanced viral replication may be
the reason why core promoter mutants seem to be selected
in immunosuppressed patients or patients with chronic
hepatitis. Interestingly, one study suggested the presence
of core promotor mutations was significantly associated with the development of hepatocellular carcinoma
(HCC)[50]. Furthermore, the high-replication phenotype of
viral strains containing core promotor mutations may play
a role in the pathogenesis of more aggressive or severe
disease associated with these mutations. Interestingly, the
www.wjgnet.com
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transmission of a high-replication strain containing two
core promotor mutations and the pre-C mutation to HBVnaive patients has resulted in an outbreak of fulminant
fatal hepatitis [19]. Enhanced viral replication with the
concomitant increase in viral protein expression may result
in a differential immune response as well as a more rapid
and widespread infection in naive patients[19,20,40]. Altered
viral kinetics accompanied by a more vigorous cellular
immune response may be important mechanisms resulting
in more severe liver injury and potentially fulminant
hepatitis. Another factor contributing to fulminant hepatic
failure associated with defined core promoter mutations
may be hepatocyte apoptosis induced by the HBV
variant[20]. Since not all patients with fulminant hepatitis
are infected with HBV strains exhibiting a high-replication
phenotype[51] additional mechanisms for the pathogenesis
of fulminant hepatitis likely exist[52].
Variants of HBsAg and immune escape
A variety of mutations have been identified in the HBV
structural genes resulting in differential antigen recognition
and immune response[53]. During the course of a passiveactive HBV immunization program in southern Italy,
several children were infected with HBV despite a primary
response to the HBsAg vaccine. Molecular analyses
showed that one of these children was infected with a
HBV mutant[54,55]. This mutant exhibited a defect in the S
region of the HBV genome (glycine (Gly) to arginine (Arg)
at amino acid position 145) with loss of the group-specific
antigenic determinant a, which is the main target of the
vaccine response. Further biological characterization
of this mutant in the context of replication-competent
viral genomes revealed that this mutation also results
in impaired S secretion and decreased virion stability[56].
T his viral mutant was able to escape the immune
surveillance and thereby resulted in an infection despite
the presence of anti-HBs antibodies (‘vaccine escape
mutant’). Similar mutants have been detected in Japan[57]
and the Gambia[58] and presumably occur world-wide[53].
Consistent with these initial observations, a recent study
demonstrated the accumulation of HBsAg a determinant
mutants during the implementation of universal
vaccination programs in Taiwan[59]. In contrast to these
epidemiological observations, a study in the chimpanzee
model using currently available US-licensed HBV vaccines
demonstrated protection against the ‘classical’ vaccine
escape (Gly-145-Arg) mutant in vivo. This study provides
strong evidence that immunization with recombinant
HBV vaccines stimulates anti-HBs that is broadly reactive
and protects the host efficiently from infection with HBV
strains containing the Gly-145-Arg mutant[60]. Since this
study only evaluated the protective properties of licensed
HBV vaccines against the Gly-145-Arg mutant, it does not
exclude the possibility that other genuine vaccine escape
mutants result in immunization failure[60]. Further studies
are needed to address this issue. In addition to immune
escape on the B cell level, vaccine escape mediated by
defined HBsAg epitopes can occur on the T cell level[61].
Taken together, these findings indicate, that careful
epidemiologic monitoring of vaccine failure caused by
infection with HBV mutants may be crucial for the success
www.wjgnet.com
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of global immunization strategies.
‘Immune escape mutants’ have also been reported in
patients after liver transplantation for HBV-related chronic
liver disease who had received monoclonal or polyclonal
anti-HBs antibodies to prevent reinfection of the graft[62-65].
‘Immune escape mutants’ have also been identified in antiHBs positive individuals[57,66].
In addition to ‘vaccine escape mutants’ and ‘immune
escape mutants’, ‘diagnosis escape mutants’ have been
described, since most of the HBsAg detection assays are
based on anti-HBs antibodies[57,67]. Diagnostic escape may
also be the result of a posttranscriptional effect of viral
mutations on HBsAg expression as described by Hass
et al in an elegant study isolating a naturally occurring
mutation targeting splicing of subgenomic RNA[68,69]. The
emergence of these variants may potentially contribute to
occult HBsAg-negative HBV infection[70].
Mutations have further been detected in the pre-S1
or pre-S2 regions of the HBV genome. Their clinical
significance is as yet unknown, however. Since the preS1
region appears to be important for the very first steps of
viral infection[71,72], it is conceivable that variants affecting
this region may also affect the biological phenotype of the
virus by altering its ability to bind or infect hepatocytes.
A pre-S2 defective HBV variant has been associated with
fulminant hepatitis B[73]. A cluster of mutations in the
S promotor (two deletions and a point mutation in the
regulatory element CCAAT) isolated from a patient with
fibrosing cholestatic hepatitis after HBV reinfection of
the transplanted liver has been shown to result in virus
retention and misassembly [74,75]. Furthermore, a recent
study demonstrates evidence that patients with progressive
liver disease have a higher frequency of pre-S deletion[76].
HBsAg variants resulting in a defect or impairment in
virion secretion have also been described in severe and
fulminant hepatitis B[56,77].
Mutations conferring resistance to antiviral therapy
In recent years polymerase gene mutants have been
identified in patients treated with antiviral drugs, resulting
in drug resistance, respectively[78]. Lamivudine, a nucleoside
analogue, is a potent inhibitor of HBV replication and
is clinically used as an antiviral for the treatment of
chronic hepatitis B and advanced HBV-induced liver
disease [11,12,79,80] . Adefovir is an alternative nucleotide
analogue previously licensed for the treatment of chronic
hepatitis B[9,10]. Other nucleoside analogues currently under
clinical investigations include entecavir, emtricitabine,
clevudine and telbivudine[16,78]. Several of these drugs act
as chain-terminators during the synthesis of the nascent
DNA strand, thereby terminating viral replication[16]. Other
nucleoside or nucleotide analogues such as adefovir and
entecavir interfere with priming and minus-strand DNA
elongation[16]. Adefovir and-to a lesser extent-lamivudine
also target initial plus-strand DNA repair[81].
The selection of drug resistant mutants depends
on several factors. As the viral polymerase is subjected
to a spontaneous error rate, viral mutants accumulate
during the natural course of the disease. When an
antiviral pressure is applied, the mutations exhibiting
the best replication capacity in the presence of the drug
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are selected. The mutant spread depends on its level of
intrinsic resistance and on its replicative fitness[16]. This
may explain in part why the peaks of drug resistance
observed with lamivudine (23% at year one and up to 65%
at year five of treatment[82,83]) and with adefovir dipivoxil
(2% at two years and 3.9% at three years of treatment[84,85])
are different.
These mutant viral genomes are characterized by
selective amino acid changes in various domains of the
HBV reverse transcriptase/polymerase. In particular,
lamivudine resistance has been extensively studied. The
reverse transcriptase polymerase of HBV and HIV share
a common and highly conserved tyrosine, methionine,
aspartate, aspartate (YMDD) nucleotide-binding motif
in the catalytic domain of the enzyme. Similar to the
development of lamivudine-resistant HIV mutants,
lamivudine treatment of patients with chronic HBV
infection results in drug-resistant strains, characterized by
YMDD to YIDD (tyrosine, isoleucin, aspartate, aspartate;
“M204I”) or YVDD (tyrosine, valine, aspartate, aspartate;
“M204V”) mutations in the catalytic C-domain of the
reverse transcriptase[16,86]. Interestingly, the mutant genomes
exhibited lower levels of replication when compared
with wild-type genomes [87]. Further studies identified
additional mutations in the neighboring B domain
(V173L and L180M[88]). Interestingly, these mutations can
restore partially the replication capacity of the C-domain
mutations[88].
In contrast to lamivudine, viral resistance to adefovir
appears to be mediated pre-dominantly by a mutation in
the D-domain [84]. The N236T mutation confers only a
5-10-fold resistance to adefovir[84], which may explain the
delayed emergence of this mutant[16]. Another mutation
A181V located in the B-domain has been described [16].
Three recently isolated cases of primary adefovir resistance
were due to a mutation comprising I233V. Interestingly,
the viral variants containing this mutation were sensitive to
tenofovir[22]. Drug resistance due to viral mutations in the
reverse transcriptase/polymerase represents an important
clinical issue in the management of chronic hepatitis B and
may ultimately require the development of novel treatment
approaches including the combination of various antiviral
strategies[16,78].
In summar y, a large variety of HBV mutations
associated with various pathological conditions as well
as drug resistance have been isolated and described in
detail [15]. Studies in vitro as well as in vivo have defined
the functional relevance of several viral mutants.
Furthermore, these studies provided important clues for
the understanding of the impact of these mutants on the
pathogenesis of disease and the molecular characterization
of drug resistance. Functional studies of mutants in
established and emerging HBV in vivo models [89] may
ultimately allow confirmation of the relationship between
defined mutations and their clinical relevance[15].

MECHANISMS OF HBV-INDUCED LIVER
DISEASE: APOPTOSIS
The induction of apoptosis is a hallmark of many viruses
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infecting humans. Although HBV is considered as a noncytopathic virus [14] , hepadnavirus-induced apoptosis
and cytopathic effects have been described in several
experimental model systems: First, a duck hepatitis B
variant containing a single amino acid change in the large
surface antigen resulting in accumulation of cccDNA
resulted in a strong cytopathic effect in hepatocytes in vitro
and in vivo[90-92]. In this system, the level of viral replication
and cccDNA formation correlated with cytopathic effects
in infected hepatocytes[90]. Second, intracellular retention of
the HBV large surface protein has been shown to induce
apoptosis in cell lines[93,94]. In this model overexpression of
the large surface antigen resulted in cellular vacuolization
and apoptosis of transfected hepatoma cells[94]. Third, the
HBX protein has been suggested to induce apoptosis in
both a p53-dependent and p53-independent manner[95-97].
Exploring the mechanism of these previous observations,
a recent study has elegantly demonstrated that HBX
interacts with c-FLIP, a key regulator of the deathinducing signaling complex[96]. Recruitment of c-FLIP to
the death-inducing signaling complex is inhibited by HBX
resulting in hyperactivation of caspase-8 and caspase-3 by
death signals[96]. Finally, a viral variant containing two core
promoter mutations associated with fulminant hepatitis
has been shown to induce apoptosis in primary Tupaia
hepatocytes[20]. Interestingly, in the latter model induction
of apoptosis was independent of viral replication
suggesting that viral protein synthesis was sufficient for
the virus-induced hepatocyte cell death. Since the two core
promoter mutations resulted in two amino acid changes
of the HBX protein, the HBX protein may be a potential
candidate mediating this effect[20]. Further studies in animal
model systems are needed to elucidate the impact of HBVinduced apoptosis for HBV-induced liver injury[20].

IMMUNOPATHOGENESIS OF HBV
INFECTION
Apart from direct biological effects of viral variants
(Table 1) there is growing consensus that the host immune
response, especially the virus-specific T cell response[98], is
the key determinant influencing the course of disease and
the onset of liver disease.
Successful immune response.
A genomic array analysis using liver RNA obtained at
multiple time points after HBV infection in chimpanzees
demonstrated that HBV did not induce any genes during
entry and expansion[99], suggesting it is a stealth virus early
in the infection. In contrast, a large number of T cellderived IFN-gamma-regulated genes were induced in the
liver during viral clearance[99], reflecting the impact of an
adaptive T cell response that inhibits viral replication and
kills infected cells, thereby terminating the infection. These
results are in agreement with several studies performed
in acutely infected patients suggesting an important role
of the adaptive T cell response[98,100-105]. Indeed, several
studies have shown that the peripheral blood cytotoxic
T lymphocyte (CTL) response to HBV is polyclonal and
multispecific in patients with acute viral hepatitis and that
www.wjgnet.com
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it persists indefinitely after recovery, when it is maintained
by continued antigenic stimulation by residual virus that
persists, apparently harmlessly, in healthy convalescent
individuals[106]. In contrast, the CTL response to HBV is
relatively weak in patients with chronic HBV infection,
except during spontaneous disease flares or interferon
(IFN) induced recovery, when it is readily detectable[101,104].
These earlier studies have been confirmed by using new
techniques, such as the tetramer technology. By using
this approach, Maini et al[100] could, for example, show
that multispecific HBV-specific CD8+ T cell responses
are detectable during the acute phase of self-limited
infection and decline thereafter. Of note, a recent study
could also demonstrate that HBV-specific CD8+ T cells
accumulate in the infected organ, i.e., the liver, where they
remain detectable at high frequencies even after HBsAg
seroconversion[107].
Studies in the HBV transgenic mouse model
revealed that, in addition to causing viral hepatitis, virusspecific T cells as well as NK and NKT cells can abolish
HBV expression and replication without killing the
hepatocytes and that this antiviral activity is mediated
by interferon gamma (IFNγ) and tumor necrosis factor
alpha (TNFα)[104,108,109] (Figure 1). Importantly, studies in
the chimpanzee model indicated that the same events are
operative during natural infection. Indeed, in these studies
it was shown that the early phase of HBV clearance
was temporally associated with the appearance of CD3,
CD8 and IFNγ in the liver, which reflects the influx of
T cells into the liver[110]. Of note, there was only limited
liver disease during this time although almost 100%
of hepatocytes were infected, clearly suggesting that
noncytopathic mechanisms were active during this early
phase of viral clearance. In contrast, the final elimination
of the virus that occurred several weeks later occurred
in the presence of significant liver disease, indicating the
presence of cytopathic effector functions that are probably
mediated by virus-specific T cells[110].
To determine which subset of T cells is responsible
for viral clearance and liver disease, the course of HBV
infection in chimpanzees that were depleted of its CD4+
or CD8 + cells was monitored [111]. Depletion of CD4 +
cells did not significantly alter the course of infection.
In contrast to the minor effects observed during CD4depletion, CD8-depletion greatly prolonged the infection
and delayed the onset of viral clearance and liver disease
until CD8+ T cells reappeared in the circulation and virusspecific CD8+ T cells entered the liver[111]. Indeed, in the
absence of CD8+ cells, the duration of peak infection was
prolonged and the time of onset of the initial decrease
in HBV DNA levels and increase in serum ALT activity
was delayed. In addition, the time required for both the
first phase of viral clearance and for the final elimination
of the virus was markedly delayed and prolonged in the
CD8-depleted animal. It is important to note that the
reappearance of CD8+ cells correlated with the appearance
of IFN γ producing virus-specific CD8 + T cells in the
liver, the onset of a mild liver disease, the appearance
of IFNγ mRNA in the liver and a 50 fold reduction in
total liver HBV DNA[111]. These results suggest that HBV
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Figure 1 Cytopathic and non-cytopathic T cell responses against HBV infection.

replication is inhibited early and non-cytopathically in a
CD8 dependent and probably IFNγ associated manner.
The final elimination of the virus occurred several months
later and was associated with a rebound of CD8+ cells
to baseline levels, a surge of the intrahepatic CD8 + T
cell response, a surge in intrahepatic IFNγ mRNA and a
surge in sALT activity. Thus, these results demonstrate
that intrahepatic HBV-specific CD8+ T cells are required
for rapid viral clearance during acute HBV infection. In
addition, the data suggest the existence of dual antiviral
functions that overlap temporally during natural infection
but can be clearly separated by CD8 depletion: a primarily
noncytolytic CD8 + dependent mechanism that may be
mediated by IFNγ and a primarily cytolytic mechanism
that clears the remaining infected cells. It is also important
to note that virus-specific CD8+ T cells display oscillating
effector functions during the course of infection that seem
primarily influenced by the interaction of the T cells with
the antigen-presenting cells[112,113].
T cell failure
In contrast to the strong and multispecific T cell
responses obser ved during acute self-limited HBV
infection, patients with chronic hepatitis B tend to have
weak and narrowly focused immune responses [98]. The
mechanisms that contribute to the failure of the virusspecific T cell response in chronically infected patients are
only poorly understood and may include T cell deletion,
anergy, exhaustion, ignorance and T cell dysfunction.
HBV establishes chronic hepatitis mainly by vertical
transmission from HBV infected mothers to neonates.
The immunomodulatory effects of the HBeAg might play
a role in this setting since it has been shown to be tolerable
to T cells in transgenic mice. An important mechanism
for the development of viral persistence in adults may
be the development of viral escape mutations. Of note,
mutational inactivation of B-cell and T cell epitopes
has been demonstrated in chronic HBV infection but
it seems to occur much less compared to the hepatitis
C virus[101,104,114]. Little information is currently available
about the intrahepatic T cell response during chronic HBV
infection. Of note, one study showed functional, tetramer
positive CD8 + T cells in the blood and the liver of

Baumert TF et al. Pathogenesis of hepatitis B virus infection

chronically HBV infected patients. However, the number
of intrahepatic HBV-specific, tetramer-positive T cells did
not differ between HBeAg negative patients with normal
ALT levels and HBeAg positive patients with increased
ALT levels, even though the intrahepatic cellular infiltrate
was greater in the latter group[115]. These results suggest a
differential contribution of HBV-specific and HBV nonspecific bystander lymphocytes in the pathogenesis of
chronic hepatitis. T cell dysfunction might also contribute
to viral persistence. For example, Reignat et al[116] have
shown that HBsAg-specific CD8+ T cells display abnormal
HLA/ peptide tetramer binding properties in contrast to
HBcAg-positive CD8+ T cells. A high viral load may be
one important factor that contributes to T cell failure. In
this regard, it is important to note that antiviral treatment
can overcome CD8+ T cell hypo-responsiveness in subjects
with chronic HBV infection, suggesting that the T cells are
present but suppressed[117,118]. First evidence suggests that
next to high viral loads and a lack of virus-specific CD4+
T cell help, regulatory T cells may contribute to this T cell
suppression[119,120]. Clearly, additional studies are required to
better understand the complex host-virus interactions that
determine the outcome of HBV infection.
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CONCLUSION
Virus-host interactions, especially the virus-specific T
cell response, are the key factors accounting for the
pathogenesis of HBV infection. Viral variants may
influence the course of disease and deser ve special
attention in the setting of antiviral therapy, immune escape
and reactivation during immunosuppressive therapy.
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Abstract
The human hepatitis B virus (HBV) and the duck hepatitis B virus (DHBV) share several fundamental features.
Both viruses have a partially double-stranded DNA genome that is replicated via a RNA intermediate and the
coding open reading frames (ORFs) overlap extensively.
In addition, the genomic and structural organization,
as well as replication and biological characteristics, are
very similar in both viruses. Most of the key features of
hepadnaviral infection were first discovered in the DHBV
model system and subsequently confirmed for HBV.
There are, however, several differences between human
HBV and DHBV. This review will focus on the molecular
and cellular biology, evolution, and host adaptation of
the avian hepatitis B viruses with particular emphasis on
DHBV as a model system.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Full understanding of the molecular biology of the human hepatitis B virus (HBV) is hampered by a variety of
experimental restrictions. There is no small animal model
system available for infection studies and only few aspects
of the viral life cycle are accessible to biochemical methods. A complete viral infection cycle mimicking natural
HBV infection in vitro could only be achieved until recently
with primary human hepatocytes. The disadvantages of
this system are: (1) restricted accessibility to the cells, (2)
infection inefficiency and (3) high variability in infection
assays. The recent establishment of the HepaRG cell line
is therefore a major breakthrough and allows HBV infection studies under defined conditions for the first time[1].
This review will focus on one of two established animal
virus models; i.e., the DHBV model system. The human
HBV and DHBV share several fundamental features. Both
viruses have a partially double-stranded DNA genome that
is replicated via an RNA intermediate and the coding open
reading frames (ORFs) overlap extensively. In addition, the
genomic and structural organization, as well as replication
and biological characteristics, are very similar in both
viruses. They both infect hepatocytes preferentially and
have a very similar life cycle. Most of the key features of
hepadnaviral infection were first discovered in the DHBV
model system and subsequently confirmed for HBV.
This includes replication of the viral genome by reverse
transcription of a RNA intermediate[2], mechanisms of
covalently closed circular (ccc) DNA formation and
amplification [3], details of reverse transcription [4], and
determinants of host tropism[5].
In light of the above mentioned austerities for HBV,
the DHBV model of hepatitis B virus infection remains a
convenient and reliable system that offers several unique
advantages. Most importantly, steady availability and
highly reproducible infection of primary duck hepatocytes
(PDHs) provide the optimal basis for in vitro and in vivo
studies of the molecular and cellular biology of hepatitis
B virus infection under defined and controlled conditions.
In addition, the chicken hepatoma cell line LMH produces
progeny virus after transfection with cloned, mutant or wt
DHBV genomes, which can be used to infect PDHs or
ducks[6].
Thus, the DHBV model system is a unique system
that allows elucidation of the hepadnaviral life cycle in
considerable detail. However, there are several differences
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between human HBV and DHBV. First of all, DHBV
infection normally results in chronicity since the virus is
transmitted from the hen to the egg (see[7] and references
therein). This infection usually does not lead to liver injury
and the infected duck remains healthy throughout life.
When an adult duck is infected, the infection is usually
eliminated. When HBV is transmitted from mother to
child, it also often results in chronic infection. However,
in a large number of cases, this leads to liver injury and
development of hepatocellular carcinoma or cirrhosis.
When an adult is infected, this can either result in
fulminant, acute or chronic hepatitis when the virus is not
eliminated. Another difference between DHBV and HBV
is expression of the X protein (for further differences see
Table 1). This regulatory protein, with not fully understood
function, is expressed by HBV from a conventional ORF,
but in DHBV, an unusual cryptic ORF is used.
In the last two decades, parts of the hepadnaviral
life cycle, especially the replication strategy, could be
undeceived in considerable detail. In contrast, there is
very little information available on the infectious entry
or secretion pathway. The cellular partners involved in
cell-virus interactions at these stages of infection remain
unidentified and the molecular determinants of host
specificity, hepatotropism and the nature of the receptor
complex still await discovery.
For more information about human HBV and the
other corresponding model systems please see the comprehensive reviews in this issue.

AVIAN HEPATITIS B VIRUSES
The duck hepatitis B virus was discovered in 1980 by
William Mason and colleagues[8]. They found a virus very
similar to HBV in about 10% of Pekin ducks from two
different sources in the USA and they pointed out that
no abnormal level of mortality or signs of hepatitis were
found in the infected ducks. Naturally occurring DHBV
infections have been reported in Pekin ducks and related
species from China, USA, Canada, Europe, India, and
South Africa[9-11].
Since then, avihepadnaviruses have been detected in
various duck species[10] including exotic ducks and geese[10]
(DHBV), in snow geese [12] (SGHBV), a Ross’ goose

r

rrie

ba

Snow geese

Ross' geese

Pekin ducks

WMHBV: woolly monkey HBV; WHV: woodchuck HBV; HHBV: heron HBV;
SGHBV: snow goose HBV.

www.wjgnet.com

Number 1

Herons

Table 1 Comparison of HBV and DHBV

Natural host
Related viruses
Pathogenicity
Chronic infection
Liver injury
Experimental systems
Cell transfection
In vitro infection
Transgenic mouse
Small animal model

Volume 13

Cranes

Figure 1 Phylogenetic tree of avian hepadnaviruses and related hosts.
Phylogenetic relationship of all known avian hepadnaviruses based on preS/S
gene sequence. The corresponding natural hosts are also indicated.

(RGHBV, GenBank Acc.No. M95589), white storks [13]
(STHBV), demoiselle and grey crowned cranes[14] (CHBV)
as well as grey herons[15] (HHBV). Like their mammalian
counterparts, avihepadnaviruses have a rather narrow
host range. For instance, DHBV infects only certain duck
and goose species but neither infects Muscovy ducks nor
chickens[16]. Little is known about the host range of HHBV
or STHBV. Despite its substantial sequence homology
with DHBV, HHBV does not infect ducks and only very
inefficiently primary duck hepatocytes[15]. Recently, we
reported that cranes are naturally infected with a hepatitis
B virus, designated CHBV[14]. Cranes are phylogenetically
very distant from ducks and are more closely related to
herons and storks (Figure 1). Interestingly however, CHBV
infects primary duck hepatocytes with similar efficiency as
DHBV. Collectively this and related data suggest that the
host range of hepadnaviruses cannot be simply predicted
based on the evolutionary relatedness of their respective
hosts. For a comprehensive sequence comparison and a
phylogenetic tree of the host birds see[14].
P hy l o g e n e t i c a n a l y s i s o f t h e va r i o u s i s o l a t e s
demonstrated a rather high variability among DHBV
strains, whereas genomes from other avihepadnaviruses,
such as stork or crane hepatitis B virus, appear less
variable. HHBV infection occurs not only in captive grey
herons, but also with high prevalence in free-living birds.
We have detected HHBV in another heron species (great
blue heron) as well as in two of its sub-species (great white
heron and Würdemann’s heron). Thus, the virus persists
in free-living birds and is an endogenous virus of several
heron species.
DHBV will certainly remain the most important
avihepadnavirus for research purposes since the infection
system with PDHs and the important research tools
are well established. It is possible to generate mutant
viruses after transfection of cloned DHBV genomes into
the chicken hepatoma cell line LMH [6]. Thus, different
mutations can be studied not only concerning their effects
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THE AVIHEPADNAVIRAL LIFE CYCLE: AN
OVERVIEW
Avian hepatitis B viruses belong to the family of DNA
viruses that replicate their DNA genome by reverse
transcription of an RNA intermediate. Thus, they belong,
together with the cauliflower mosaic virus, to the group of
pararetroviruses that do not integrate their genome into
host cell chromosomes.
A schematic view of the DHBV genome and structure
of virions is shown in Figure 2. The genome of DHBV
has an unusual design. It consists of a ca. 3000 bp partially
double-stranded DNA. The circularity of the genome is
achieved by overlapping cohesive 5’ ends[18]. The coding
negative strand is complete and even has a short terminal
redundancy but is not covalently closed. Its 5’ end is
covalently attached to the viral polymerase P [19]. The
positive strand is not complete but encompasses between
40% and 85% of the genome [20]. However, the length
of the gap varies among different hepadnaviruses and is
smallest in DHBV[18]. Attached at the 5’ end of the positive
strand is a short ribooligonucleotide, which is a remnant
of the pregenomic RNA (pgRNA)[21]. Both 5’ terminal
structures function as primers during viral replication[21].
As another particularity, the viral genome has two direct
repeats (DR) with a length of 11 base pairs that have
important functions in replication.
The viral genome organization is very compact and
economic. All nucleotides have a coding function in
at least one of the four open reading frames (ORFs).
Regulatory sequences such as enhancers and promoters,
as well as several cis-acting elements, overlap with coding
regions. The first ORF encodes the surface proteins L and
S, the second codes for the capsid protein as well as the
e-antigen, the third for the polymerase and a cryptic fourth
for the X protein[22].
Two different types of spherical viral particles can be
detected in the serum of infected ducks: infectious virus
particles (virions) with a diameter between 40 and 60 nm
and subviral particles (SVPs) with a diameter between 30
and 60 nm, which lack the 27 nm nucleocapsid, including
the viral genome [23]. After transfection of cell lines, a
third particle entity can be detected in the cell culture
supernatant. These cells secrete so called ‘naked capsids’
lacking the viral envelope for unknown reasons.
The virus is surrounded by a lipid envelope, which
presumably originates from the host cell endoplasmic
reticulum (ER) membrane, and contains both viral surface
proteins. For HBV, it has been shown that the membrane
is rich in phosphatidyl choline (60% of all lipids) as well
as cholesterol (30% of all lipids)[24] and thus differs from
the lipid composition of the cellular ER membrane,
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on replication but also on infection efficiency and events.
In addition, in vivo infections can be performed in ducks
without the need to establish expensive handling facilities
and without risk. In these ducks not only the host range
of hepadnaviruses can be studied in considerable detail (in
addition to in vitro studies), but also the activity and toxicity
of antiviral substances can be addressed[17].
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Figure 2 Virion structure and genome organization of avian hepadnaviruses.
The viral envelope is derived from hepatocellular membranes and contains the
viral surface proteins S and L. It covers the nucleocapsid harbouring the viral
genome with the covalently linked terminal protein domain (TP, orange circle)
of the polymerase (P, red circle) and cellular proteins like Hsc70. The genome
is organized as depicted. The various transcripts are indicated by thin lines with
the small arrowhead indicating the start sites. The partially double stranded, viral
DNA with the covalently bound TP domain of P (red circle) is symbolized by the
thicker lines. The numbered circles 1 and 2 on the viral DNA represent the direct
repeats (DR). Enh represents the enhancer domain. The ORFs encoding core (C),
polymerase (P), and the surface proteins (preS and S) are symbolized by thick
arrows. Epsilon (Dε) is the stem loop structure on the pgRNA which acts as an
encapsidation signal and replication origin. The second encapsidation element DεII
is unique to avian hepatitis B viruses, since the mammalian counterparts lack this
RNA structure. SD and SA represent the major splice donor and acceptor sites,
respectively.

implicating that lipids are actively selected for the viral
membrane. In total, the amount of lipids in comparison
to the amount of protein is very small, in SVPs the weight
ratio is about 1:4[25]. Thus, the lipids in the viral envelope
are presumably not forming a lipid bilayer but protein
aggregates seem to be separated through short lipid
regions[26]. This strongly restricts the lateral mobility of
the envelope components. The lipid composition of the
DHBV envelope remains to be determined.
SVPs largely consist of the viral surface proteins S
and L, which are incorporated into the envelope. They do
not contain viral DNA and are thus not infectious. This
entity is secreted from infected cells in excess compared to
virions. It is assumed that per virion 1000 to 10 000 SVPs
are secreted[27]. SVPs can compete with viral binding and
thus infection[28]. In contrast, it has been shown that SVPs
enhance infection when a very low multiplicity of infection
(MOI) is used, which indicates an important role in the
viral life cycle[29].
Complete virions contain an icosahedral capsid inside
the envelope, which is about 35 nm in diameter as seen
in cryo-electron microscopy or 27 nm in negative stain
pictures and consists of 240 subunits of core protein[30].
The nucleocapsid holds the viral DNA genome with the
covalently attached polymerase.
Cellular components can additionally be packed into
viral particles. This is the case for Hsc70, which was
detected in large amounts[31]. The identity and function of
other proteins of cellular origin are still unknown.
A schematic view of the viral life cycle is shown in
Figure 3. The life cycle of DHBV starts with attachment
of the viral particles to their receptor/receptor complex
on the surface of the target host cell. This is mediated
by the preS domain of the viral L protein that binds to
www.wjgnet.com

94

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

January 7, 2007

Volume 13

Number 1

SVP
Virion
Cytoplasmic membrane

Secretion

Endocytosis
Nuclear re-infection

Envelopment
and budding

Reorganisation of ER and formation
of virus containing vesicles
Nuclear pore

Mature nucleocapsid

rcDNA

cccDNA
Transcription
Cap
Cap
Cap

(A)n

Ribosomes
(A)n

(A)n

ER
Pol
Pregenome
encapsidation

Export
Cap
Cap
Cap

(A)n
Viral RNAs

(A)n

Surface protein synthesis,
L translocation, assembly and budding

(A)n
Core protein

Figure 3 Model of the hepadnaviral life cycle. The hepadnaviral particle binds the hepatocyte via a specific receptor complex/molecule. It then enters the cell via
endocytosis and is transported intracellularly in a MT-dependent fashion. After release out of the endosomal compartment, the nucleocapsid containing the viral DNA binds
the nuclear pore complex and the viral genome is released into the nucleus. It is also possible that the whole nucleocapsid enters the nucleus and releases the viral DNA
inside. Afterwards, the viral rcDNA is converted into cccDNA and viral transcripts are made. These are exported into the cytosol where the pgRNA is packaged together with
the viral polymerase into the nucleocapsid. Inside the capsid, the RNA is reverse transcribed into the viral DNA genome. These matured nucleocapsids can then either be
transported to the nucleus to add to the cellular cccDNA pool or they interact with viral surface proteins on the cellular ER membrane. There, the nucleocapsid buds into the
lumen of the ER and is then transported in a yet undefined fashion to the cell surface where the viral particle is released into the cell exterior.

unknown cellular receptor compounds. After binding, viral
particles are taken up into the cell by receptor-mediated
endocytosis [32-34] . Then, the nucleocapsid is released
from the endosomal compartment into the cytosol. It is
currently under discussion whether a low endosomal pH is
necessary for this release. The cytoplasmic nucleocapsids
are then transported to the nucleus to initiate productive
infection. This transport strongly depends on active
microtubules (MT) but not on actin[27].
After reaching the nuclear membrane, the core protein
is presumably phosphorylated and exposes a nuclear
localization signal. This results in binding of nuclear
factors; e.g., importins, to the capsid, which leads to uptake
of the whole complex into the nucleus [35] . However,
disassembly of the capsid near the nuclear membrane and
subsequent transport of the viral DNA into the nucleus
www.wjgnet.com

cannot be excluded.
In the nucleus, the relaxed form of the viral genome,
the rcDNA (relaxed circular), is converted into the
covalently closed, circular form (cccDNA). This is only
possible after removal of the 5’-terminal structures (protein
and RNA), repair of the gap and covalent ligation of the
strands by cellular proteins. The cccDNA is usually not
incorporated into the host genome but is organized in
nucleosomes in the form of an episome[36].
Transcription of the viral genome is mediated by the
cellular RNA polymerase Ⅱ[37]. In vivo, three different
viral RNA classes could be identified, which are all
polyadenylated and posses a cap structure [21]. They all
have the same 3’ end since only one polyadenylation site is
present in the viral genome but have different 5’ ends due
to different transcription initiation sites. The different viral
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Core protein and e-antigen
The viral core protein fulfils several opposing functions
during the different stages of the viral life cycle; e.g., nucleic acid binding and assembly opposed to disassembly
and nucleic acid release. These diverse functions are partly
regulated by: (1) subcellular localization, (2) quaternary
structure and (3) posttranslational modification by phos-
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RNAs are transported into the cytoplasm and translated.
The two longest RNAs (3.5 kb), which stretch the whole
genome, have two different functions. They code for the
viral proteins core, the polymerase and e-antigen but one
also serves as the pregenome[21]. Part of the 3.5 kb mRNA
is spliced and serves as mRNA for L protein synthesis. A
second class of viral RNAs (2.1 kb) encodes for the large
surface protein, and the third class (1.8 kb) codes for the
small surface protein, which is the most abundant one.
The identity of the X-encoding RNA is unknown.
After export into the cytosol, the viral RNAs are
translated and the viral surface proteins are directly
inserted into the ER membrane. Once inserted, they can
autonomously form subviral particles or interact with
capsids to form virions.
In the cytosol, core protein dimers interact with each
other and self assemble with the viral polymerase and the
pgRNA into ribonucleoprotein complexes[38]. The pgRNA
is packaged upon a chaperone-mediated interaction of
the polymerase with the stem loop structure epsilon (ε).
This structure also serves as the replication origin for the
reverse transcription. Prior to packaging, the core protein
is phosphorylated[39]. It is currently unclear whether reverse
transcription initiates during ribonucleoprotein complex
formation or after assembly of the capsid. However,
when the pgRNA is inside the capsid, the particles mature,
e.g. the RNA is reverse transcribed into the viral DNA
genome and the core proteins are dephosphorylated[2,40].
The mature capsids interact with the viral surface proteins
at the membrane of the ER and bud into the lumen,
thus forming complete virions. The enveloped virions
are then presumably transported through the constitutive
secretion pathway to the cell surface and are released there.
Alternatively, mature capsids can be transported to the
nucleus and add to the cccDNA pool. After a successful
infection, between one and 20 cccDNA molecules can
be detected inside the nucleus[41]. This re-infection cycle
preferentially occurs during establishment of an infection
when the levels of large surface protein are low[42]. After a
successful infection, the levels of L inside the cell rise and
capsids preferentially form virions and are secreted.
In the absence of mature capsids and due to the
autonomous budding activity of the viral surface proteins,
subviral particles are formed. S as well as L proteins seem
to accumulate in membrane domains of the ER where
they reach quite high densities. When they reach a critical
density, they presumably bud into the ER lumen and form
subviral particles.
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Figure 4 Phosphorylation sites of the viral core protein. The C-terminal sequence
of the core proteins from DHBV and HBV are shown. Red brackets indicate
the phosphorylation motifs, bold letters indicate the phosphorylated amino acid
residue.

phorylation and dephosphorylation of its C-terminus.
The viral nucleocapsid is composed of dimeric
subunits of the viral core protein (DHBc) with a molecular
weight of 32 kDa. The N-terminal region of the core
protein (up to about 144 aa) is acetylated[43] and sufficient
for assembly of the capsid shell[44,45]. The carboxyterminal
end of the protein, the so called C-terminal domain (CTD),
is extremely basic and binds nucleic acids. This is essential
for packaging of the pgRNA into the nucleocapsid as
well as progression of reverse transcription within[44,46]. In
addition, a nuclear localization signal is present between aa
184 and 226 along with a nuclear export signal[47].
The major phosphorylation sites in the core protein
are mapped to the arginine-rich C-terminus. This domain
contains consensus sequences for different cellular
kinases, such as PKC, SRPK1 and SRPK2 (Figure 4).
Furthermore, Thr174 is highly conserved and is a cdc2
kinase phosphorylation site. Compared to the extracellular
core protein, intracellular core is highly phosphorylated.
Mutational analysis of the major phosphorylation sites
revealed that individual or combined substitution had no
overt effect on pgRNA packaging. However, the S245A
mutant was deficient in genome maturation [48]. It has
been shown that the CTD contains several phosphosites,
which are heterogeneously phosphorylated intracellularly
and hypophosphorylated or non-phosphorylated in the
secreted virion[40,43]. This dephosphorylation, which occurs
as nucleocapsids mature (meaning that the pgRNA is
reverse transcribed into the rcDNA genome), is thought
to be a maturation signal that results in secretion of only
fully matured virions containing the DNA genome[43]. In
addition, it has been shown that binding of hepadnaviral
capsids to the nuclear pore complex depends on the
phosphorylation status of the core protein[35]. The kinases
or phosphatases implicated in these steps are not known.
This is also true for the fate of the nucleocapsids after
nuclear binding; it is not known whether they disassemble
at the nuclear pore and thereafter release the viral DNA or
if they are transported through the nuclear pore and then
disassemble.
DHBc has the autonomous ability to assemble
into particulate structures, which is dependent on the
DHBc concentration[49]. The nucleocapsid is a dynamic
str ucture and subject to regulated confor mational
transitions. Formation of progeny virions requires stable
www.wjgnet.com
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nucleocapsids, whereas during viral entry, the incoming
viral structure must disassemble and release the viral
genome. Furthermore, reverse transcription of the viral
genome occurs within the capsid and it is thought that this
is linked with structural rearrangements in the capsid.
The ultrastructural analysis of the HBV core protein
revealed that the monomeric form is dominated by a
long alpha-helical hairpin structure[45]. The first step of
capsid formation is the homodimerization of two core
protein monomers that arrange in a way that leads to an
antiparallel order, which results in an almost exact twofold
symmetry. As a result, the characteristic spike on the capsid
surface is formed by a compact four helix bundle. These
spikes are the regions that interact in the virion with the
viral envelope structures. Preliminary 3D reconstruction
of the DHBV capsid suggests that the protein forms
T-shaped dimers similar to the human core protein (M.
Nassal, personal communication).
The open reading frame that encodes DHBc also
codes for a nonstructural viral protein, which is the
DHBe or precore. This e-antigen is, compared to the
DHBc, truncated at the C-terminus and extended on
the N-terminus. In addition it contains a type I signal
recognition sequence. It is translocated into the ER during
synthesis where the signal recognition sequence is cleaved
and the C-terminus removed. After this processing,
e-antigen is transported through the Golgi complex and
secreted from the infected cell[50,51]. It has been shown that
the e-antigen is glycosylated[50]. The glycosylation pattern
seems to differ among the different avian hepadnaviruses
and even among different isolates of DHBV due to the
presence of different numbers of N-glycosylation sites.
This is, for instance, obvious in a recent study of HHBV
e-antigen that has one glycosylation site. This resulted in
two bands in immunoblot analysis (one for glycosylated
and for non-glycosylated e-antigen), while CHBV e-antigen
with two N-glycosylation sites showed three bands on the
immunoblot[14].
DHBe can be detected in the ser um of infected
ducks[52] and serves as a marker for efficient viral replication. Its exact function is unknown, but it has been
shown that it plays no essential role in viral replication,
morphogenesis or infectivity[53]. However, it seems to play
a role in the establishment of chronic infections[54] and its
absence may confer a growth advantage of precore-minus
mutants over wildtype virus[55].
Polymerase
The viral polymerase is a multifunctional protein of about
90 kDa in size. It has a DNA-dependent DNA polymerase
activity/domain to fill the gap in the viral DNA during
replication [56] and an RNaseH activity/domain to
selectively digest RNA from an RNA-DNA-hybrid
molecule[57], as it has been shown for HBV. It also has
reverse transcriptase (RT) activity to transcribe the RNA
pregenome into the DNA genome during replication[2].
The polymerase homology domain is centrally located,
whereas the RNaseH homology domain is located near the
C-terminus of the protein. Viruses with point mutations in
these regions are either defective for viral DNA synthesis
or only allow negative-strand but not positive-strand DNA
www.wjgnet.com
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synthesis [56]. Most N-terminal sections of the polymerase
domain are spacer regions without any other apparent
function [58] . Most N-terminal sections are the region
implicated in the covalent linkage of the P protein to the
viral DNA often referred to as terminal protein.
In the process of viral genome replication, during
which the pregenomic RNA is transcribed into the
genomic DNA, the different domains can assert their
different functions. The pgRNA is transcribed from the
viral cccDNA by cellular polymerase Ⅱ. This RNA is then
transported into the cytosol and binds the viral polymerase
and the core proteins. The polymerase recognizes the
epsilon and another downstream region on the viral
RNA and binds there with the help of cellular proteins
like Hsp90[59]. Inside the particle, the RNA is transcribed
into the negative strand DNA by the RT domain of the
polymerase. This process is primed by the protein itself
and tyrosine 96 of the P protein serves as a primer[60]. This
results in covalent attachment of the nascent DNA strand
onto the terminal protein part of the polymerase. After
attachment of about 4 nucleotides, this DNA product is
transferred to the DR1 sequence on the viral pgRNA. This
is possible since the epsilon signal and the DR1 share a 4
nucleotide identity. From this position, the DNA negative
strand is elongated by the conventional mechanism[61,62]. As
this elongation proceeds, the template RNA is degraded
by the RNaseH activity of the viral polymerase[2,63]. The
end product of this reaction is a negative-stranded DNA,
which is terminally redundant by about 8 nucleotides.
Positive strand synthesis is initiated at DR2 and
primed by a short oligoribonucleotide, which is a remnant
from the pgRNA [64] . This primer is transferred to a
complementary region at the 5’ end of the negative strand
DNA for positive strand synthesis. From there, synthesis
of the positive strand proceeds.
Sometimes (in about 1% to 5% of cases) the primer
fails to translocate. This results in a process called in situ
priming, where a fully duplex linear DNA is the end
product[65]. This is a dead end for viral replication but may
be the cause for integration of some viral genomes into
the chromosomal DNA of the host cell.
Elongation of the positive strand proceeds until
the 5’ end of the negative strand is reached. Then, an
intramolecular strand transfer is needed to complete
positive strand synthesis. This happens after circularization
of the genome, which is possible because of the short
redundancies at each strand end. After the circularization,
positive strand synthesis can proceed. Usually elongation
does not proceed until the end of the template is reached.
In the case of DHBV, normally about 80% of the positive
strands complete elongation[20].
Envelope proteins
The multiple functions of the viral envelope proteins
are reflected by the domain organization and unique
biochemical features. The DHBV envelope proteins are
encoded by a single ORF consisting of the preS and S
domain. The viral envelope proteins are inserted into the
membrane of the virus that originated from intracellular
membranes (presumably the ER) of the infected cell. In
the case of DHBV, these envelope proteins are the small
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protein S, which constitutes about 80% of total envelope
proteins, and the large protein L, which constitutes about
20%[66,67]. S protein is thus the most abundant protein in
the viral envelope. It determines the envelope curvature
and is indispensable for both budding and secretion of
viral particles. Both viral surface proteins are unique
compared to other viral surface proteins in their relatively
complex structure and topology[68]. They have a molecular
weight of 18 and 36 kDa, respectively, and are anchored
in the membrane by several transmembrane domains.
The C-terminus of both proteins are identical, while L
is N-terminally extended by 161 aa compared to S. The
length of this extension varies with the isolate. This
unusual organisation results from differential transcription
of a single ORF[67] (Figure 2).
The L protein is modified with myristic acid at its
N-terminal glycine after removal of the first amino acid
methionine, which presumably anchors the protein in the
membrane in addition to the transmembrane domains[69].
This myristoylation is required for infectivity of the virus
but not for assembly[69]. Unlike the envelope protein of
HBV, DHBV L and S are not modified by N-glycosylation
although they contain consensus glycosylation sites. In
contrast, it has been shown that the DHBV L protein (p36)
is the only surface protein that is phosphorylated[70,71]. This
phosphorylation occurs at serine 118 by an ERK-type
MAP kinase and is not essential for viral replication, particle formation or infectivity[71].
As transmembrane proteins, L and S are incorporated
cotranslationally into the ER membrane. The proteins have
four transmembrane domains (TM1 to TM4) that anchor
them in the membrane and consist of membrane-spanning
hydrophobic alpha-helices (Figure 5). In addition, the preS
domain of the L protein contains two translocation motifs
(TLM), which are 12 amino acid encompassing domains
that form an amphipathic alpha helix[32]. TLMs mediate
an energy- and receptor-independent transfer of peptides,
nucleic acids and proteins when fused to them across
membranes without affecting their integrity[72]. The DHBVTLMs are located between amino acids 20-31 (TLM1) and
42-53 (TLM2) and required for viral infectivity.
Worth mentioning is the dual topolog y of the L
protein[73]. After cotranslational insertion of the protein
into the cellular membrane, part of the proteins changes
the topology (Figure 5). This leads to exposure of the
N-terminus to the cytosolic side of the membrane in
about half of the L proteins while the other half has the
N-terminus directed to the luminal side[74]. In this way, the
protein can fulfil two different functions: it can interact
with the cellular receptor on the outside of the virus and it
can interact with the nucleocapsid on the inside. Whether
S also adopts a dual topology remains to be determined.
The viral surface proteins are able to autonomously
form subviral particles without the help of an interacting
nucleocapsid. The exact mechanism of this phenomenon
is not known, yet it is assumed that the proteins interact
with each other to for m microdomains in the ER
membrane from which they bud when they reach a critical
density. A prerequisite for this budding activity would be
a tight interaction of the viral surface proteins with the
membrane lipids and a membrane bending activity. When
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Figure 5 Dual topology of the viral surface protein L. The L protein is inserted into
the ER membrane during synthesis with transmembrane domain 2 being inserted
into the membrane. Half of the proteins then change their topology and insert the
transmembrane domain 1 into the ER membrane. After this change and formation
of the virus, L can exert its two basic functions; interaction with the nucleocapsid
on the cytosolic preS domain and interaction with the host cell receptor on the
surface of the viral particle.

L protein is expressed without the S component, particles
are formed inside the cells, but are not secreted. This
retention and secretion defect can be overcome by coexpression of the S protein[75]. This implies an important
function for the S protein in secretion of viral particles.
Another function of the L protein is regulation of
cccDNA amplification. As mentioned above, cccDNA
is the replication template for all hepadnaviruses. It
is a prerequisite for maintaining chronic infection of
hepatocytes and is the main obstruction during antiviral
therapy since it is mostly not eliminated from the cells. The
amount of cccDNA inside the host cell nucleus is thus of
great importance for the virus. To maintain its replication
template in the nucleus, it re-infects and this process is
regulated in an elaborate manner by the large viral surface
protein[76]. During the early stage of infection when the
amount of L protein is low inside the cell, mature core
particles preferentially infect the nucleus to add to the
cccDNA pool. Concomitant with the increase in cccDNA,
the levels of L increase. This leads to redirection of the
mature capsids into the secretory pathway and reduces
cccDNA amplification.
The L protein is also responsible for superinfection
exclusion, which prevents hepadnaviral infection of
already infected hepatocytes[77]. This phenomenon was
first ascribed to downregulation of the putative viral
receptor protein gp180. This has not been confirmed
and it has been suggested that superinfection exclusion
may result from a role of L as a regulator of intracellular
trafficking[77].
The L protein not only plays a role in viral morphogenesis or cccDNA amplification, but it is also implicated
in additional regulatory functions such as signalling[71].
The cytosolically exposed preS domain of the L protein
has the potential to activate gene expression from cellular
promoter elements in trans. It is also phosphorylated by
ERK2 at serine 118, which is induced by various stimuli
and may play a role in intracellular virus-host crosstalk[71].
X protein
One major difference between the avian and mammalian
hepatitis B viruses is the presence of an ORF called X in
the latter. The function of this regulatory protein is still
far from being understood. Recently it has been reported
www.wjgnet.com
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Figure 6 Current model for entry and intracellular trafficking of DHBV. The hepadnaviral life cycle starts with the attachment of virions to specific binding sites on the
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that X protein enhances the replication of transfected
HBV genomes[78]. DHBV lacks an apparent X-ORF. But
a cryptic X-like ORF has recently been reported[22]. In vivo
experiments have suggested no functional role for this
gene product in DHBV short term infection[79].

DHBV INFECTION
In vitro infection
Hepadnavir uses can only efficiently infect primary
hepatocytes with the exception of the recently published
HepaRG cell line, which can be infected with the human
HBV [1]. Thus, primary hepatocyte cultures have to be
established for use with hepadnaviruses. In the case of
DHBV, either primary fetal or adult hepatocytes can be
used. Fetal hepatocytes can be obtained easily from the
livers of non-hatched duck embryos. These are digested
with collagenase, washed and plated. This results in a
mixed culture containing hepatocytes as well as other cells
of the liver, which are the non-parenchymal cells, such as
macrophages, sinusoidal endothelial cells, and fibroblasts.
Alternatively, primary duck hepatocyte cultures can be
obtained from adult ducks by liver perfusion. This results
in a rather homogenous suspension of cells containing
high amounts of hepatocytes (up to 90%) compared to
www.wjgnet.com

non-parenchymal cells. Compared to primary human
hepatocytes, PDHs are about 20 times more permissive to
hepadnaviral infection.
The cells are cultured in a standard medium containing
hydrocortisone, insulin as well as DMSO. The DMSO
is important for maintaining differentiation and thus
infectability of the cells[80]. Under these culture conditions,
the cells remain infectable for up to 2 weeks in culture and
viral spread occurs. The DMSO as well as omitting serum
from the cell culture medium are essential conditions for
maintaining cellular infectability since addition of serum
to the cultures decreases the amount of cellular receptor
proteins on the cell surface[81].
Research with the in vitro model of DHBV infection
has lead to the discovery of many different features of the
hepadnaviral life cycle. However, while factors involved in
the early and most vulnerable steps of the viral life cycle
(Figure 6) have been identified for a variety of viruses,
little is known for hepadnaviruses (for a review see[7] and
references therein).
Hepatoma cell lines, which can replicate the viral
DNA and produce progeny virus after transfection of
the viral genome into the nucleus, are not permissive for
infection with the virus itself[82]. This phenomenon led
to the assumption that the absence of a viral receptor or
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receptor complex on the cell surface of these cells is the
major determinant for infection. Great effort was invested
to identify these molecules. But to date, the molecules
responsible for the viral uptake that leads to productive
infection are still unknown, although carboxypeptidase D
(gp180) has been shown to specifically interact with the
viral L protein and leads to internalization of viral particles
after heterologous expression[83-85]. However, this did not
lead to productive infection of these cells. In addition, the
protein has been shown to not only bind DHBV, but also
the viral surface protein from heron HBV, which does not
infect PDHs, and this protein is not liver specific. It thus
cannot be the determinant for viral host range or tissue
specificity. This shows that either additional factors are
required for the infection or that gp180 plays no role in
the productive uptake and binding of the virus.
Initial binding of hepadnaviral particles seems to
involve a component with low affinity without saturation
and a component with high affinity and saturation [28].
This indicates that the binding involves at least two
determinants and thus components. Several competition
experiments with recombinant preS peptides, neutralizing
antibodies and SVPs showed that the preS region of
the viral L protein is essential for viral binding and the
establishment of an infection[26,28,86,87]. In addition, it has
been shown that preS peptides that were myristoylated
were much more efficient in preventing DHBV infection
than non-myristoylated peptides, which indicates that
the myristoylation of L plays an important role during
infection[86].
To gain more insight into the enigmatical early steps
of hepadnaviral infection, we recently characterized the
early attachment and entry events of DHBV infection in
PDHs[27]. To do so, we established a sensitive, PCR-based
assay that allowed us to investigate viral binding and entry.
This binding and entry assay showed that only a small
proportion of the inoculum binds to the cell surface of
hepatocytes. Also the overall number of particles that bind
to the cell surface is quiet low, after 2 h at 4℃, only up to
10 virions and 10 000 SVPs per cell were detectable. This
indicates that the number of hepatocellular surface binding
sites is about 10 000 per cell. Binding was prevented by the
use of neutralizing antibodies as well as suramin, which
also prevented viral infection showing that the detected
binding sites are relevant for productive infection.
The steps after viral binding also remain quite elusive.
It was shown years ago that the kinetics of DHBV
uptake is unusual since binding and entry seem to be very
slow. For a maximal infection efficiency, cells have to be
incubated with the virus up to 16 h[80]. We have recently
shown that viral uptake indeed needs an unusually long
time period[27]. 1 h after attachment only about 70% of
bound DHBV was taken up and internalization was
complete within 3 h. This shows that virus uptake itself
takes a relatively long time period, but since after 3 h all
bound virions were internalized, uptake is very efficient.
In contrast, viral trafficking inside the cell does not seem
to be efficient since a high proportion of viral particles
are degraded after viral entry into the cell and thus cannot
establish infection[34].
It has been shown previously that DHBV entry into
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PDHs requires energy, which indicates that cellular and/
or viral processes actively take place and that DHBV is
presumably entering the cell via endocytosis[33,34]. Studies
addressing the pH-dependency of DHBV infection by the
use of chemical substances that increase endosomal pH
led to contradicting results[33,88-90]. However, the weight of
data favours pH-independent entry as well as an endocytic
mechanism and shows that the virus does not require
passage through a highly acidic compartment. The effect
of the vATPase inhibitors seem to be due more to effects
on viral trafficking inside the cell than on the endosomal
pH alone[34].
After the virus is taken up by the cell via endocytosis, it
has to be transported to the nucleus to establish infection.
In the nucleus, the viral rcDNA is converted into the
cccDNA. This conversion is detectable within the first
24 h after virus inoculation [27,91]. Thus, after efficient
viral uptake there is an unusually long gap of 13 to 17
h before the appearance of nuclear viral cccDNA. This
gap suggests that there is a rate-limiting post entry step
that preceeds cccDNA formation, which involves viral
uncoating and nuclear genome transport, or is required
for rc- to cccDNA conversion. The intracellular transport
has been shown to be independent of the actin skeleton,
which in contrast seems to restrict entry, and is strictly
dependent on the microtubule (MT) network of the cell[27].
Overexpression of dynamitin, a cofactor subunit of the
motor protein complex dynactin-dynein, which mediates
transport along microtubules, also reduced DHBV
infection (our unpublished data). To date it remains
unknown whether the MT-dependent transport of the
virus (or the nucleocapsid alone) occurs only at the stage
of the endosome or if the virus alone also interacts with
microtubules.
To deliver the viral DNA into the nucleus, it has to
be released from the viral particle and, prior to that,
the viral particle has to be released from the endosomal
compartment it resides in. It has been shown that this
involves an unusual mechanism that depends on the
integrity of a so called TLM[32]. The TLM thus mediates
release of the viral particle out of the endosome into
which it initially entered.
The infectious entry pathway of hepadnaviruses
appears to involve a series of highly coordinated and
directional steps leading to the nuclear delivery of viral
genomes essential for the establishment of a productive
infection. These steps may, alone or in combination,
determine the species and host cell tropism common to all
hepadnaviruses.
In vivo infection
DHBV-infected ducks exhibit age-related outcomes of
infection, which is similar to HBV-infected humans. In
principle, hepadnaviruses have the ability to cause either
a transient or chronic infection. When infected with
DHBV, young ducks develop persistent infection whereas
adult ducks become transiently infected and eliminate
the virus [92]. These different outcomes are viral dose
dependent; persistent infection in young ducks develops
more frequently with higher doses of virus[92]. In some
cases, dependent on age and infection with a given mutant,
www.wjgnet.com
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experimental infections can cause symptoms of a liver
inflammation [93]. It has been shown that one genome
equivalent is sufficient to infect a duckling and that spread
of the virus within the liver is very efficient: 14 d after
inoculation, virtually all hepatocytes were infected[94]. In
addition, it has been shown that the difference between the
infection outcome in older and neonatal ducks depends
on the production of neutralizing antibodies against the
virus[95]. The rapid production of neutralizing antibodies in
older ducks led to an efficient inhibition of viral spread in
the liver.
The duck hepatitis B virus infects Chinese domestic
and American pekin ducks as well as geese. Normally,
infection takes place through vertical transmission from
the infected hen to the eggs and results in a chronic
infection that is without symptoms and is tolerated by the
immune system[23]. The virus then replicates in the egg
yolk sack and is transferred to the embryonic hepatocytes
by day 6 of development[96]. Thus, all offspring from an
infected hen are DHBV-positive.
When DHBV infection is persistent in the duck, viral
replication mainly occurs in the hepatocytes of the liver.
Usually, the level of viral replication is then very high,
with most hepatocytes infected and expressing the viral
antigens. This is also reflected in the amount of viral
antigens circulating in the blood stream. Up to 1010 virions
and 1013 SVPs can be detected per ml of serum[97].
In vivo infections with DHBV are often used to study
the growth kinetics of viral mutants [79] . This allows
elucidation of specific mutations in the viral genome on
the behaviour of this respective mutant in their natural
host. In contrast to the in vitro situation, the role of the
immune system and the spread of the virus within the
infected liver can be assessed.
It has been shown that the addition of lipopolysaccharides (LPS, endotoxin) to PDH cultures inhibited
DHBV replication efficiently[98]. This was due to the release
of interferon alpha and gamma from non-parenchymal
cells (i.e. Kupffer cells, resident macrophages of the liver).
The exact mechanism behind this phenomenon is not
known.

HOST SPECIFICITY
All known hepadnaviruses are strongly, but not exclusively,
cell type specific and have a narrow host range restricting
them to their natural host and a few closely related species
(Figure 1). DHBV, for example, infects only certain duck
and goose species, but either does not or very inefficiently
infects chicken or Muscovy ducks, respectively. Despite
its substantial sequence homology with DHBV, the heron
HBV (HHBV) does not infect PDHs. Although ducks
and duck-derived primary hepatocytes are virtually nonpermissive for HHBV, substitution of a region of the
HHBV-specific preS domain of the L protein by the
corresponding sequence from DHBV overcomes this
species barrier. As a consequence, the pseudotyped HHBV
virions can efficiently infect primary duck hepatocytes[5].
The same is true for mammalian hepadnaviruses, as shown
for woolly monkey hepatitis B virus pseudotyped with a
small stretch of preS1 sequence from HBV, which was
www.wjgnet.com
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Figure 7 Sequence comparison of the viral L protein from different
hepadnaviruses. The first 50 amino acids of the preS domain of hepadnaviral
L from duck, crane, and heron HBV are shown. The divergent amino acids are
shown in the lowest lane.

then infectious for human hepatocytes. Thus, although
the sequence of this region is very divergent among the
different hepadnaviruses, the biological functions seem
to be conserved. The so called host-determining region
(HDR) in the preS part of the avian L protein was mapped
to amino acids 22 to 90, and an exchange of this small
region also changed the species specificity[5]. These studies
clearly indicate that the block to cross-species infection by
hepadnaviruses is destined at the level of infectious viral
entry. A small domain within the preS region of the L
protein plays a pivotal role in host discrimination.
We showed that cranes are naturally infected with a
novel hepadnavirus, designated crane HBV (CHBV)[14].
Phylogenetically, cranes are very distant from ducks and are
closely related to herons and storks. However, we found
that CHBV infects PDHs with similar efficiency as DHBV,
indicating a rather broad host range of this virus at least
in vitro. Whether CHBV can establish chronic infection in
ducks in vivo and is as non-pathogenic as DHBV remains
to be elucidated. Interestingly, comparison between the
HDR of DHBV and the HDR of CHBV reveals a short
insert of 3 amino acids (PMP) in the CHBV L protein, a
sequence similar but not identical to the analogous region
of HHBV and STHBV, whereas all other known duck
and goose hepadnaviruses have no such insert (Figure 7).
It remains to be shown which sequence features of the L
protein are responsible for the unusual broad host range
of CHBV and at which level of infection the block in
cross-species infection is determined.
Accordingly, comparative genomic and subgenomic
sequence alignment from different avihepadnaviruses
facilitates the prediction of specific properties of each
virus and helps to gain insight into the mechanisms
controlling species specificity and host adaptation.

CHEMOTHERAPY AND VACCINATION
Antiviral drugs currently in use for therapy of chronic
hepatitis B are nucleoside analogues and interferon. These
therapies are unsatisfactory since the virus is usually
not eliminated from the infected patient and resistant
viruses frequently appear after treatment with nucleoside
analogues. These data show the need for additional
therapies and therapeutic strategies. The therapeutic effect
of new vaccination strategies as well as chemotherapeutic
agents can be assessed with the DHBV model system.
A l o n g - t e r m s t u d y s h owe d t h a t t r e a t m e n t o f
persistently infected ducks with 0.1 mg/kg per day of
entecavir resulted in a rapid 4-log drop in serum DHBV
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surface antigen[99]. However, a rapid rebound of levels
of DHBV DNA and antigens in serum and liver was
observed when entecavir was discontinued. When entecavir
was administered at the time of DHBV inoculation, it was
not effective to prevent infection but it led to a significant
suppression of viral spread even after withdrawal of the
drug[100]. Thus, short term suppression of DHBV infection
shortly after infection provides the opportunity for the
immune response to successfully control the infection.
Immunotherapy using DNA vaccines has been
proposed as a way to improve viral clearance via the
induction of an effective immune response. It has been
shown that a DNA vaccine expressing DHBV surface
antigens induces high levels of antibodies directed against
these antigens, which protected or partially protected the
animals against a challenge with DHBV[101]. This suggests
that DNA vaccines may be an alternative to conventional
vaccines for inducing immune response and protection
against infection.
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Abstract
This review describes the woodchuck and the
woodchuck hepatitis virus (WHV) as an animal model
for pathogenesis and therapy of chronic hepatitis B
virus (HBV) infection and disease in humans. The
establishment of woodchuck breeding colonies, and
use of laboratory-reared woodchucks infected with
defined WHV inocula, have enhanced our understanding
of the virology and immunology of HBV infection and
disease pathogenesis, including major sequelae like
chronic hepatitis and hepatocellular carcinoma. The
role of persistent WHV infection and of viral load on
the natural history of infection and disease progression
has been firmly established along the way. More
recently, the model has shed new light on the role of
host immune responses in these natural processes,
and on how the immune system of the chronic carrier
can be manipulated therapeutically to reduce or delay
serious disease sequelae through induction of the
recovery phenotype. The woodchuck is an outbred
species and is not well defined immunologically due
to a limitation of available host markers. However, the
recent development of several key host response assays
for woodchucks provides experimental opportunities
for further mechanistic studies of outcome predictors in
neonatal- and adult-acquired infections. Understanding
the virological and immunological mechanisms
responsible for resolution of self-limited infection, and
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for the onset and maintenance of chronic infection, will
greatly facilitate the development of successful strategies
for the therapeutic eradication of established chronic
HBV infection. Likewise, the results of drug efficacy and
toxicity studies in the chronic carrier woodchucks are
predictive for responses of patients chronically infected
with HBV. Therefore, chronic WHV carrier woodchucks
provide a well-characterized mammalian model for
preclinical evaluation of the safety and efficacy of drug
candidates, experimental therapeutic vaccines, and
immunomodulators for the treatment and prevention of
HBV disease sequelae.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Infection of adult humans with the hepatitis B virus (HBV)
results characteristically in self-limited hepatic disease with
recovery based on serological and clinical parameters.
Progression to chronic HBV infection occurs infrequently
in infected adults, but HBV infections often persist
in unvaccinated infants born to HBV-carrier mothers.
Chronic HBV infection can lead to chronic hepatitis,
liver cirrhosis, and hepatocellular carcinoma (HCC) later
in life. Estimates indicate that more than 2 billion people
worldwide have serological evidence of previous or
current HBV infection, with at least 350 million chronic
carriers, and an overall mortality rate from HBV-induced
liver disease of 1.2 million deaths per year[1]. Although
highly effective vaccines are licensed and have been in
use since the early 1980’s to prevent HBV infection in
neonates and adults, the large reservoir of chronic HBV
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carriers currently remaining could benefit immensely
from the timely development of effective antiviral and/or
immunotherapies that cure the infection or reduce the risk
of disease progression.
Evidence from HBV-infected humans, and from animal
models of HBV (i.e., HBV-transgenic mice, chimpanzees,
pekin ducks, and woodchucks), indicate that the success
or failure of humoral and cellular immune responses to
the virus determine the initial outcome of acute HBV
infection (i.e., as self-limited versus chronic), and that
defective responses appear to play a role in the progression
of chronic HBV infection (i.e., to chronic hepatitis,
cirrhosis, and possibly HCC)[2-10]. Self-limited infections by
HBV involving successful immune responses represent by
far the more favorable outcome. Chronic HBV infections,
where immune responses have failed or are sub-optimal
for virus clearance, represent a daunting challenge to
successful therapy against a background of continuing
disease progression. Current treatment strategies for
chronic HBV infection are suboptimal when compared
to the curative process observed in self-limited HBV
infection. Understanding the prevention and pathogenesis
of HBV infection has advanced greatly through clinical
studies in humans, and through experimental studies in the
chimpanzee model of HBV infection; however, neither
of these models is well-suited for the routine testing of
therapeutic strategies for treatment of chronic HBV
infection.
Woodchuck hepatitis virus (WHV) is a naturally
occurring hepadnavirus of the Eastern woodchuck
(Marmota monax) (Figure 1). WHV was described initially
in 1977 at the Penrose Zoo in Philadelphia in a colony
of woodchucks where high rates of chronic hepatitis
and HCC had been obser ved [11] . Several strains of
WHV have been identified since then, which are all very
closely related genetically [12-16], but which may induce
differing proportions of chronic infections in neonatal
woodchucks[17]. WHV, and another HBV-like virus, the
duck hepatitis B virus (DHBV)[18-20] have been used most
extensively in the modeling of HBV infection and antiviral
therapy (for previous reviews see[21-24]).
Research using the woodchuck began in 1978 and it
was developed further into a laboratory model by 1980
when a woodchuck breeding colony was established at
Cornell University. Early progress in model development
at the Georgetown and Cornell Universities involved: (1)
the production and validation of reagents and assays for
WHV and for disease markers, (2) the characterization
of infectious WHV inocula that induced predictably
high rates of chronic infection when inoculated in
neonatal woodchucks, and (3) basic studies of the natural
history of virologic responses and tumor development
associated with experimental infection of neonatal and
adult woodchucks. Since 1988, the neonatal chronic
WHV infection model has been applied primarily in the
testing of antiviral nucleoside analogues for chronic HBV
infection (for previous reviews see[10,25-30]).
Early studies in woodchucks also involved the
testing of conventional vaccines for the prevention of
acute, self-limited WHV infection in neonatal and adult
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Figure 1 Eastern woodchuck (Marmota monax).

woodchucks[28], and also for prevention of the chronic
outcome and HCC in the vaccinated neonates challenged
with higher doses of inoculum to enable breakthrough
infections[31,32]. Immunomodulation of acute and chronic
WHV infections using immunosuppressive drugs, such
as cyclosporine A[33,34], was performed to gain an initial
understanding of the role of the woodchuck immune
response in the outcome and maintenance of WHV
infection. The focus of investigations using the woodchuck
has ranged widely since 1980, with flexible emphasis on
both model development and model application in many
areas of HBV research. These included viral and disease
pathogenesis, and the prevention and treatment of HBV
infection and disease sequelae (including HCC) using
vaccines, antiviral drug candidates, and immunomodulators
alone and in combination. The purpose of this review
is to highlight the woodchuck as an animal model for
pathogenesis and therapy of chronic HBV infection.

NATURAL HISTORY OF WHV INFECTION
AND DISEASE
Experimental infection of woodchucks with WHV is a
well-accepted model for many aspects of the pathogenesis
of human HBV infection[7,10,26-29,35-38]. Recent studies of
the host response of woodchucks to WHV infection
and therapy have revealed numerous parallels to the
immunopathogenesis of HBV infection. Certain immune
markers in woodchucks cannot be analyzed currently to
the same extent as those in mice and in humans. However,
the patterns and profiles of those immune responses
measured thus far in the woodchuck model are highly
consistent with the underlying immunologic mechanisms
defined in humans.
Experimental infection of neonatal or adult woodchucks with WHV7P1[17], a well characterized inoculum
of WHV, produces predictable proportions of acute, selflimited (i.e., resolved) infections versus chronic infections.
This mimics the effects of age on outcome of HBV
infection in humans[3,4]. In adult woodchucks, WHV7P1
infections result mainly in resolution, with less than 5%
of woodchucks progressing to chronicity[17] (Figure 2).
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Figure 2 Schematic profiles for serum viremia in adult and neonatal models of experimental WHV infection. A: Adult woodchucks. Adult woodchucks born to WHVnegative dams are infected with 1 x 107 woodchuck infectious doses 50% of a defined WHV inoculum by the intravenous route. The proportions of chronic and resolved
outcomes of adult woodchucks usually are less than 5% and more than 95%, respectively. The lifetime risk for the development of HCC in established chronic and resolved
WHV infections is 100% and 15%-20%, respectively; B: Neonatal woodchucks. Neonatal woodchucks born to WHV-negative dams are infected with 5 x 106 woodchuck
infectious doses 50% of a defined WHV inoculum by the subcutaneous route. The proportions of chronic and resolved outcomes range between 60%-75% and 25%-40%,
respectively. The lifetime risk for the development of HCC in established chronic and resolved WHV infections is 100% and 15%-20%, respectively. HCC in uninfected,
WHV-negative woodchucks is not observed. Approximate time intervals for the development of innate and acquired immunity are shown.

However, transient suppression of cellular immune
responses with cyclosporine A (CsA) during the incubation
and acute phase of adult WHV infections results in 92%
of these infections progressing to the chronic outcome;
with CsA given only during the incubation period and very
early acute stage (0 to 4 wk post infection), the result is up
to 50% chronic outcomes in adult WHV infections[33,34].
This shows the importance and timing of early immune
responses in the resolution of acute WHV infection.
Experimental immunosuppression, however, does not
necessarily mimic natural processes associated with the
progression to chronic infection.
Most chronic HBV infections occur as a result of
neonatally-acquired infection[39-41]. Experimental infection
of neonatal woodchucks with WHV7P1 usually results in
a 60%-75% frequency of chronic carriers and a 25%-40%
frequency of naturally recovered infections[17] (Figure 2).
Viral and host response kinetics are relatively uniform
when neonatal woodchucks are inoculated with WHV7P1
in the spring of the year, thus enabling statistical modeling
of serologic and hepatic responses using samples collected
in successive years. Such features also enable co-temporal
comparisons of early acute phase immune responses
before the self-limited and chronic outcomes become
evident serologically, which can help to differentiate
and identify the underlying mechanisms involved in the
onset versus maintenance of chronic WHV infection[42-46]
www.wjgnet.com

(Figure 3).
Chronic WHV infection involves life-long active
viral replication and inevitable disease progression to
chronic hepatitis and HCC[35,47-50]. In chronically infected
woodchucks, there is no naturally occurring e-antigen to
anti-e seroconversion and associated step-down of viral
replication (i.e., as is commonly seen in chronic HBV
infection; e.g.,[51-54]). In general, the high viral replication
and high surface antigen and e-antigen loads present
in the chronic WHV carrier appear to play a role in the
maintenance of immunologic tolerance, and are associated
with disease progression to HCC[43-45,55-57].
Self-limited WHV infection involves a relatively
complete shut down of viral replication and a nearly
complete clearance of virus from the system with full
recovery. It has been suggested that trace amounts of
residual WHV genomes often detected in long-term
recovered woodchucks in liver, serum, and in peripheral
blood mononuclear cells (PBMC), could actually represent
an alternate form of persistent viral infection[58-65]. Residual
HBV DNA has been documented also for humans
recovered from self-limited HBV infection (e.g.,[66-71]). In
woodchucks, even recovery from acute WHV infection
incurs a discernable lifetime risk of HCC (5%-20%)
when compared to control seronegative woodchucks (i.e.,
uninfected with WHV); however, this risk is significantly
lower compared to the lifetime risk of HCC in chronic
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Figure 3 Schematic profiles for viremia, acute hepatitis, and disease progression in the neonatal model of experimental WHV infection. A: Self-limited, resolved WHV
infection; B: Chronic WHV infection. Neonatal woodchucks born to WHV-negative dams are infected experimentally at 3 d of age with 5 x 106 woodchuck infectious doses
50% of a defined WHV inoculum by the subcutaneous route. Approximate time intervals for self-limited acute hepatitis and progressive chronic hepatitis are shown. Use
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that are important in the maintenance of the established WHV infection state and that lead to disease progression and tumor development. During this time the established
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WHV carrier woodchucks, which is essentially 100%[58,72]
(Figure 2). Such results provide direct experimental
evidence for the carcinogenicity of WHV and, by analogy,
for HBV where chronic infection also is associated with
HCC.
In a recent study, we examined the reactivation
of WHV replication and the generation of infectious
WHV in long-term resolved adult woodchucks during
experimental immunosuppression with CsA (Menne et al,
unpublished data). Administration of CsA to serologically
recovered woodchucks with evidence of residual WHV
DNA in liver and PBMC, and with durable recall cellular
immune responses of PBMC to WHV antigens, resulted
in a transient reactivation of WHV replication during
CsA treatment. This supports the idea that replicationcompetent WHV (and by analogy, HBV) can persist
for many years after recovery from acute viral hepatitis,
possibly as part of a continuing process. That is, the virus
may be controlled by virus-specific immune responses
that are primed continuously by trace amounts of virus
and viral antigens. In any case, the presence of long-term
recall cellular immune responses with mutual persistence
of residual WHV covalently closed circular DNA (WHV
cccDNA) is significant to the durability of recovery
responses over the long term for the stable control of
replication and shut down of the infectious process. The

apparent lack (or need) of such immune responses with
the apparent loss of WHV cccDNA is significant to the
extent of viral immune clearance possible in recovery. One
implication from the above studies is how much a relatively
successful antiviral and/or immunotherapy for chronic
HBV or WHV infection will improve the prospects for
disease outcome beyond that observed in natural recovery
from infection.

MOLECULAR VIROLOGY STUDIES
WHV is classified as a member of the genus
Orthohepadnavirus, family Hepadnaviridae[73]. The genetic
organization of WHV is similar to that of HBV and other
mammalian hepadnaviruses, and their biological properties
and replicative strategies are essentially the same [74] .
Filaments and spherical particles are found in the serum
of WHV-infected woodchucks which are composed of
the envelope protein of the virus. Complete virions are
42 to 45 nm in diameter and are composed of an exterior
envelope protein (WHV surface antigen; WHsAg), an inner
nucleocapsid or core protein (WHcAg), and, within the
nucleocapsid, the DNA genome[75,76]. The replicative cycle
of WHV seems to be identical to that of HBV[75-78]. The
role of cccDNA as the template for viral transcription,
the mechanism of replenishment of the cccDNA pool,
www.wjgnet.com
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and the control of this pathway by surface antigen, have
been investigated mainly using DHBV. For some studies,
full-length clones of the WHV genome, cut and ligated
to form a supercoiled cccDNA, have been used for in vivo
molecular studies since direct injection into the hepatic
parenchyma of woodchucks results in productive WHV
infection[79]. Only a brief overview is provided below for
background purposes.
During infection, HBV enters the hepatocyte, but the
mechanism is poorly understood. No hepatocyte receptor
has yet been defined for HBV, although studies suggest
that the virus-cell recognition may be mediated all or in
part by specific sequences located in the pre-S1 region of
the large envelope protein. However, with numerous other
potential envelope recognition sites for the cell suggested
from in vivo neutralization studies with monoclonal
antibodies, and the fact that antibodies elicited by vaccines
to only the small envelope protein provide protective
immunity, we are a long way from understanding the
mechanisms of antibody-mediated neutralization of HBV
attachment, entry, and uncoating during infection. It is
known that the circular, partially double-stranded DNA
genome makes its way to the nucleus where the partial
DNA strand (i.e., positive strand) is completed via the
endogenously linked virion reverse transcriptase-DNA
polymerase, and the now fully circularized double strand
is then ligated into a cccDNA. The cccDNA serves as
the key template for viral mRNA transcription via the
cellular RNA polymerase Ⅱ. One of the viral mRNAs
(slightly larger than the genome length transcript) becomes
encapsidated into maturing core particles along with the
virion polymerase, where it is then reverse transcribed into
the viral negative strand DNA via the RNA-dependent
DNA polymerase activity of the encapsidated enzyme.
The viral polymerase then uses its DNA-dependent DNA
polymerase activity to partially complete the positive strand
DNA to about 50%-75%, and this non-covalently closed
circularized DNA is found in mature virions of HBV and
WHV. Envelope acquisition occurs at the endoplasmic
reticulum (ER) and mature virions are secreted from
hepatocytes. Hepadnaviruses are not directly cytotoxic to
infected cells.
Amplification and replenishment of cccDNA in
the nucleus of the infected hepatocyte occurs when a
portion of the maturing core particles complete positive
strand DNA synthesis and are cycled back to the nucleus
(i.e., instead of through the ER) where the new double
strand DNA is processed into cccDNA. In HBV, most
immunostaining of core is found in the nucleus, whereas
in WHV, the core staining is primarily cytoplasmic, and
not detected in the nucleus. This suggests a process of
newly synthesized cytoplasmic core particles carrying out
reverse transcription, partial or complete positive strand
synthesis, and occasional re-entry into the nucleus for
amplification of cccDNA (alternatively, cytoplasmic core
staining may reflect incoming virus, but this seems far less
likely). For HBV, cytoplasmic cores may go undetectable
by immunostaining, and the denser staining of core
particles within the nucleus may reflect maturation of
HBV core particles there, with exit to the ER for envelope
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acquisition via a different cellular pathway. In established
carrier woodchucks, WHV virions often circulate in 10- to
100-fold greater concentrations than do HBV virions in
human chronic carriers. This may relate to the differential
immuno-localization of core particles in the two models.
Transition of viral DNA to RNA during the life cycle
of WHV has similarities to that of retroviruses[75,78], but
integration of viral DNA into the host genome is not,
however, essential for replication of hepadnaviruses, as
is the case with retroviruses. Persistence of episomal
cccDNA in infected hepatocytes is considered stable
and this is problematic for its removal from the system,
which appears to require elimination of the infected
hepatocyte. It therefore represents the main target for
attaining complete eradication of hepadnavirus from the
system. When hepadnaviral DNA does integrate into host
cell DNA, it is usually truncated and rearranged, and can
target any number of sites in cellular DNA[80,81], some or
all of which may be important in hepatocarcinogenesis.
Morphological and molecular virological studies of the
liver have shown that virtually 100% of hepatocytes
become infected after experimental WHV infection[82].
Although replicative forms are cleared rapidly during
recovery, WHV cccDNA persisted in a certain proportion
of woodchucks long after evidence of WHV replication
had ceased. That said, recovery is indeed durable and
protective against disease progression in the vast majority
of cases. On the other hand, persistence of the episomal
cccDNA in chronic HBV (and WHV) infections remains a
major conundrum in attempts to clear the virus via various
therapeutic approaches (see below).
HBV generally is considered a hepatotropic virus, but
hepadnavirus DNA can also be detected in extrahepatic
tissues. For example, DHBV is often found replicating in
the pancreas of ducks. HBV and WHV appear to infect
the lymphatic system, although the exact significance
of this observation is not well understood[58,60-63,65,83-86].
Some studies suggest that WHV replication and spread in
the lymphatic compartment can proceed independently,
even before infection of the liver [60,86] . Quiescent
(non-replicating) WHV DNA molecules in PBMC
from chronic WHV carriers can be activated to form
replicative intermediates by stimulation of PBMC with
lipopolysaccharide (LPS) [62]. The cell-free supernatants
from LPS-stimulated WHV carrier PBMC (but not those
from the unstimulated carrier PBMC) contain newly
replicated infectious WHV that induce-acute hepatitis in
WHV-susceptible adult woodchucks[84].
WHV quiescence versus replication in the lymphatic
compartment may vary depending on the state of the
host lymphatic target cell (i.e., resting, dividing, circulating
in blood, within lymphatic tissue, etc.). WHV DNA can
be detected in bone marrow cells as early as one month
post neonatal WHV infection, but the first signs of
WHV replication in PBMC, lymph nodes, and spleens
occur during the acute stage of hepatic infection [83] .
During recovery lymphatic WHV replication subsides to
a quiescent state (or approaches complete elimination).
In chronic infections, WHV replication also becomes
quiescent in circulating PBMC, but often continues in the
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spleen[83], and the quiescent WHV in PBMC often can be
activated upon ex vivo stimulation using LPS, as indicated
above [62,84] . More recent published studies indicate
that long-term recovered woodchucks can also harbor
infectious DNA in PBMC[58].
From the above, woodchucks recovering from acute
WHV infection and those progressing to chronicity seem
to have similar PBMC infection profiles, and in both cases
the PBMC respond robustly in proliferation assays to
polyclonal mitogens such as ConA, PHA, and LPS[44,55,87-89].
Even with similar PBMC WHV DNA profiles, the PBMC
proliferative responses to viral antigens are generally
more robust in the recovery outcome compared to the
chronic outcome [44,55,56,87-90] . Thus, immune response
function in viral infection does not appear to be affected
adversely by the ongoing lymphatic infection. In fact,
lymphatic infection by WHV, either acutely or in chronic
WHV carriers, does not result in any lymphadenopathy,
lymphopenia, lymphoma, or generalized immunodeficiency
enabling opportunistic infections. As with natural recovery,
therapy of chronic WHV infection presumes to target all
reservoirs and molecular forms of the virus in both the
lymphatic system and liver.

IMMUNOLOGICAL STUDIES
Resolution of experimental WHV infection in both
neonatal and adult woodchucks involves a self-curative
process with appropriate virus-specific immune responses
in the periphery and liver (Figure 3). Natural recovery
perhaps represents a benchmark for the possible
induction of antiviral and/or immunotherapeutic effects
in chronic WHV carriers. Specific activation of humoral
and cellular immune responses is a prerequisite for viral
clearance during acute HBV infection in adult patients,
as reported in numerous studies [2-4,9,91]. However, the
kinetic development of these responses during the early
incubation and acute stages of adult HBV infection, and
their influence on the course and outcome of infection,
are less well characterized in humans, since patients usually
do not present with clinical symptoms immediately after
HBV transmission (except for a few rare cases involving
known exposure times; e.g.,[92]).
Studies of self-limited WHV infection reveal numerous
virus and host response patterns analogous to self-limited
HBV infection[61,79,82,83,85,88,89,93-105]. In general, resolution of
WHV infection in both the neonatal and adult settings
is characterized by: (1) a transient peak of WHV DNA
and antigen detection in serum and liver during the
acute phase of infection, (2) timely and appropriate cellmediated immunity (CMI) to viral antigens, (3) acute viral
hepatitis with limited liver injury, (4) a transient peak and
subsequent normalization of serum aminotransferases,
and (5) seroconversion to virus-neutralizing antibodies,
all leading to a substantial clearance of virus and viral
antigens from the blood and liver. The humoral immune
response to viral antigens (i.e., WHcAg and WHsAg)
during resolution is associated with the development
of robust titers of anti-core (anti-WHc), and of virusneutralizing, protective, anti-surface antibodies (anti-WHs)
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with the onset and waning of the acute phase, all usually
within several weeks after experimental infection[17,42].
In adult woodchucks, the CMI associated with
recovery is characterized by activation of PBMC detected
by in vitro stimulation of PBMC with WHsAg, WHcAg,
and synthetic peptides of both antigens[87-90,93,94,106]. The
successful PBMC response to WHcAg is associated cotemporally with viral clearance from serum, and this has
been mapped extensively to several key epitopes of the
WHcAg[87,93]. In fact, immunization with the dominant
WHcAg epitope sequence between amino acids 97 to
110 significantly dampens acute WHV infections in adult
woodchucks following experimental challenge with WHV,
when compared to infections in unvaccinated control
woodchucks [87] . Mapping of the PBMC responses to
WHsAg and WHV x antigen (WHxAg) during the acute
phase of resolution have been in progress.
The CMI to viral antigens during the acute phase
in neonatal woodchucks experimentally infected with
cWHV8P1 (from which neonates resolve more frequently)
is similar to that in resolving adult woodchucks, which
is independent of the WHV inoculum used [44]. Robust
PBMC responses to WHcAg, WHsAg, and WHxAg, and
to several non-overlapping core peptides, are associated
temporally with the clearance of WHV DNA and WHsAg
from serum. Detailed analysis of the WHcAg-specific
PBMC responses revealed a broad recognition of several
WHcAg epitopes representing apparently distinct regions
of this antigen. Similar to adult WHV infections, neonatal
woodchucks develop PBMC responses to important
WHcAg peptides (residues 97 to 110, residues 100-113)[44].
In the liver, the CMI during resolution of adult WHV
infection is characterized by moderate to marked hepatic
inflammation and liver injury involving increased CD3(cluster of differentiation 3) positive T lymphocyte
accumulation, and apoptosis and regeneration of
hepatocytes[96,97]. These events are accompanied by marked
elevations of CD3, CD4, and CD8 mRNA expression
and increased expression of the T-helper lymphocyte
(Th)-type 1 cytokine mRNAs interferon gamma (IFN-γ)
and tumor necrosis factor alpha (TNF- α ), and of the
IFN-γ -inducible oligoadenylate synthetase (2’-5’-OAS)
mRNA [96,97]. In vitro testing of cell-mediated killing of
hepatocytes revealed activation of both FasL- (ligand for
the apoptosis-inducing factor Fas) and perforin-dependent
pathways during resolution, and a comparative analysis
demonstrated that acute hepatitis, but not established
chronic WHV infection, is associated with elevated
hepatocyte killing as a consequence of increased activation
of the perforin-dependent pathway [95]. Further acute
phase studies of adult self-limiting WHV infections are
in progress to better define the kinetic interrelationships
between mRNA expression in liver and PBMC mRNA
expression ex vivo or following in vitro stimulation with
antigens.
Neonatal WHV infections can be studied prospectively,
in proportionate and adequate numbers of woodchucks,
as the dichotomy in outcome proceeds dynamically in real
time toward recovery versus chronicity. As with recovering
WHV infections in adult woodchucks, resolution of
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neonatal WHV infection is associated with moderate
hepatic inflammation and liver injury and accumulation of
CD3-positive T-lymphocytes[42,43]. Hepatic inflammation
is characterized further by significant accumulation of
CD3, CD4, and CD8 mRNAs, with elevated expression
of the Th-type 1 cytokine mRNAs IFN-γ and TNF-α,
and of the intracellular transcription factor STAT4 (signal
transactivator of transcription) and T-bet (T box expressed
in T lymphocytes) mRNAs, and also of Fas ligand and
perforin mRNAs. When taken together, the results indicate
that both non-cytolytic and cytolytic clearance of WHVinfected hepatocytes is occurring[43,45,46]. The results from
the above studies suggest further that early virus-specific
CMI in both the periphery and liver play a pivotal role in
resolution of acute WHV infection in neonatal and adult
woodchucks, and that the responses to WHcAg and to
selected core peptides are instrumental in controlling viral
infection.
Although immune responsiveness has been wellcharacterized in the periphery and liver of established
HBV chronic carriers during chronic hepatitis, the actual
acute phase responses associated with the early onset of
chronic HBV infection are less well understood. Lack of
immune responsiveness to HBV antigens in some HBV
carriers may ensue with the establishment of the carrier
state and have little to do with the early onset at a time
when other individuals may recover normally. Moreover,
chronic hepatitis is defective by definition, when compared
with the acute hepatitis that results in recovery, because
the chronic inflammation is incapable of clearing the
hepatic infection and lends itself only to progressive liver
disease. Adult patients presenting with acute hepatitis B
are often well into the infection and only rarely progress
to chronic infection. Studies of the early onset of chronic
HBV infection in humans after neonatal transmission
have obvious limitations. While studies in established
chronic HBV carriers show defective immune responses
associated with tolerance and chronic hepatitis and a
failure to clear the infection[2-4,9,91], it is unclear whether
such deficient responses are representative of the primary
acute phase responses that predispose to the chronic
outcome. Understanding how the chronic infection first
becomes established kinetically near the time of the acute
stage of infection could lead to the identification of
important cause-effect relationships that will facilitate the
rational development of therapies for successfully treating
established chronic infections.
For testing the hypothesis that chronic WHV infection
develops due to a diminished host response to acute
infection, co-temporal comparisons were performed in
the neonatal WHV infection model [7,17,42-46,107-109]. Using
a bank of control and WHV-infected liver specimens
that were obtained surgically at two acute phase time
points of neonatal WHV infection (wk 8 and 14) and that
were assigned to recovered or carrier woodchucks once
outcome was known based on later serological profiles, the
early onset of the chronic WHV carrier state (compared
to co-temporal resolving infections) was characterized
by: (1) higher acute phase viral loads in liver (at wk 8 and
14 post infection), (2) diminished acute hepatitis (at wk
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14), (3) detectable but significantly diminished hepatic
inflammation (at wk 14), and (4) reduced liver injury (at
wk 14)[42,43,45,46]. This was associated further with: (1) absent
or suboptimal intrahepatic accumulation of CD3, CD4,
and CD8 mRNAs, and (2) reduced expression of Th-type
1 cytokine mRNAs, especially IFN-γ and TNF-α, along
with the key Th-type 1 transcription factor T-bet[43,45,46].
This represented an early primary deficiency in the Thtype 1 response in liver to acute WHV infection, and
was not associated with any local antagonistic Th-type 2
immunoregulation[45].
Studies in the peripheral blood using serial
measurements of PBMC responses in neonatal
woodchucks experimentally infected with WHV7P1 or
cWHV8P1 have shown thus far that all neonates with
resolving infections had robust acute phase PBMC
responses to WHcAg and to the key epitope of this
antigen (core residues 97-110), with the majority of
woodchucks also responding to WHsAg and WHxAg[44].
In contrast, prospective carriers responded less frequently
or not at all, with only about one-third responding to
WHcAg, and among these, only about half responded
to the key core epitope and to other WHV antigens.
Detailed mapping of the PBMC responses to WHcAg
revealed that the epitopes recognized were localized to
distinct regions of this antigen and were different from
those recognized during resolving WHV infections[44]. In
the prospective carriers with minimal acute phase PBMC
responses to WHcAg, viremia and antigenemia developed
later, and viral and antigen loads were lower compared to
those seen in prospective carriers without any evidence of
virus-specific PBMC responses[44]. In any case the levels
of viremia and antigenemia in these prospective carriers
were much higher than in neonates with resolving WHV
infections [44]. Interestingly, the fact that virus-specific
PBMC responses were undetectable in the majority of
prospective carriers indicates an early genesis for the CMI
defect commonly observed later in established chronic
WHV infection[55,56,87-90,94]. Further studies to correlate the
molecular immunologic responses of PBMC based on
leukocyte surface marker and cytokine mRNA expression
with outcome of neonatal WHV infection are in progress.
Established chronic HBV infection is associated
with increased viral load and risk of severe liver disease
sequelae[2-4,9,91]. Chronic HBV infections resulting from
neonatal transmissions are characterized by T cell
immunotolerance to viral antigens throughout most of
life until end-stage disease, but may exhibit occasional
exacerbations of liver disease before this time [51,110-114].
T cell proliferative responses to viral antigens in adultacquired chronic HBV infections can be variable during
disease progression, but are usually less responsive,
except during periodic transient flare reactions and with
seroconversion to anti-e antibodies (e.g.,[52-54,115,116]).
Studies in woodchucks indicate that viral antigenspecific CMI during established chronic WHV infection
is also defective, similar to that obser ved in HBV
infection[45,55,56,87-89,94]. In the neonatal woodchuck, following
an occasional, early and transient, but suboptimal acute
hepatitis, WHV chronic carriage is characterized for some
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time with minimal chronic persistent hepatitis, and little
or no liver injury based on serum enzyme markers up
through at least 15 mo post infection[46]. This progresses
subsequently to more active hepatitis and liver injury
just before or at the time of HCC onset and tumor
growth [46,47,49,50,55,57]. PBMC remain essentially immunotolerant to WHV antigens throughout all of the chronic
phase of neonatal WHV infection, including end stage
disease[55,56,87,89,90,94]. The baseline expression of Th-type
1 cytokines in liver that is usually observed during the
chronic phase can sometimes increase above normal
with progressive chronic hepatitis (usually with increased
TNF- α and less IFN- γ ) [45,97] , but without affecting
clearance of the infection. Less is known of the CMI in
documented adult-acquired chronic WHV infections, but
the apparent greater degree of chronic hepatitis in this
setting may suggest some exception to the fully tolerant
state as leading to and maintaining the chronic infection[96].
Indeed, some leukocyte surface and cytokine markers
become elevated in liver during acute hepatitis in adult
woodchucks that eventually become chronic carriers,
although to a lesser extent than seen during the acute
phase of woodchucks that resolve.

THERAPEUTIC STUDIES
Antiviral drugs
Woodchucks with experimentally induced chronic
WHV infection have been used successfully in the
empiric screening and preclinical assessment of antiviral
drugs being developed for treatment of chronic HBV
infection (for previous reviews see[21,24,25,30,35,117]). Current
strategies aim to suppress viral replication in liver and
the concentration of viral DNA in serum during chronic
HBV infection (i.e., reduce viral load) by treatment with
nucleoside and nucleotide analogues. As indicated above,
it has been difficult to target the viral cccDNA directly in
this process, and so potent inhibition of viral replication is
the main means to reduce viral load in blood and tissues,
and perhaps diminish replenishment of cccDNA indirectly,
until cells harboring this inter mediate can turnover
or be eliminated by immune responses. Accordingly,
lifelong therapy with antiviral drugs is currently the
accepted procedure, even though this often results in the
selection of drug-resistant mutants (i.e., mutations of the
polymerase gene), which has been observed and modeled
in the woodchuck (e.g.,[118-122]).
Before testing in woodchucks, potential drug candidates
are screened for antiviral activity against HBV in the 2.2.15
cell system, a HepG2 cell line that is engineered to produce
HBV constitutively[123]. Drugs with significant antiviral
activity in vitro also have been tested in a HBV-transgenic
mouse model designed and validated for this purpose[124].
However, drug efficacy in an in vivo infection model is
most usually assessed in the woodchuck model. Most
nucleoside analogues with intermediate antiviral activity in
vitro against HBV had comparable antiviral activity against
WHV in woodchucks, but some exceptions exist. For
example, fialuridine (D-FIAU) had modest activity in vitro,
and potent antiviral activity in woodchucks; however, this
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was associated with a marked and delayed hepatotoxicity
characterized by microvesicular steatosis and mitochondrial
injury[125], similar to the unfortunate hepatotoxic effects
this drug had in humans, where it was first tested[126].
In recent years, numerous nucleoside and nucleotide
analogues designed to inhibit HBV replication were tested
in the woodchuck model (e.g., [125,127-140]. Some of these
nucleoside analogues had demonstrated antiviral efficacy
in chronic WHV carrier woodchucks, such as lamivudine
(3TC, Epivir) [21,120,141-143] , adefovir dipivoxil (ADV,
Hepsera)[144,145], and entecavir (ETV, Baraclude)[139,146], and
are now approved by the FDA for treatment of chronic
HBV infection. Other nucleoside analogues, also having
activity in woodchucks against WHV, are used for the
treatment of human immunodeficiency virus (HIV),
such as tenofovir disoproxil fumarate (TDF, Viread)[147]
and emtricitabine (FTC, Coviracil)[148-150], and still others
are in advanced clinical testing, such as telbivudine
(LdT)[151-153], valtorcitabine (val-LdC)[151-153], and clevudine
(L-FMAU)[55,56,122,150,154-156]. FDA approval of these drugs for
treatment of chronic HBV infection is expected in the near
future (in fact, telbivudine was approved most recently).
Table 1 summarizes the antiviral activities of these second
and third-generation nucleosides in chronic WHV carrier
woodchucks that were reported in selected studies. We
note here in these experiments that viral recrudescence
following cessation of drug is often a function of being
unable to completely suppress viral replication sufficiently
during a given treatment, or significantly enough over time
in order to allow cells containing cccDNA to turnover or
be eliminated by the immune response.
Lamivudine is a moderately potent antiviral drug
in woodchucks and is without toxicity during daily,
oral administration for up to 24 wk [21,141,157], and even
longer[142]. The average reduction in serum WHV DNA
after 4 or 12 wk of treatment with different doses (1, 5,
or 15 mg/kg bodyweight) was approximately 2.5 and 1.5
logs, respectively. The average time to recrudescence of
viral replication after drug withdrawal was within 1 to 2
wk. In woodchucks, lamivudine also has been shown to
act synergistically both with alpha-interferon and with
famciclovir [141,157]. An antiviral activity comparable to
lamivudine has been reported for adefovir[144]. Daily oral
administration of adefovir for 12 wk with doses of 5 and
15 mg/kg resulted in a reduction in serum viremia of 1.7
or 2.5 logs, respectively. Viral recrudescence after drug
withdrawal occurred within 6 wk. No toxicity associated
with administration of adefovir was observed. The antiviral
activity of tenofovir in woodchucks [147] is comparable
to those of lamivudine and adefovir. The reduction in
serum WHV DNA observed after 4 wk of daily, oral
treatment with tenofovir doses of 5 and 15 mg/kg was
1.5 or 1.2 logs, respectively. After drug withdrawal viral
recrudescence occurred within 1 to 4 wk and treatment
was without any evidence of drug-associated toxicity.
A higher antiviral activity on chronic WHV infection
was reported for emtricitabine[149]. Daily oral treatment for
4 wk with doses of 10 or 30 mg/kg reduced serum viremia
by 3.2 and 4.9 logs, respectively. Recrudescence of viral
replication occurred within 1 to 2 wk after drug withdrawal.
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Table 1 Antiviral activities of second and third-generation nucleosides and nucleotides in the woodchuck model of chronic HBV infection
Drugassociated
toxicity

Other viral markers

Ref.

within 1-2

none

WHV RI red. (3-fold)
no WHV RNA red.
no serum WHsAg red.

[141]

3.4

within 1

none

WHV RI red. (4-fold)
no WHV RNA red.
no serum WHsAg red.

[21]

12

1.9

within 1-2

none

WHV RI red. (3-fold)
no WHV RNA red.
no serum WHsAg red.

[157]

4

12

5.4

within 1

none

WHV RI red. (12-fold)
no WHV RNA red.
no serum WHsAg red.

[21]

5

12

6

1.7

within 6

none

15

12

6

2.5

within 6

none

0.02

12

12

7-81

within 2-10

none

WHV RI red. in individual
animals to undetectable levels

[139]

0.1

12

12

7-8

within 6-10

none

WHV RI red. in most animals
to undetectable levels

[139]

5

4

12

1.5

within 1-4

none

no WHV RI red.
no WHV RNA red.
no serum WHsAg red.

[147]

15

4

12

1.2

within 1-4

none

no WHV RI red.
no WHV RNA red.
no serum WHsAg red.

[147]

3

4

12

1.4

within 1-2

none

WHV RI red. (3-fold)
no WHV RNA red.
no serum WHsAg red.

[149]

10

4

12

3.2

within 1-2

none

WHV RI red. (13-fold)
no WHV RNA red.
no serum WHsAg red.

[149]

30

4

12

4.9

within 1-2

WHV RI red. (80-fold)
no WHV RNA red.
no serum WHsAg red.

[149]

202

4

4

1.4

within 1-2

none

302

4

4

1.8

within 1-2

none

WHV RI red. (2-fold)

Telbivudine

10

4

8

8

within 4-8

none

serum WHsAg red.

Valtorcitabine

10

4

8

4-6

within 1-8

none

3

4

12

9.2

within 2-10

none

WHV RI red. (28-fold)
no WHV RNA red.
serum WHsAg red. (2-fold)

[154]

10

4

12

8.2

within 8-123

none

WHV RI red. (68-fold)
WHV RNA red. (2.7-fold)
serum WHsAg red. (4-fold)
WHV cccDNA red. (2-6-fold or
to undetectable levels)

[154]

Antiviral
drug
Lamivudine

Adefovir
Entecavir

Tenofovir

Emtricitabine

Clevudine

Serum WHV Time to viral
DNA reduction recrudescence
(wk)
(log)

Treatment
duration
(wk)

Follow up
duration
(wk)

1

24

24

1.5

5

4

12

5

12

15

Oral dose
(mg/kg
per day)

[144]
[144]

[148]
[148]
[151-153]
[151-153]

1

Two of 6 woodchucks with modest reduction in serum WHV DNA of approximately 2.0 logs were not included. 2Dosage was given twice daily by
intraperitoneal administration. 3One woodchuck had suppressed serum WHV DNA at the end of the study. WHV RI, hepatic WHV DNA replicative
intermediates; WHV RNA, intrahepatic WHV RNA; red., reduction.

A dose of emtricitabine of 3 mg/kg in this study was less
efficacious, but was comparable to those observed with 20
and 30 mg/kg, administered twice daily, intraperitoneally,
for 4 wk[148]. There was no toxicity associated with this
drug treatment. A more remarkable antiviral activity was
obtained with valtorcitabine in chronic WHV carrier
woodchucks after daily oral administration for 4 wk with
a dose of 10 mg/kg [151-153] . In this case, serum WHV
DNA became reduced by 4 to 6 logs with no evidence
www.wjgnet.com

of drug-associated toxicity at the dose used. The time to
recrudescence of viral replication after drug withdrawal
was as little as 1 wk, but extended to 8 wk in many of the
animals. Entecavir had an even higher antiviral activity in
woodchucks[139]. Daily oral administration of entecavir for
12 wk at a dose of 0.02 mg/kg resulted in a reduction in
serum viremia of 7 to 8 logs in 4 of 6 treated woodchucks
(2 of the 6 treated woodchucks had only a modest antiviral
effect). Recrudescence of viral replication after drug
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withdrawal occurred in as little as 2 wk, but was extended
to 10 wk in several of the animals. Administration of
entecavir at a dose of 0.1 mg/kg reduced serum viremia
by 7 to 8 logs and viral recrudescence was observed within
6 to 10 wk. No toxicity associated with drug treatment was
reported.
The most potent antiviral drugs that have been tested
so far in woodchucks are telbivudine and clevudine. Daily
oral administration of telbivudine for 4 wk at a dose of
10 mg/kg resulted in an 8 log reduction in serum viremia
and viral recrudescence was observed within 4 to 8 wk
after drug withdrawal[151,152]. Daily oral administration of
clevudine for 4 wk at doses of 3 or 10 mg/kg reduced
serum viremia by 9.2 and 8.2 logs, respectively[154]. With
the lower dose of clevudine viral recrudescence after
drug withdrawal was observed within 2 to 10 wk. The
higher dose delayed viral recrudescence and serum WHV
DNA concentrations reached pretreatment levels within
8 to 12 wk, and in one woodchuck, serum viremia was
still suppressed at the end of the study. No toxicity was
associated with the above short-term treatments using
either telbivudine or clevudine.
T h e a b o ve s t u d i e s i n t h e wo o d c h u c k m o d e l
demonstrate that a significant antiviral effect on chronic
WHV infection could be achieved with all drugs. The
relative antiviral efficacy against WHV, at the doses
administered and for the duration of treatment used, was
clevudine ≥ telbivudine ≥ entecavir > valtorcitabine ≥
emtricitabine ≥ tenofovir = adefovir = lamivudine. A
prolonged suppression of WHV replication after drug
withdrawal was achieved with clevudine, telbivudine,
entecavir, and valtorcitabine, and the magnitude of these
responses was often associated indirectly with transient
or sustained reductions in WHV cccDNA potentially
enabling some turnover of residually infected cells. The
favorable safety and efficacy profile obtained thus far in the
woodchuck model using relatively short-term treatments
with clevudine, telbivudine, and valtorcitabine suggest that
these drugs should be of value in the long-term control
of chronic HBV infection in humans and support their
continued clinical development.
The preclinical evaluation of antiviral drugs for
treatment of lamivudine-resistant HBV infection has been
modeled in woodchucks by the experimental induction
of lamivudine-resistant WHV with nine or more months
of lamivudine treatment, followed by continued therapy
with lamivudine along with the new drug candidate of
interest[122,145]. Prolonged treatment with lamivudine led
to the establishment of drug-resistant WHV mutants,
characterized mainly by mutations in the B domain of
the WHV polymerase gene (i.e., HBV mutations occur
in B and C domains). Supplemental daily oral treatment
of these circulating B domain mutants with adefovir or
clevudine (10 mg/kg per day, 12 wk and 7 wk, respectively)
demonstrated that both drugs could suppress replication
of these lamivudine-resistant WHV mutants. In a different
study, lamivudine-resistant mutants of WHV were found
to be cross-resistant to treatment with clevudine [122] .
Studies are in progress using engineered lamivudineresistant mutants of WHV that mimic the additional
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polymerase C domain mutants observed in human HBV
patients treated with lamivudine.
In addition to the testing of drugs in woodchucks
for antiviral effects, applications also have been extended
to the testing of entecavir, clevudine, or lamivudine for
efficacy against disease progression[30,142,146,155]. Extended
lamivudine treatment of woodchucks with chronic
WHV infection delayed the development of HCC and
significantly extended survival of woodchucks in one
study[142]. In that study, twenty 8-mo-old chronic WHV
carrier woodchucks were treated throughout the rest of
their lifetime with lamivudine (5 mg and then 15 mg/kg,
orally, daily). Twenty placebo control WHV carrier
woodchucks were included for comparison. Serum WHV
DNA decreased by 4 to 5 logs in lamivudine-treated carrier
woodchucks, with an antiviral effect that was sustained for
more than one year with continued treatment. Importantly,
there was a significant delay in time to onset of HCC and
death due to HCC among lamivudine-treated woodchucks
compared to placebo controls. In another study of
lamivudine in WHV carrier woodchucks, no delay in
hepatocarcinogenesis was observed with treatment, most
likely because drug treatment began when woodchucks
were at an older age, was of shorter duration, and less of
an antiviral effect on serum WHV DNA was observed[120].
In both studies, lamivudine resistance developed that was
associated with a high frequency of mutation in the WHV
polymerase gene B domain[118,121].
In another study, long-ter m oral treatment with
entecavir[146] in 8-mo-old woodchucks at 0.5 mg/kg per day
for 8 wk, and then with a weekly dose of 0.5 mg/kg for 14
or 36 mo, produced sustained antiviral responses in half
of the woodchucks treated for 14 mo, and in 80% of the
woodchucks treated for 36 mo (i.e., reduced serum viremia
of 5 to 8 logs). Here, the drug-treated woodchucks had
marked reduction in viral load and did not develop HCC
during the next 2 years follow-up. Compared in this case
with historical controls, entecavir treatment significantly
delayed the development of HCC and prolonged survival.
In another study, clevudine was administered orally to
chronic WHV carrier woodchucks at 10 mg/kg per day
for 32 wk[30,55,56,155] starting at 1 to 2 years of age. Half of
the clevudine-treated woodchucks and half of the placebo
recipients then received 4 doses of a conventional WHsAg
vaccine (alum-adsorbed, formalin-inactivated WHsAg)
during the next 16 wk. Combination treatment with
clevudine and vaccine resulted in a sustained antiviral effect
with reductions in serum viremia of more than 8 logs in
many cases (Figure 4), and prevented the development of
HCC altogether in up to 38% of treated woodchucks. In
a subset of the woodchucks studied, where clevudine or
placebo treatment was initiated at 1 year of age (and the
data analyzed independent of combination with WHsAg
vaccine), the development of HCC in clevudine-treated
woodchucks was delayed significantly and long-term
survival after 4 years likewise was increased significantly
compared to woodchucks that did not receive clevudine.
These studies show that chemotherapy with antiviral
drugs can delay and reduce disease progression in chronic
carrier woodchucks, and also show the correlation between
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Figure 4 Combination treatment with clevudine and WHsAg vaccine suppresses
serum viremia and antigenemia and induces a humoral response in chronic WHV
carrier woodchucks. Changes in serum WHV DNA, serum WHsAg, and anti-WHs
antibodies of chronic carriers in response to treatment with placebo (CLV-V-),
vaccine (CLV-V+), drug (CLV+V-), and combination of drug and vaccine (CLV+V+)
are shown. Horizontal bars denote the period of clevudine (CLV) administration
for 32 wk. Arrowheads represent the 4 immunizations (V) using 50 μg doses of
an alum-adsorbed, formalin-inactivated WHsAg vaccine at wk 32, 36, 40, and 48.
WHVge, WHV genomic equivalents (virion or WHV DNA-containing particles).

reduced viral load and reduced disease progression, with
noteworthy implications for HBV therapy in humans.
In addition to nucleoside or nucleotide analogues,
various other compounds of organic and plant origin
have been tested in woodchucks for their antiviral activity
(e.g.,[141,158-161]), but these will not be discussed in detail in
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this review. Direct testing of anti-tumor agents against
established HCC in woodchucks is also possible[162-164], but
has not been fully developed to date.
Immunotherapy
The main goal of basic immunological studies described
above in neonatal and adult WHV-infected woodchucks is
to identify and differentiate factors that cause and maintain
chronic infection from those that result from chronic
carriage. By better defining cause-effect relationships,
it should be possible to develop and test rational
immunotherapies that can induce immune responses in the
established chronic carrier that mimic those in recovery
from WHV infection. In this way, it should be possible
to enhance the immune elimination of cells harboring
viral cccDNA (and/or control its level and expression),
as occurs with successful immune responses leading to
recovery.
As indicated in the sections above, chronicity as an
outcome of neonatal WHV infection appears to result
from a failed or suboptimal primary immune response
relatively early during the acute phase of infection in
the periphery and in the liver. The onset of chronic
infection (compared to resolution) is characterized by
deficiencies in the CD8-positive cytolytic T lymphocyte
(CTL) response, and reduced expression of Th-type 1
cytokines and intracellular transcription factors, minimal
acute hepatitis, and humoral and cellular immunologic
tolerance to viral antigens[42-46]. Negative immunoregulation
of the intrahepatic Th-type 1 response by excessive
intrahepatic Th-type 2 immune responses is not a defining
factor in this outcome[45,46]. Chronicity then appears to
develop due to reduced immune-mediated clearance of
infected hepatocytes by both non-cytolytic and cytolytic
processes[45,46]. The above studies indicate further that early
induction of immune tolerance may be a factor in the
onset of chronic neonatal WHV infection, and a similar
mechanism may be involved in the onset of chronic HBV
infection in unvaccinated infants born to HBV-carrier
mothers. This may include the deletion of higher affinity
virus-specific T cells by negative selection of precursor
T cells in the thymus (central tolerance), or clonal anergy
or exhaustion of virus-specific T cells that escaped early
negative selection in the thymus, which are then rendered
unresponsive due to higher viral and antigen loads
(peripheral tolerance).
Several studies have used WHV-naïve woodchucks
for testing experimental vaccines, including conventional
and DNA vaccines, and adjuvants, for later therapeutic
vaccination of chronic WHV carrier woodchucks. In these
studies antibody responses against WHsAg or WHcAg
were induced [31,55,87,165-172], and partial or full protection
against viral infection and disease by challenge with WHV
was observed[31,87,165,166,168-172]. A few studies also determined
that cellular immune responses were induced in addition to
the humoral responses[87,168-171].
Unlike when WHV-naive woodchucks are immunized,
the detection of free anti-WHs in serum of WHV carriers
vaccinated with WHsAg is more problematic due to an
excess of WHsAg in the serum samples. However, positive
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Table 2 Immunotherapeutic approaches in the woodchuck model of chronic HBV infection
Treatment
Vaccination
WHsAg vaccine/adjuvant
WHsAg vaccine/adjuvant
WHsAg vaccine/Th peptide epitope
Cytokines
IFN-a (adenoviral vector)
IFN-a (adeno-associated viral vector)
IFN-g (adenoviral vector)

Outcome

Additional results

Ref.

Anti-WHs response
Anti-WHs response (antibodies mainly directed
against preS region)
Anti-WHs response
Transient serum WHV DNA red. in a few animals (1 log)

CMI to WHsAg

Two woodchucks died

[174]

Transient serum WHV DNA red. (1 log)
Transient serum WHV DNA red. (2 logs)
Sustained serum WHV DNA red. in 2 animals

Transient WHV RI red. (1 log)

[181]
[182]

[55,56,155]
[173]

No antiviral effect

[181]

Adoptive immunotransfer
Liver transplantation

Serum WHV DNA red.

WHV RI red., WHV RNA red.

[188]

Lamivudine + WHsAg vaccine/
Th peptide epitope

No additional benefit beyond lamivudine-induced
antiviral effect

CMI to WHsAg/WHcAg

Lamivudine + b-galactosidase
(adenoviral vector)

Transient but sustained serum WHV DNA red. (> 1 log)
in addition to lamivudine-induced antiviral effect

WHV RI red., WHV cccDNA red.,
WHV RNA red.

[191]

Clevudine + b-galactosidase/+
IFN-g/+ IFN-a (adenoviral
vector)

Transient but sustained serum WHV DNA red.
in addition to clevudine-induced antiviral effect

WHV RI red.

[156]

Clevudine + emtricitabine + IFN-g
(adenoviral vector)

No additional benefit beyond clevudine +
emtricitabine-induced antiviral effect

Increased liver inflammation
with IFN-g

[150]

Clevudine + WHsAg vaccine

Anti-WHs response
Sustained serum WHV DNA red. (> 6 to 8 log)

WHV cccDNA red.,
CMI to WHsAg/WHcAg
Delay in onset of disease progression

Combination treatment

[55,56,155]

WHV RI, hepatic WHV DNA replicative intermediates; WHV cccDNA, covalently closed circular WHV DNA, WHV RNA, intrahepatic WHV RNA; red.,
reduction.

signals for anti-WHs can often be detected by enzyme
immunoassay under these conditions, even though it may
be complexed in native serum. This is because of the
exchange of bound anti-WHs between WHsAg in the
sample solution, and the WHsAg adsorbed to the solid
phase assay matrix. Unvaccinated WHV carriers rarely if
ever show detectable anti-WHs of this nature, even though
they may have some complexed anti-WHs in serum. Thus,
the vaccination of WHV carriers with WHsAg most
likely increases the levels of anti-WHs in complex, which
enables its subsequent detection (at generally low levels)
in the various enzyme immunoassay formats. Assays able
to detect anti-WHs in complex with WHsAg are being
developed to better study such responses.
One approach to immunotherapy is to modulate the
deficient humoral and cellular immune responses of
chronic HBV carriers by conventional vaccination (Table 2).
In one study chronic WHV carrier woodchucks received
up to 6 immunizations with a serum-derived WHsAg
vaccine that was adsorbed to aluminum salt and contained
monophosphoryl lipid A[173]. Following immunization, all
of the carrier woodchucks developed an antibody response
against WHsAg that was directed mainly against the WHV
preS region, but there was little in the way of positive CMI
to the antigen used in the vaccine. Despite the induction
of anti-WHs antibodies, serum levels of WHV DNA and
WHsAg in vaccinated carriers remained unchanged. This
was consistent with another study in which four doses of

an alum-adsorbed, formalin-inactivated WHsAg vaccine
were administered [55,56,155] . In the latter study, CMI to
WHsAg and WHsAg peptides was detected in the majority
of vaccinated carriers, but, again, there was little effect on
serum viral load (Figures 4 and 5). Therapeutic vaccination
of chronic WHV carrier woodchucks with a serum-derived
WHsAg in combination with an experimental adjuvant
(i.e., a peptide carrying a Th epitope from sperm whale
myoglobin) induced anti-WHs antibody responses and
minor transient reductions in serum WHV DNA in a few
of the vaccinated carriers[174]. Caution in the use of this
therapeutic WHsAg vaccine was recommended, however,
since some of the carriers died during the vaccinations.
Such adverse effects could have been related to the
experimental adjuvant and/or to liver disease present in
the woodchucks at entry into the study. The results from
these studies indicate that immunization of chronic WHV
carrier woodchucks with WHsAg can partially induce (or
boost) B cell responses to WHsAg. Additional modulation,
however, seems necessary for inducing a response profile
that resembles that observed during resolution of WHV
infection.
Another approach to immunotherapy of chronic HBV
infection involves direct reconstitution of the deficient
Th-type 1 immune responses in the liver to mimic natural
recovery from infection. Cytokines such as IFN-γ and
TNF-α have been reported to have direct, non-cytolytic
antiviral effects in HBV transgenic mice[8,175-177]. However,
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Figure 5 Combination treatment with clevudine and WHsAg vaccine enhances and expands the pattern of cell-mediated immune responses to WHV antigens in chronic
WHV carrier woodchucks. Changes in the PBMC responses to WHsAg, WHcAg, WHeAg, and WHxAg of chronic carriers in response to treatment with placebo (CLV-V-),
vaccine (CLV-V+), drug (CLV+V-), and combination of drug and vaccine (CLV+V+) are shown. Horizontal bars denote the period of clevudine (CLV) administration for 32 wk.
Arrowheads represent the 4 immunizations (V) using 50 μg doses of an alum-adsorbed, formalin-inactivated WHsAg vaccine at wk 32, 36, 40, and 48.

increased expression of these cytokines can occur in
established chronic WHV carriers with progressing chronic
hepatitis and liver injury[45,96,97,178], but with little concurrent
reduction in viral replication. This indicates that additional
responses would be important to developing a more
complete therapeutic effect resembling recovery. Recent
studies have shown that woodchuck IFN-γ (and TNF-α)
does not significantly deplete WHV RNA or WHV
DNA replicative intermediates in vitro in virus-infected
primary hepatocytes from chronic carriers [179]. Other
studies in primary hepatocyte cultures from established
WHV carriers suggest that expression of IFN- γ from
a transfected plasmid (and also of TNF-α) can induce
partial host response profiles with similarity to recovering
liver, and also impair a later step in viral replication by a
non-cytolytic mechanism that is probably mediated by
TNF-α[180].
The effects of woodchuck IFN-α and IFN-g on WHV
replication were determined in vivo in a recent study in
chronic WHV carrier woodchucks using an adenoviral
vector for the expression of these cytokines[181]. Following
vector administration directly into the liver, a slight but
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transient reduction in intrahepatic WHV DNA replication
and in serum WHV DNA of about 1 log was obtained
with the IFN- a expressing vector. The intrahepatic
expression of IFN-g, however, had no effect on WHV,
thus leading to the conclusion that hepatocytes of chronic
WHV carrier woodchucks may be functionally altered in
their response to IFN-g or resistant to this cytokine. In
another study, the administration of woodchuck IFN-a
using an adeno-associated viral vector for intrahepatic
delivery of this cytokine into chronic WHV carrier
woodchucks had a significant antiviral effect in that serum
WHV DNA was reduced by 2 logs on average (range 1.5
to 4 logs)[182]. The antiviral effect observed was transient
in the majority of woodchucks, but two woodchucks
appeared to have sustained suppression in serum WHV
DNA concentration. The results from these studies
indicate that in vivo therapeutic gene delivery to augment
the deficient Th-type 1 cytokine responses in liver may
restore some of the failed antiviral and immunologic
functions in human chronic HBV infection.
Another approach to immunotherapy of chronic
HBV infection involves the restoration and stimulation
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of higher-affinity Th and CTL clones in the periphery (or
locally in the liver). Rather than to supplement a specific
cytokine deficiency, it may be possible to reconstitute a
complete and successful cellular immune response to acute
infection by transfer of autologous or histocompatible
T cell clones. The efficacy of the latter approach
has been demonstrated in recent clinical studies of
lymphocompatible bone marrow or PBMC transplantation
from HBV-recovered or anti-HBV immunized donors into
chronic carrier recipients (e.g.,[183-187]). Studies of cell-based
therapies in chronic WHV carrier woodchucks involving
adoptive lymphocyte transfer from vaccinated or WHVresolved donors are in progress using neonatal-infected
carrier woodchucks made lymphocompatible with their
sires by co-injection of parental bone marrow and/or
lymphocytes at birth. Later, after the neonates become
established WHV carriers, they are re-administered
parental lymphocytes therapeutically that were primed in
the parent by immunization or recovery from acute WHV
infection (Menne et al, unpublished data). Recently, another
approach involving adoptive immunotransfer via liver
transplantation from vaccinated WHV-naïve woodchucks
into chronic carrier woodchucks was tested[188]. Following
vaccination of donor woodchucks with DNA plasmids
encoding WHcAg, WHsAg, and WHsAg in combination
with a plasmid expressing IFN-g livers were transplanted
into recipient woodchucks, and the therapeutic effect
determined. Two of 3 recipient carriers demonstrated
a reduction in serum WHV DNA below the limit of
detection by Southern hybridization analysis immediately
following transplantation that lasted for up to 7 wk.
WHV DNA in serum samples was detected when a more
sensitive PCR assay was used. Nevertheless, the reductions
in serum viremia were consistent with parallel reductions
in intrahepatic levels of WHV RNA and DNA replicative
intermediates.
Combination therapy
The high viral and antig en loads in ser um during
t h e c h r o n i c p h a s e o f i n f e c t i o n a r e b e l i e ve d t o
maintain immunologic tolerance in established carrier
woodchucks[55,56]. In some cases, treatment with antiviral
drug alone may unmask host immune responses as seen
during treatment of adult-acquired chronic HBV infection
with lamivudine[189,190]; however, such responses appear
sub-optimal for bringing about a complete recovery
phenotype. To facilitate the emergence of the host
immune response from a tolerant state maintained by
high antigen load, combination therapy with a nucleoside
analogue followed by modulation of the deficient immune
responses represents a promising approach. Such an
approach might even be able to improve upon natural
recovery by creating optimal conditions for more rapid and
complete eradication of viral cccDNA from the system.
In one study, chronic WHV carrier woodchucks were
treated with lamivudine at a relatively high daily dose of
200 mg/kg given orally for 23 wk[143]. At the time, WHV
DNA and WHsAg serum levels had declined by 3 to 5 logs
or 1 log, respectively, woodchucks were vaccinated with
three doses of a serum-derived WHsAg in combination
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with a peptide carrying a Th epitope from sperm whale
myoglobin. In contrast to a previous study[174], therapeutic
vaccination did not induce detectable anti-WHs antibody
responses in carriers; the levels of viremia and antigenemia
remained nearly unchanged from that achieved by drug
treatment, and they returned to pretreatment levels
following drug withdrawal. One important finding of this
study was that the combination of lamivudine and vaccine,
but not treatment with drug alone, induced CMI to
WHsAg and WHcAg, presumably by shifting the cytokine
profile from Th-type 2 to that of Th-type 0/1.
In another study chronic WHV carrier woodchucks
received lamivudine treatment for 6 mo, again at a
relatively high dose (200 mg/kg per day, oral) in order
to reduce serum WHV DNA by 1 to 3 logs, and were
then superinfected with an adenoviral vector expressing
[191]
b -galactosidase . Compared to control woodchucks,
combination treatment resulted in further reductions
of serum WHV DNA (10-20-fold) in the majority of
woodchucks. The vector itself induced local immune
responses in liver, and a bystander antiviral effect was
observed on intrahepatic WHV DNA, WHV cccDNA,
and WHV RNA that correlated with the inflammatory
responses involving increased intrahepatic expression
of woodchuck leukocyte markers and cytokines. The
suppression of WHV replication was transient, but
prolonged compared to woodchucks receiving lamivudine
monotherapy. Similar results were obtained following
superinfection of chronic WHV carriers with adenoviral
vectors expressing IFN-g, TNF-a, or b-galactosidase in
combination with orally administered clevudine at 10 mg/
kg per day[156]. Adenovirus superinfection led to declines
in the intrahepatic WHV DNA levels, but a long-term
benefit of combination treatment over clevudine alone
was not observed. However, in contrast to monotherapy
with lamivudine[191], recrudescence of WHV replication
was deltayed until 14 wk after withdrawal of clevudine.
T he antiviral effect of a combination of two
nucleoside analogues in addition to an adenoviral vector
expressing IFN-g also has been tested in chronic WHV
carrier woodchucks[150]. Woodchucks received clevudine
and emtricitabine simultaneously at daily oral doses of
10 mg/kg and 30 mg/kg, respectively, for 8 wk, with
two intravenous injections of the vector at wk 4 and 8.
Combination treatment with clevudine and emtricitabine
resulted in an antiviral effect on WHV replication, with
reductions in serum viremia by 4 logs, and associated
declines in intrahepatic levels of WHV DNA replicative
intermediates and WHV cccDNA. The antiviral effect was
sustained in a few woodchucks following drug withdrawal.
The additional administration of the adenoviral vector led
to increased liver inflammation, but enhancements of the
antiviral effect compared to combination treatment with
clevudine and emtricitabine were not observed.
In our study in chronically WHV-infected woodchucks
described above [55,56,155] , combination therapy with
clevudine (10 mg/kg per day, oral, 32 wk), followed
by 4 doses of a conventional WHsAg vaccine (alumadsorbed, formalin-inactivated WHsAg), enhanced the
virus-specific CMI to WHsAg, and resulted in additional
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collateral responses to other viral antigens (Figures 4 and
5). Vaccination alone elicited low-level antibody responses
to WHsAg in most woodchucks but did not affect serum
WHV DNA or WHsAg levels compared to placebo-treated
control woodchucks. Chronic WHV carrier woodchucks
treated first with clevudine to reduce serum WHV DNA
(> 6 to 8 log reduction) and WHsAg (> 50- to 500-fold
reduction), and then vaccinated, developed a more robust
anti-WHs antibody response. After vaccination, WHsAgspecific CMI was shown in both vaccinated groups, but
was significantly enhanced in woodchucks treated initially
with clevudine, and was broadened to include responses to
WHcAg and to selected peptide epitopes of WHcAg and
WHsAg.
Thus, the long-term drug treatment combined with
therapeutic vaccination was shown to break humoral
and cellular immune tolerance in treated WHV carrier
woodchucks better than the component monotherapies,
and to produce a more complete immune response
profile resembling that in recovery from acute WHV
infection, including an associated and marked reduction
in the concentration of WHV cccDNA in liver. While
the inclusion of vaccine after clevudine treatment did
not result in a significant further antiviral effect beyond
that of clevudine alone (i.e., clevudine is so potent that
further antiviral effects would be difficult to measure),
the combination therapy did have an additive benefit over
the monotherapies in delaying the onset and occurrence
of disease progression, including chronic hepatitis and
HCC [30,155]. The results of this study suggest that the
delay in the onset of chronic hepatitis and HCC is due to
the uniformly high degree of suppression of viral load,
especially the expression of viral antigens in serum and
liver, any of which could act to maintain immune tolerance
during chronic carriage. Longer term protection against
the onset or development of HCC then appeared to be a
function of the improved cellular and humoral immune
responsiveness to viral antigens, which could no longer
serve as endogenous tolerogens after reduction by drug.

The woodchuck animal model of chronic HBV infection
has been valuable in deter mining the mechanisms
of hepadnavirus replication and for studies of viral
pathogenesis including associated disease sequelae and
host immune responses. Continued modeling of early
acute phase immune responses leading to resolution versus
chronicity in the neonatal woodchuck may help to identify
useful predictive markers of outcome that will facilitate
the early identification of the carrier state, and the rational
development of antiviral and/or immunotherapies
for established chronic HBV infection. Colony-born
woodchucks infected as neonates with well-characterized
inocula also enable the evaluation of efficacy and toxicity
of new types of prophylaxis or therapy under controlled
experimental conditions in a relevant animal model
within a reasonable time frame. Continued testing of new
therapeutic approaches empirically and rationally in the
woodchuck model will ultimately improve the chances for
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successful therapeutic eradication of established chronic
HBV infection and its disease sequelae.
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Abstract
Hepatitis B virus (HBV) infection is still the most common cause of hepatocellular carcinoma and liver cirrhosis world wide. Recently, however, there has been quite
dramatic improvement in the understanding of HBV associated liver disease and its treatment. It has become
clear that high viral replication is a major risk factor for
the development of both cirrhosis and hepatocellular
carcinoma. Early studies have shown lamivudine lowers the risk of HBV associated complications. There are
currently three nucleos(t)ides licensed, in addition to
interferon, and there are more drugs coming to the market soon. Interferon or its pegylated counterpart are still
the only options for treatment with defined end points,
while nucleos(t)ides therapy is used mostly for long term
treatment. Combination therapies have not been shown
to be superior to monotherapy in naïve patients, however, the outcome depends on how the end point is defined. Interferon plus lamivudine achieves a higher viral
suppression than either treatment alone, even though
Hbe-seroconversion was not different after a one year
treatment. HBV-genotypes emerge as relevant factors,
with genotypes "A" and "B" responding relatively well to
interferon, achieving up to 20% HBsAg clearance in the
case of genotype "A". In addition to having a defined
treatment duration, interferon has the advantage of lacking resistance selection, which is a major drawback for
lamivudine and the other nucleos(t)ides. The emergence
of resistance against adefovir and entecavir is somewhat slower in naïve compared to lamivudine resistant
patients. Adefovir has a low resistance profile with 3%,
9%, 18%, and 28% after 2, 3, 4, and 5 years, respectively, while entecavir has rarely produced resistance in
naïve patients for up to 3 years.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Even though hepatitis B virus (HBV) infection is a preventable disease through vaccination, an estimated 2 billion people are HBV infected, with more than 350 million
HBsAg positive and considered as carriers or actively
infected[1]. As with hepatitis C, only about one third of the
patients that are HBsAg positive require antiviral therapy
because of active HBV replication and associated liver disease determined by elevated liver enzymes. Recently, it was
demonstrated that, at least in Asian males older than 30
years of age, there is a viral load related risk of hepatocellular carcinoma[2]. This would suggest that antiviral therapy
might be indicated even in the absence of active liver
disease to decrease the risk of developing hepatocellular
carcinoma.
There are different potential mechanisms for how
HBV can be inhibited. Mechanisms include an antiviral
and immune modulating approach with substances like
interferon, a purely antiviral approach inhibiting the HBV
polymerase with substances like acyclovir, ganciclovir, and
more recently lamivudine, adefovir, entecavir, telbivudine,
and several not yet licensed drugs. Interestingly, most of
the antivirals studied for HBV were derived from herpes
virus or HIV drug development. Thus many of these
substances are active against both HBV and HIV, as HBV
likewise to HIV replicates via an error-prone viral reverse
transcriptase. This cross-reactivity must be kept in mind
because patients with an HIV infection must never be
treated with a monotherapy for HIV, i.e. lamivudine, tenofovir. The reverse transcriptase of HBV and HIV displays
similarities, including a so called YMDD motif. Thus, in
any patient undergoing HBV-specific treatment, which
might also act against HIV, an HIV test should be recommended. Furthermore, if HBV needs to be treated while
HIV does not need to be treated, entecavir, telbivudine,
and interferon are the primary options. Future options also
might include new approaches such as the inhibition of
www.wjgnet.com
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Figure 1 HBsAg seroconversion
occurs more frequently on HBV
gentoype “A” compared to the
other Genotypes. Date given in
percent (%). Adapted from Lau
GK, et al. N Engl J Med 2005.
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viral entry by using a peptide that is competitive with HBV
binding.
Among the earliest substances to be used in man were
interferon, acyclovir (previously shown to ameliorate Herpes Simplex Virus I associated encephalitis), as well as
vidarabine and ARA-A[3-5]. Even though promising, these
agents, except for interferon, were subsequently shown to
have minor potency in controlled trials and/or had significant side effects prohibiting further development[6,7].
Similarly, a combination of interferon with these “antiviral”
agents did not improve the efficacy of interferon[8]. Ganciclovir, which is effective against cytomegalovirus, has also
been evaluated for effectiveness against HBV[9], but was
subsequently not developed further because more potent
drugs were emerging.

GOALS OF THERAPY FOR HBV INFECTION
The main goal of antiviral therapy is to prevent the
development of liver failure, due to either acute fulminant
hepatitis or chronic hepatitis B with subsequent liver
cirrhosis, the emergence of hepatocellular carcinoma, and
HBV transmission. All of these can likely be achieved by
suppressing HBV replication, which thereby leads to the
remission of liver disease activity and infectivity.
In patients with wild type virus infection, the primary
goal of antiviral therapy is to achieve seroconversion
from HBeAg to the corresponding anti-HBe antibody
(i.e. HBe seroconversion) because this immunologic
event is associated with reduced risk for progression of
liver disease[10]. Noteworthy, a prior decline in viral load
is mandatory to obtain HBe seroconversion, which is
subsequently required to also achieve seroconversion from
HBsAg to the homologous anti-HBs antibody (i.e. HBs
seroconversion). This, however, is achieved less frequently
and its likelihood, as that of HBe-Seroconversion, might
be genotype related (Figure 1)[11].
HBeAg can be negative in the presence of ongoing
high viral replication. In patients with HBeAg negative
chronic hepatitis B, pre-core mutants can be detected,
which are characterised by an inability to produce HBeAg
in detectable quantities (Core-promoter mutations) or
show a failure to produce HBeAg (start codon mutations
or mutations towards a stop codon typically in the second
www.wjgnet.com
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to last codon of the pre-core region). Available antiviral
agents are effective in suppressing HBV replication but in
many cases they are not capable of inducing a sustained
response after treatment cessation. Therefore, the main
objective of therapy is to control viral replication to
prevent ALT flares and/or induce remission of disease.

TREATMENT OUTCOME PARAMETERS
Treatment responses have been poorly defined in the
past and different studies use different endpoints, thereby
making clear comparisons troublesome. In an approach
to unify treatment outcome measurements, the European
consensus conference in 2002 defined different types of
responses[12]; i.e., an initial response, an on-treatment or
maintained response, and the sustained response when
antiviral treatment has been stopped. The virological
response is defined by the decline in HBV DNA below
104 or 103 copies/mL, the biochemical response by the
normalization of ALT levels, and the histological response
(HAI score) by the improvement in the inflammatory
activity or fibrosis indices. The combined response is
defined by the improvement in ALT levels and decrease
in viral load while the complete response is characterized
by the combination of the decrease in viral load, the
normalization of ALT levels, the occurrence of an HBeor HBs-seroconversion, and an improvement of liver
disease at histology.
The treatment response is also defined based on the
duration of therapy. An initial response is characterized
by at least 1 log 10 copies/mL decrease in viral load
compared to the baseline value at wk 12 of therapy. The
maintained response is defined by a low viral load during
therapy. Depending on the use of nucleoside analogue
or interferon, there is no agreed threshold to define the
maintained response. Usually, a decrease of viral load
below 104 copies/mL is associated with an improvement
of liver histology. However, with nucleoside analogs, the
lower the viral load, the lower the risk to develop viral drug
resistance. It seems to emerge that viral load shall decrease
to < 3 log 10 (10 3 ) copies/mL. The end of treatment
response is defined by the response observed at the end of
therapy, if there was a decision to stop treatment. A relapse
is defined by the increase in viral load after treatment
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cessation. The sustained response is conventionally
defined by the maintenance of the response 6 mo after
drug withdrawal. Finally, a breakthrough is an increase of
the viral load of at least 1log after initial response (see also
resistance).
To enable better comparison of different studies in the
future the following data should always be reported within
a given study: HBeAg loss & HBeAg seroconversion to
anti-HBe; HBsAg loss & HBsAg seroconversion to antiHBs; End of treatment results, and if applicable at 6
mo follow-up; HBV-DNA log reduction within defined
time points e.g. at wk 12 and 24; Number of patients not
achieving a 1 or 2 log reduction within 12 and 24 wk;
Mean and median log reduction; Achieved HBV DNA
reduction to absolute values, such as below 400 copies
(100 IU/mL)and below 50 copies (12.5 IU/mL); HBVGenotypes.
If new assays become available, the studies should
report data in a way that is comparable to former studies.
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Table1 Indication for observing and treating HBV
HBV-DNA
levels

ALT status Therapy/
Observation

HBeAg +

> 105

Normal

Observe

HBeAg +

> 105

Elevated

Yes

HBeAg +

> 104

Normal

Observe

HBeAg -

> 104

Elevated

Yes

HBeAg -

> 104

Normal

Observe

Pregnancy

> 109 geq/mL Irrelevant Yes

HBsAg +
Irrelevant
chemotherapy

IFN,
Antivirals
Antivirals,
IFN
Antivirals

Irrelevant Yes

Antivirals

HBsAg Anti-HBc +
Positive
chemotherapy

Irrelevant Observe, treat in Antivirals
case of HBs-Ag
appearance

Advanced
fibrosis

irrelevant

Elevated

Transplanted
patients

> 104

Asian male

> 105/6

Always

Antivirals

Consider
Treatment

Antivirals

Irrelevant Yes

Antivirals

INDICATION OF ANTIVIRAL THERAPY
Treatment goals and knowledge of the natural history of
disease are important for deciding who needs treatment.
Two studies have shown that Asian males who are older
than 30 years and HBeAg positive[13] or have a high viral
load have a 10% risk of developing a hepatocellular carcinoma or cirrhosis[2,122]. In these patients, antiviral strategies
seem justified even in the absence of liver disease. In contrast to HCV, HBV can lead to hepatocellular carcinoma in
absence of advanced fibrosis/cirrhosis. However, whether
these data that were derived from an Asian population
can be translated to other regions of the world with different HBV genotypes and ethnic backgrounds appears
questionable. There was no difference in survival and liver
related death in European HBsAg positive blood donors
vs HBsAg negative blood donors[14]. Based on the present
knowledge of the natural history of chronic HBV hepatitis
and on the efficacy of antiviral drugs, antiviral therapy of
chronic HBV infection is indicated in patients with chronic
hepatitis B in the immunoactive phase characterized by
high levels of viral replication and elevated serum ALT
levels (Table 1). Liver histology usually shows inflammatory activity and variable degrees of liver fibrosis depending on the duration of the disease. Since continuing HBV
replication and elevation of ALT levels reflect a significant
risk of disease progression towards liver cirrhosis and
hepatocellular carcinoma[15,16], antiviral therapy is indicated
to decrease viral load, normalize ALT levels and induce a
remission of the liver disease.
There are two main forms of chronic HBsAg positive
hepatitis, which are distinguished by their HBeAg status.
The HBeAg positive form is associated with a so-called
wild type virus infection, HBsAg and HBeAg positivity,
high HBV DNA levels, usually > 10 6 copies/mL, and
elevated ALT levels. The HBeAg negative for m is
associated with core promoter and/or pre-core mutant
virus infection, HBsAg positivity and HBeAg negativity
(most patients have anti-HBe antibody), HBV DNA levels
that are fluctuating but are usually > 104 copies/mL, and
elevated ALT levels that may also fluctuate over time.

Treatment endpoints differ depending on the form of
chronic hepatitis B.
It is currently not recommended to treat patients
who are in the immunotolerant phase. They are defined
serologically by HBsAg positivity, HBeAg positivity, high
HBV DNA levels (usually higher than 108 copies/mL),
and normal serum ALT levels. They usually have no
liver damage or only minimal liver disease at liver biopsy
examination, but they are highly infectious. The results of
clinical trials for interferon alpha or nucleoside analogs
indicate that patients with high HBV DNA load and
normal ALT levels have almost no chance of HBeAg
seroconversion. However, patients should be monitored
on a regular basis to diagnose a break in immune tolerance
characterized by an elevation in ALT levels and a decline in
viral load, which may reflect the onset of liver damage and
represent an indication for antiviral therapy. In addition,
being a 30 years old Asian male with a viral load above
106 might also serve as an indication because of the 10%
change of developing a HCC or liver cirrhosis in ten
years[2,121]. However, this prediction probably cannot be
transferred to women and to European patients.
The other category of patients with chronic HBV
infection who should not be treated are HBsAg inactive
carriers. Their virologic profile is characterized by HBsAg
positivity, HBeAg negativity, anti-HBe antibody positivity,
persistently low HBV DNA levels (< 10 4 copies/mL),
and normal ALT levels. Liver histology usually shows
no or minimal damage and the risk of progressing liver
disease is considered to be minimal as long as ALT levels
remain normal and viraemia is below 104 copies/mL. It is
currently recommended that these patients should not be
treated but should be followed carefully every 3 to 6 mo
to promptly diagnose reactivation of viral replication and
ALT exacerbations. When their values have been stable
for 2 years, one can consider extending their monitoring
intervals to 12 mo intervals.
In the case of advanced fibrosis, the recommendation
www.wjgnet.com
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Figure 2 Pre-emptive lamivudine
is associated with lower frequency
and lower severity of hepatitis during
chemotherapy. Date given in percent (%).
Adapted from Li YH, et al. Cancer 2006.
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is to initiate every patient on antivirals to prevent further
deterioration of their liver disease independent of disease
activity at least in the presence of HBV-DNA. Certainly,
when fibrosis regresses during treatment an interruption
might be considered.
Another clear indication for antiviral treatment is prevention of reactivation on chemotherapy, where lamivudine has been associated with lower frequency and lower
disease severity of hepatitis (Figure 2)[17]. To a lesser extent, antiviral therapy seems indicated in late pregnancy in
women with a high viral load[18,19], but formal clinical studies have not yet been published.
General outcome predictors
Some pre-treatment factors have been identified that predict responses to therapy. They may be useful in treatment
decisions and drug choices. The results of clinical trials
have shown that high ALT values (> 3 × ULN) are always
predictive of a higher chance of HBeAg-seroconversion.
In addition, a low viral load (< 107 copies/mL equivalent
to 35 pg/mL) is predictive of a favourable response to
standard or pegylated interferon. In addition, likewise
to HCV though to a lesser extent, there is emerging evidence that HBV-genotypes are associated with treatment
responses. While genotypes seem to be of no relevance
for nucleos(t)ide therapy, there is ample evidence that the
HBV genotypes A (versus D) and B (versus C) are associated with a better response to interferon therapy. HBsAgseroconversion might be strongly associated with genotype
A[20].

STANDARD INTERFERON ALPHA
A sustained response, defined by HBe seroconversion 24
wk post-treatment, is induced by subcutaneous administration of standard interferon in 20% to 40% of patients
depending on patient characteristics; while only 5% to
10% of patients seronconvert in the placebo group[21,22].
Spontaneous HBe seroconversion is part of the natural
history of the disease and is believed to be driven by the
host immune response; in all clinical trials the spontaneous
rate of HBe-seroconversion ranges from 5% to 10% per
year. Patients with high ALT levels, a high HAI score, and
low HBV DNA levels have a higher chance of HBe seroconversion (> 40%). While responses to HCV associated
www.wjgnet.com

Grade 4

interferon therapy are usually associated with an immediate
drop in both HCV-RNA and ALT, response to interferon
with HBV is, especially in responders, associated with a
marked increase of ALT in conjunction with a decrease of
serum HBV DNA during the second or third month of
therapy. The former reflects the immunological response
leading to clearance of the virus and might also be associated with the vanishing immunosuppression caused by
HBV itself. Clearance of HBsAg and seroconversion to
anti-HBs is a late event; the percentage of patients who
became HBsAg-negative after seroconverting to anti-HBe
varied widely (7%-65%) for follow-ups of 3-4 years[23,24].
The European consensus conference recommended using a regimen of 5 MU daily or 10 MU thrice weekly for
24 wk[12]. However, due to the frequency of side effects at
these high doses of interferon, 5-6 MU interferon thrice
weekly may be an optimal choice to allow the continuation
of therapy. Side effects are frequent and numerous but
usually mild and reversible after treatment withdrawal.
HBeAg negative patients with active hepatitis B are
mostly infected with the so called pre-core mutant. Trials using 6-12 mo of interferon therapy in that patient
population showed that, regardless of interferon dosage,
there was a good response while on therapy (inhibition
of HBV-DNA, normalization of ALT) but relapses posttherapy were common and observed in a majority of
patients. These initial studies indicated that therapy, therefore, should not rely on courses of interferon less than 1
year. Long-term administration for at least 2 years showed
clinical benefit in terms of viral suppression and ALT normalization. Approximately 30% of patients may present
a sustained response after treatment withdrawal when the
interferon course was sufficiently long to maintain the suppression of viral replication[25]. However, side effects and
poor tolerance to interferon administration limit its prolonged use in this form of chronic hepatitis B.

RESULTS OF PEGYLATED INTERFERON
ALPHA
Pegylation is binding a pegylated side chain to interferon
leading to a 12 or 40 kD molecule, i.e., PEG-IFN-α2b,
and Peg-IFN-α2a respectively, which increases the half life
of interferon making a once weekly application feasible
and sufficient. These pegylated interferons have proven
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Figure 3 Viral load reduction at the end of treatment and at 24 wk follow-up in the
different treatment arms. Adapted from Lau GK, et al. N Engl J Med 2005.

Figure 4 Different response pattern on famciclovir. Adapted from Tillmann HL et al.
Hepatology 1998.

to not only increase convenience by enabling once weekly
dosing but they have also improved efficacy dramatically
in hepatitis C. Thus, it was a logical consequence to also
evaluate them in Hepatitis B. A phase II study evaluated
the efficacy of 90, 180 and 270 µg of PEG-IFN-α2a for
24 wk in comparison to a standard interferon-α2a 4.5MU
three times per week[26]. This dose of standard interferon
3 times per week, however, has to be considered to be
inappropriate at that time.
In the subsequent phase Ⅲ trials the antiviral effect of
pegylated IFN-α2a (40 kDa) or -α2b (12 kDa) administration was evaluated for 48 wk (versus 24 wk used previously
and considered as standard care). These trials have shown
a HBe seroconversion rate of approximately 30% 6 mo
post-treatment[11,27]. However, standard interferon was not
a comparator in that study; only lamivudine was tested. Interestingly, a HBs seroconversion rate of 3%-5% was observed at the end of follow-up, while clearance of HBsAg
was observed in up to 7% of patients with high genotype
dependence (Figure 1). Tolerance and the nature and frequency of side effects for pegylated interferon alpha were
generally similar to that of standard interferon in historic
controls. Flu like syndrome, inflammatory skin reaction
at the injection site and neutropenia were more frequent
with pegylated than with standard interferon. Interestingly,
depression, which occurs in about 30% of HCV patients
during treatment, was reported to be lower than 3%. Even
though viral suppression at the end of follow-up was similar for Peg-IFN-α2a and Peg-IFN-α2a plus lamivudine,
the end of treatment viral suppression was significantly
more pronounced in combination therapy (Figure 3) based
on the given confidence intervals.

resistant herpes simplex virus I infection. Famciclovir was
subsequently shown to also have some HBV-activity in vitro
and was thus developed for HBV therapy. In both liver
and heart transplant patients, famciclovir has proven to
ameliorate liver disease, despite only moderate virological
response in most of the patients[28-30]. Basically three different patterns of response were determined in our transplant
patients. A third of the patients responded well, a third
showed slow response and another third did not show any
response (Figure 4). Interestingly, the responders showed
a clear virological response, which rarely exceeded one log
reduction within three months, while transaminases and
liver function deterioration were ameliorated.
A controlled trial also proved efficacy[31], but the drug is
relatively expensive to produce and lamivudine was emerging as a more potent and less expensive drug. Nevertheless
there was a clinical response despite relatively moderate
viral suppression of 70%, which is equivalent to less than
a 1 log reduction. Some of the patients showed marked
and clear improvement in liver function after having had a
continuous decrease in liver function prior to initiation of
famciclovir (Figure 5).
Despite promising results in liver[28,29] and heart transplant[30] patients, famciclovir was not developed further
after the potency of lamivudine became evident. All of
the patients responding slowly or not responding to famciclovir showed immediate and more marked response to
lamivudine, as did the patients developing resistance on
famciclovir[32].

NUCLEOS(T)IDE ANALOGUES
While interferon usually leads to some side effects,
such as flu like symptoms, the various nucleos(t)ides are
characterised by few side effects, at least at the licensed
dose.
Famciclovir
The first nucleos(t)ide studied in a larger trial was famciclovir, which was developed as a treatment for acyclovir

Lamivudine
Lamivudine (3TC) has been developed for inhibiting the
reverse transcriptase of HIV [33], but as HBV’s life cycle also
requires a functioning reverse transcriptase, lamivudine was
investigated and proven to be effective in inhibiting HBV
as well, both in vitro and in vivo[34]. Several phase Ⅲ trials
have demonstrated the antiviral efficacy of lamivudine
administration in patients with HBeAg positive[35,36] and
HBeAg negative chronic hepatitis B in doses of 100 to 300
mg/d[37]. The higher doses used in HIV have not proven
to be more efficacious[38-40], even though their potential in
preventing resistance has not been determined. Advantages
of lamivudine are oral administration, an excellent safety
www.wjgnet.com
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(unpulished).

profile, a rapid antiviral effect, and a relatively low cost of
therapy. Viral load declines by 3-5 log10 copies/mL after a
year of therapy compared to baseline values. The antiviral
effect is accompanied by a significant decrease in ALT
levels, and an improvement in the histology activity index.
An improvement of liver fibrosis has also been observed
during lamivudine therapy[41]. However, the primary goal
of therapy, i.e. HBe seroconversion, is obtained only in
approximately 20% of patients after 1 year of treatment,
which was nevertheless significantly higher than in patients
receiving placebo (5%-10%). Continuous lamivudine
therapy is indicated in patients who do not seroconvert. It
avoids a rebound of viral replication and exacerbations of
liver disease. Continuing lamivudine therapy is associated
with a progressive increase in the number of patients who
undergo HBe seroconversion, reaching approximately
50% after 4 years of therapy [42]. A factor influencing
the durability of HBe seroconversion is the duration
of lamivudine therapy after seroconversion. In HBeAg
negative patients, long-term lamivudine treatment is
required because rebound is immediate after cessation[37].
Emtricitabine
Emtricitabine (FTC) is a L-deoxycytidine analogue as is
lamivudine. Emtricitabine was also developed for HIV
therapy, where it is often used in a fixed combination
with tenofovir. Emtricitabine was evaluated in phase Ⅱ
and phase Ⅲ trials. In a study randomising 98 patients
to receive emtricitabine at 25, 100, or 200 mg daily for
48 wk and then 200 mg until wk 96, the dose of 200 mg
daily provided the best results. After 2 years, 53% of the
patients had serum HBV DNA below 4700 copies/mL,
33% seroconverted to anti-HBe and 85% had normal ALT
levels. Resistance mutations were observed in 18% of
patients after 96 wk of therapy[43].
A 200 mg dose of emtricitabine has been shown to
be superior to placebo for histologic improvement (103
www.wjgnet.com

of 167 (62%) patients receiving FTC vs 20 of 81 (25%)
receiving placebo; P < 0.001). Serum HBV DNA less than
400 copies/mL was achieved in 91 of 167 (54%) patients
in the FTC group vs 2 of 81 (2%) in the placebo group (P
< 0.001). Resistance towards FTC was detected in 20 of
159 FTC treated patients (13%, with a 95% confidence interval of 8%-18%). The safety profile of emtricitabine was
found to be similar to that of placebo during treatment[44].
Being an L-nucleoside, FTC shows cross resistance to Lamivudine[45].
Telbivudine
Telbivudine is also an L-analogue, such as lamivudine,
and it shares a similar resistance profile to lamivudine.
However, resistance to telbivudine is associated with the
YIDD mutation, leaving entecavir fully active. The safety,
antiviral activity, and pharmacokinetics of telbivudine
have been assessed in 43 adults with hepatitis B and
antigen-positive chronic hepatitis B [46]. This placebocontrolled dose-escalation trial investigated six telbivudine
daily dosing levels (25, 50, 100, 200, 400, and 800 mg/d);
treatment was given for 4 wk. There was more than a 2
log reduction in all dose groups within one week, with
disclosing higher potency of the > 400 mg dose only in the
second phase. Telbivudine was well tolerated at all dosing
levels, with no dose-related or treatment-related clinical
or laboratory adverse events. Antiviral activity was dosedependent, with a maximum at doses of 400 mg/d and
or more. In the 800 mg/d cohort, the mean HBV DNA
reduction was 3.75 log10 copies/mL at wk 4, comprising a
99.98% reduction in serum viral load. Subsequently, large
phase Ⅲ studies have shown the superiority of telbivudine
compared to lamivudine in the suppression of viral load
(by 6.5 log10 versus 5.5 log10) and improvement of liver
histology[47]. A 24 wk study also showed telbivudine to be
more active than adefovir with a 6.3 vs 4.97 log reduction
of HBV-DNA[48]. Telbivudine resistance was observed in
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approximately 5% of patients after 1 year of therapy and
associated with a M204I mutation, as expected, within
the “YMDD”-motif in the viral polymerase[49]. However,
the M204V mutation, which is frequently associated with
additional mutations at 180 and 173, has not been detected
with telbivudine [50]. This might be another advantage
in addition to its higher antiviral activity. Importantly,
pharmacokinetics indicate no alteration with impaired
hepatic function[51].
Adefovir
In the early 1990s, adefovir was shown to inhibit HBV
and HIV in cell cultures[52,53]. Its development for HIV
was halted because the dose required for HIV inhibition
was associated with significant nephrotoxicity beyond 24
wk of treatment[54]. However, HBV was inhibited with
lower doses of adefovir and it could even be used safely in
renal impaired patients[55]. It was shown that a 10 mg dose
provided a smaller decrease in viral load than a 30 mg dose
(Figure 6) but there was a higher creatinine increase with
the 30 mg dose and therefore only the 10 mg dose was
developed further[56].
In a large phase Ⅲ trial, 515 patients with HBeAg
positive chronic hepatitis B were treated with adefovir 10
mg (n = 171), adefovir 30 mg (n = 173) or placebo (n =
167) for 48 wk. HBe seroconversion was achieved only
in a minority of patients, i.e. 14% in the 30 mg daily and
12% in the 10 mg daily dosing group of patients receiving
adefovir dipivoxil versus 6% in the placebo group. ALT
levels normalized in 48% and 55% of patients receiving
adefovir 10 and 30 mg adefovir respectively, versus 16%
in the placebo group. Reduction of HBV-DNA and
liver inflammation and fibrosis improved significantly in
patients given adefovir (Figure 6)[57]. Tolerance for the
daily dose of 10 mg adefovir was comparable to placebo.
Extended administration of adefovir dipivoxil showed an
increased rate of HBe seroconversion over time: 14% of
296 patients, 33% of 231 patients, and 46% of 84 patients
after 1, 2, and 3 years of therapy, respectively[57,58].
S i m i l a r t o H B e A g p o s i t ive p a t i e n t s, a d e f ov i r
administration for 48 wk in HBeAg negative patients
induced histologic improvement more frequently in
adefovir treated (64%) vs placebo treated patients (33%,
P < 0.001), and reduced serum HBV DNA below < 400

copies/mL [51% (63 of 123) vs 0%; P < 0.001][59]. HBV
DNA was below 1000 copies/mL in 51%, 71% and
79% patients after 48, 96 and 144 wk, respectively[59-60].
Interestingly, in the majority of patients who were switched
from adefovir to placebo, the benefit of treatment was lost,
indicating that antiviral therapy with nucleoside analogs
must be prolonged in this patient population to avoid viral
reactivation and ALT flares. Side effects after 144 wk were
similar to those observed at wk 48. It has been presented
recently that 22/33 anti-HBeAg negative patients showed
sustained response when adefovir was stopped after 4 to 5
years of continues adefovir therapy[122].
Entecavir
Entecavir was developed as an anti-herpes drug, but
proved to display only moderate activity, which eventually
led to discontinuation of development for this indication.
However, Bristol-Myers Squibb discovered that entecavir
was extremely potent against HBV through inhibition
of HBV-DNA polymerase, with relatively low toxicity.
Entecavir is the first HBV-specific antiviral to be licensed
that seems to lack both HIV and herpesvirus crossreactivity[61], which is especially attractive for HIV-HBV
co-infected patients not yet requiring HIV-treatment.
Entecavir has been evaluated for naïve patients in two
controlled phase Ⅲ trials involving 715 HBeAg positive
and 648 HBeAg-negative patients with chronic HBV
infection, detectable HBV DNA, persistently elevated
ALT levels and chronic inflammation on liver biopsy.
Entecavir administered 0.5 mg orally once daily for 52 wk
was shown to be superior to lamivudine (100 mg orally
once daily for 52 wk) for the primary efficacy endpoint of
histological improvement and for secondary endpoints,
such as the reduction in viral load (6.9log vs 5.4log, P <
0.001 for HBeAg+; 5.0 vs 4.5log, P < 0.001 for HBeAg-)
and normalization of ALT (68 vs 60%, P = 0.02 for
HBeAg+; 78 vs 71%; P = 0.045 for HBeAg-)[62,63]. After
2 years of treatment, 81% of patients receiving entecavir
had a viral load below 300 copies/mL versus only 39%
of patients receiving lamivudine, 31% seronconverted to
anti-HBe versus 26% in the lamivudine group, and 5%
showed a clearance of HBsAg versus 3% in lamivudine
treated patients[64]. The second year, however, was limited
to 307 of the initial 709 patients. In lamivudine refractory
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patients, entecavir administered at 1 mg once daily
induced a significant viral load reduction and histological
improvement, by comparison with the control group
treated with lamivudine [65]. Entecavir was approved in
2005 by the US FDA for the treatment of chronic HBV
infection in adults with evidence of active viral replication
and either evidence of persistent elevation in serum ALT
or histologically active disease. Entecavir resistant mutants
have been described mainly in patients with lamivudine
resistance[66]. Approximately 9% of lamivudine resistant
patients treated with entecavir develop resistance to
entecavir after 2 years of therapy. The resistant mutants
are then resistant to both lamivudine and entecavir.
Tenofovir
Tenofovir is licensed for the treatment of HIV infection
but has known activity against HBV as well. It is less
nephrotoxic and therefore it can be used in a higher dose
(300 mg) unlike adefovir, which is licensed for a 10 mg
dose.
Tenofovir’s anti-HBV activity has been studied in vitro
and in vivo mostly in HIV infected patients coinfected with
HBV. In this patient population, tenofovir administration
decreased HBV load significantly both in lamivudine
naïve and lamivudine resistant patients [67-69]. There is
good evidence from non-randomized[70], but also a small
randomised study, that tenofovir is more potent than
adefovir in reducing HBV load [71]. Phase Ⅲ trials are
ongoing to compare the anti-HBV activities of tenofovir
and adefovir in HBV mono-infected patients and in HIVHBV co-infected patients. Currently, even though it has
higher potency and lower cost compared to adefovir,
tenofovir cannot be prescribed. This can be considered
as a drawback of modern bureaucratic medicine, which
prohibits using a drug that has a better safety profile and
higher activity at lower costs, but has not been specifically
evaluated for that indication.
Clevudine
Clevudine is an artificial beta-L nucleoside analogue that
shows cross-resistance to lamivudine[45]. It seems to have
an advantage in that viral load rebound after therapy
cessation is not immediate[72]. A specific attractive aspect
of clevudine is it’s activity against delta virus infection, at
least in the woodchuck model[73].
Pradefovir (Remofovir)
There is evidence that the safety of ADV could be improved if liver-specific targeting could be achieved, thereby
allowing higher liver-associated concentration without increase of systemic exposure with nephrotoxic consequences. One such prodrug is pradefovir, formerly remofovir[74],
which is under clinical development. 10, 20 and 30 mg of
pradefovir seem to be more potent than 10 mg of adefovir
(-4.22, -4.33 , -5.06log vs -3.66) [75]. However, it needs to be
determined whether it is more effective than tenofovir.
ANA380
ANA380 is a prodrug of ANA317, another recently reported substance with activity against lamivudine resistant
HBV. Patients treated with ANA 380 at 30 mg, 60 mg, 90
www.wjgnet.com
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mg, 150 mg and 240 mg dose levels experienced reduction
in plasma HBV viral DNA at 12 wk of 2.8 log. 3.2 log, 3.9
log10, 3.9 log10 and 4.1 log10 units, respectively[76].
Myrcludex B: an acylated PreS1 peptide
It was found that the preS1 amino acids 2-48 mediate
attachment of the virus to its target cells. Furthermore
amino-terminally acylated peptides containing amino acids
2-18, and even more efficiently with 2-48 of the PreS1
domain, can be used to block hepatitis B virus infection[77].
Using this concept, Urban et al, developed a peptide that
was shown to inhibit HBV-infection in vitro and in animal
models and is currently being developed as an antiviral
approach. It is currently not clear whether it will inhibit infection in a post exposure approach, i.e. after needle stick
injury or liver transplantation of HBV-positive patients, to
prevent re-infection or whether it might have antiviral activity in chronic hepatitis B.

COMBINATION THERAPY
Several studies have evaluated the efficacy of a combination of interferon alpha 2a or 2b with lamivudine and
more recently a combination of Peg-IFN alpha 2a or 2b
with lamivudine in comparison with pegIFN alone and/or
lamivudine alone[11,27]. It was concluded that the efficacy of
combined Peg-IFN plus lamivudine is not different from
Peg-IFN alone if both are given for 48 wk. However, this
depends on what you are observing. HBeAg seroconversion actually was even lower, though not significantly different, 24 wk post-treatment. Similarly the viral load reduction and normalisation of transaminases was similar between Peg-IFN plus lamivudine vs Peg-IFN monotherapy
24 wk after the end of therapy[78].
The decline of viral load was higher, however, in
the combination group than in the single treatment
group during therapy (Figure 3). The rate of lamivudine
r e s i s t a n c e wa s l owe r i n p a t i e n t s w h o r e c e ive d a
combination of lamivudine with pegIFN compared to
lamivudine monotherapy, and following the state of art,
one would not have stopped lamivudine therapy at 48 wk.
Thus, it may be premature to state that Peg-IFN should
not be combined with lamivudine, but this certainly would
need further study.
Likewise, a very small study suggested that ccc-DNA
reduction was augmented when adefovir is combined with
Peg-IFN vs adefovir alone[79]. Whether this can eventually
lead to higher HBsAg seroconversion rates needs to be
determined in future studies.
A combination therapy approach is also suggested with
use of some of the more recently developed antivirals. It
had been shown that adefovir plus emtricitabin is superior
to adefovir alone[80]. Given the similarity but superiority of
tenofovir versus adefovir, the combination of tenofovir
with emtricitabine appears especially promising, and
since this combination is one of the backbones of HIVantiretroviral therapy and there is already an excellent track
record.
Recently, emtricitabine was also combined with 10 mg
clevudine (1.8 to 2.3 log reduction) and results showed a
superiority for the combination versus emtricitabine alone
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A

Resistence development on antivirals

Figure 7 Prevalence of resistance on
different antivirals, up to 2 (A) and up to 5 (B)
year data.
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(1.4 to 2.0 log reduction)[81]. These viral load reductions,
however, were still lower than those reported on 50 mg
clevudine monotherapy (s. clevudine above). Thus, in
the combination trials each drug should also be tested
as monotherapy to exclude the “combination effect” of
higher potency for one of the drugs.

DRUG RESISTANCE
HBV replicates via an error prone viral reverse transcriptase
resulting in a large pool of quasispecies with mutations
interspersed throughout the genome. During antiviral drug
selection pressure (e.g., lamivudine, adefovir, or entecavir),
HBV mutants are selected from the preexisting pool of
quasispecies and over time become the dominant species.
Drug resistant mutants emerge as a function of at least
six factors: (1) the viral mutation frequency (annual error
rate), (2) the intrinsic mutability of the antiviral target site
(some mutants are lethal and cannot replicate), (3) the
selective pressure exerted by the drug (the stronger the
more likely a resistance emerges), (4) the magnitude and
rate of virus replication (the higher the viral load, the more
likely resistance emerges), (5) the overall replication fitness
of the mutant (some mutants are replicating very poorly
and some require addition compensatory mutations), and
(6) the availability of replication space (the amount of
cccDNA harboured in a cell is limited; if there is no space
for new cccDNA the likelihood of resistance is reduced).
HBV resistance to antivirals can be defined at different

5

(yr)

levels, which usually develop sequentially: (1) genotypic
resistance is the detection of polymerase gene mutations
known to confer resistance to the drug, (2) virologic
breakthrough has been defined as an increase of at least
one log10 copies/mL compared to the lowest value during
treatment, associated with the presence of resistance
mutations following genotypic resistance, (3) clinical
failure is defined as viral breakthrough and increase in
ALT levels and subsequently progression of liver disease
usually following the virological breakthrough. Very rarely
increased replication of viruses can be observed after
emergence of resistance[82], which was first described 40
years ago for enteroviruses [83], and some years ago for
HIV[84,85], which has, however, minor clinical relevance
because of the multiple drug approach in HIV.
One of the clear advantages of interferons is their
inability to significantly induce mutations, which would
subsequently abolish interferon activity. In contrast, all
nucleos(t)ide given for more than 48 wk have been shown
to induce mutations with various frequencies after 1 to
2 years and during longer treatment (Figure 7A and B),
which leads to impaired sensitivity towards the appropriate
antiviral. The first antiviral leading to some clinical
improvement but also to mutations was famciclovir. It’s
signature mutation was L528M[32] (now corresponding to
rtL180M, as numbering was changed to start at the start
of the reverse transcriptase of HBV-DNA polymerase
with the highly conserved EDWGPCDEHG motif [86])
thereby eliminating different numbering for different HBV
www.wjgnet.com
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genotypes. Patients with such a L528M/rtL180M mutation
were shown to be sensitive to lamivudine, at least until
YMDD mutations due to lamivudine became known as
well[32].
New drugs have become available and knowledge
of the in vitro cross-resistance profile has provided the
rationale for their use in patients with treatment failure.
The rescue treatment of patients with drug resistance has
improved significantly in recent years.
The major problem of long-term lamivudine therapy
is the occurrence of drug resistance. The spontaneous
variability of the HBV genome and the slow kinetics of
viral clearance, are the biological basis for the selection of
drug resistant mutants. The results of phase III clinical
trials and of cohort studies have shown an incidence of
lamivudine resistance of approximately 20% per year[87].
Lamivudine resistance develops in up to 70% of patients
after 4 years of therapy[88,89], leading to an increase in viral
load (viral breakthrough) that is followed by an increase
in ALT levels (biochemical breakthrough), a reduced HBe
seroconversion rate in HBeAg positive patients, and a
progression of liver disease[87]. In some patients, especially
those with liver cirrhosis or severe fibrosis, the biochemical
breakthrough that follows lamivudine resistance may cause
a severe and acute exacerbation of liver disease that may
precipitate liver failure[88,90-92].
Long-term studies have shown that antiviral efficacy
and histological improvement is progressively lost with
time because the prevalence of resistance mutations
increases as liver disease continues. This was observed in
some patients with YMDD mutations but none without
those mutations[93]. ALT levels increase progressively with
the duration of infection with the YMDD mutants and it
was reported that no patient who developed lamivudine
resistance mutation for 24 mo had normal ALT levels[94]. It
is therefore necessary to make an early diagnosis of drug
resistance to adapt rescue antiviral therapy prior to the
degradation of liver functions[92,95].
In a retrospective nationwide analysis of lamivudine
therapy in Italy, the development of clinically important
events after virological breakthroughs depended on the
severity of the underlying liver disease; severe hepatitis
flares at the emergence of YMDD were noted in patients
with child B and C cirrhosis but not in patients with noncirrhotic chronic hepatitis[96], which is in agreement with
previous studies[91,92]. Interestingly, the rate of HCC was
diminished even in multivariate analysis in patients with
maintained response vs those with breakthrough[96].
Mutations conferring resistance to lamivudine are
mainly located in the C domain of the reverse transcriptase
within the YMDD motif, i.e. M204V or M204I, and may
be associated with compensatory mutations in the C domain, i.e. V173L or L180M. After 1 year of treatment,
lamivudine resistant mutants emerged in 22% of patients,
increasing to 38% after 2 years, 53% after 3 years, 66% after 4 years, and 69% after 5 years[87,89,97]. However, this also
means that approximately 30% of patients seem to never
develop resistance against lamivudine. In vitro and in vivo
studies showed that the main lamivudine resistant mutants
remain sensitive to adefovir[98,99], tenofovir[70], and entecav-
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ir[62,100], even though susceptibility to entecavir was reduced
in vitro[101].
Comparing the addition of adefovir to ongoing lamivudine and the switch from lamivudine to adefovir did
not reveal any difference in viral load decline in these two
treatment groups. However, recently Lampertico et al[102]
presented data showing very pronounced viral load reduction if adefovir was added when viral resistance emerged
instead of when clinical resistance with elevated liver enzymes was evident. In addition, the risk of resistance to
adefovir was significantly less frequent in patients receiving
adefovir in addition rather than as a substitute for lamivudine[103]. Thus, because of the lack of cross-resistance
between the two drugs, there is now a consensus among
experts that adefovir should be added to lamivudine in
patients with lamivudine failure to prevent or delay the
subsequent selection of new resistant mutants.
Because of the reduced susceptibility of the lamivudine resistance mutant to entecavir in vitro, entecavir was
given to patients with lamivudine failure at a dose of 1
mg daily instead of 0.5 mg, which was given to naïve patients. Entecavir induced a significant decline in viral load
in these lamivudine refractory patients [65]. Noteworthy,
cases of entecavir resistance were described so far only in
lamivudine resistant patients, suggesting that some level
of cross-resistance between these two drugs is responsible
for the selection of mutants resistant to both drugs. Based
on these findings, follow-up studies are required to better
determine the indication of entecavir in patients with prior
lamivudine resistance.
Telbivudine and emtricitabine share the same resistance
mutations as lamivudine except that telbivudine seems to
not induce mutations at L180M and 173 as frequently. The
year one resistance data within the GLOBE-study indicate
that the telbivudine resistance is associated with a M250I
mutation and not with a M250V mutation.
In patients treated continuously with adefovir 10
mg/d as a monotherapy, drug-resistant mutants emerged
in 2%, 5.9%, 18%, and 29% of patients after 2-5 years,
respectively. Resistance to adefovir is most frequently conferred by the selection of a rtN236T mutation in the D
domain of the HBV polymerase or a rtA181V mutation
in the B domain of the polymerase[104-106]. This may be accompanied by liver failure[107]. In vitro, the rtN236T mutation is sensitive to both lamivudine and entecavir and the
rtA181V showed a decreased susceptibility to lamivudine,
which can be confirmed in vivo[106,107]. Adefovir resistance
can probably be significantly reduced if treatment is combined with lamivudine. In addition, it has been suggested
that resistance to adefovir is more likely to develop in lamivudine resistant patients with 10% vs 0% after one year
adefovir [108], which is in agreement with another Korean
study reporting a resistance rate of 6.4% and 25.4% after 1
and 2 years adefovir therapy, respectively[109]. Mutant HBV
with resistance against both adefovir and lamivudine can
emerge[106].
Recently, it was sug gested that a mutant/variant
rtI233V is naturally occurring even before therapy in some
HBV patients[110] and might be associated with reduced
susceptibility to adefovir. Resistance was proven for that
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mutation in vitro after it had been observed in three patients not responding to adefovir [111]. Surprisingly, this
mutation has not been observed in patients developing
virological breakthrough. This mutation has not, however,
been seen in any of the 20 patients with insufficient response to adefovir from another institution[112]. Since 10%
of patients with normal rt sequence have an insufficient
response to adefovir, this may be more related to drug
transporter polymorphisms, since they have been related to
nephrotoxicity, but could also account for the insufficient
response.
Entecavir resistance was observed mainly in the therapy of lamivudine refractory patients. The resistance rate
appears to be approximately 10% after 2 years and 25%
after 3 years in patients with lamivudine failure and 0.8%
in naïve patients over 3 years[123]. The main resistance mutations are rtT184G, rtS202I, rtM250V on a background
of lamivudine resistance mutations[113]. These mutants are
resistant to lamivudine but appear to be susceptible to adefovir in vitro[114]. Clinical data are awaited to provide recommendation for the treatment of entecavir resistant patients.
The emergence of entecavir resistance seems to be bound
to the presence of a M250V mutation, thus leaving entecavir as a full option in case of telbivudine resistance.
Monitoring of antiviral therapy
Monitoring during antiviral therapy could serve different
purposes: (1) estimation of the response based on early
viral kinetics; and (2) early recognition of the development
of viral resistance with an increase in the viral load after
initial reduction or by mutation monitoring.
It was initially shown by Puchhammer-Stockl et al[115]
that patients showing an early viral response are less likely
to develop resistance with lamivudine, which was recently
confirmed prospectively for telbivudine[116]. Nevertheless
monitoring viral resistance by observing the emergence
of mutations known to confer resistance would be the
most sensitive way to monitor patients who remain
viraemic on current treatments. Based on experience,
it is not recommended to wait until an increase in viral
load associated with ALT-elevation is evident, since these
patients are less likely to respond as well as those placed
on an alternative additional antiviral therapy earlier. In
addition, this approach harbours the risk of hepatic
decompensation. With any nucleos(t)ide there will always
be a risk for the emergence of drug-resistance, which
mandates monitoring patients on antiviral therapy. The
rationale for the timing of monitoring derives from the
consideration that the biochemical breakthrough usually
occurs with a delay of several weeks after the virological
breakthrough and that the clinical impact is usually
different in non-cirrhotic than in cirrhotic disease. In the
former, the ALT breakthrough most often has no major
clinical consequences and in the latter it may precipitate
liver failure and death. Monitoring should be performed
by measuring the viral load with quantitative HBV DNA
testing and certainly transaminases. If the residual viraemia
remains high (see below) treatment should be switched to
alternative therapy, if possible.
The antiviral response at wk 24 of therapy was found
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to be a predictor of subsequent efficacy (HBeAg loss,
HBV DNA < 200 copies/mL, ALT normalization, and
viral breakthrough) in patients treated with lamivudine
or telbivudine [117] . In the 5-year study of adefovir
administration in HBeAg negative chronic hepatitis,
patients with a viral load lower than 3 log10 copies/mL
after 1 year of therapy had a significantly lower risk of
developing resistance by year 3 of treatment (< 3%)
compared to a risk of 26% and 66% for those having
a viral load between 3 and 6 log10 copies, and > 6 log10
copies/mL, respectively [118] . On the other hand, this
sug gests that those who do not achieve a viral load
reduction should be given rescue therapy before the
development of true resistance.
During long-ter m treatment, a 3 or 6 monthly
assessment of viral load and serological markers is
required to monitor antiviral treatment efficacy and
determine whether the response is maintained or whether
drug resistance is developing. Certainly drug compliance is
important, as any drug interruption may lead to a rebound
of viral replication and ALT flares. The detection of
polymerase mutations can be performed by sequencing,
line probe assay, and DNA chip technologies. Detection
may become more complex when additional treatment
options become available, since there is emerging evidence
that the cross-resistance profile is different from one
mutant to another [119,120]. The line probe assay is more
sensitive than sequencing of PCR products but cannot
detect new mutations.
New tools may become available in the future
to monitor the efficacy of antiviral therapy, such as
the quantification of intrahepatic cccDNA or the
quantification of serum HBsAg as a surrogate marker.
Furthermore, with the development of new drugs and the
increasing complexity of the resistance profile, phenotypic
assays to determine drug susceptibility of the clinical
isolates may prove useful in tailoring antiviral therapy to
the virological situation of the patient, as already shown in
HIV.

CONCLUSIONS
Patients with minimal disease, whether in the immuntolerant phase or with inactive infection, should not be treated.
However, if it is confirmed that the risk of HCC is 10%
within 10 years for patients with more than 106 viral load,
these patients should receive antiviral treatment irrespective of the activity of their liver disease. In patients with
chronic hepatitis proven by ALT elevation and abnormal
liver histology, antiviral therapy is indicated because all
studies have shown that antiviral therapy decreases the
risk of liver disease progression compared to the natural
history of the disease. In patients who are HBeAg positive, the primary goal of antiviral therapy is to obtain HBe
seroconversion. If the patient is young and has predictive
factors of favourable response, a finite course of pegylated
interferon should be tried as a first line option in genotype
A and B patients. In other cases (including non-responders
to IFN, patients intolerant to interferon and those with
factors of poor response to interferon), long-term therapy
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Table 2 Treatment options for chronic hepatitis B and their profile
Standard Interferon PegIFN

Lamivudine

Adefovir

Entecavir

Viral suppression

4.5 log10 copies/mL

5-6 log10 copies/mL

3-4 log10 copies/mL

6-7 log10 copies/mL

Long term therapy

(6 to) 12 mo in HBe pos. Patients
24 mo in HBeAg neg. patients

+ (continuous)

+ (continuous)

+ (continuous)

Side effects

+

- to very low

- to very low

- to very low

HBe seroconversion

30%

15%-20% at 1 yr,
25%-30% at 2 yr

10%-15% at 1 yr

20% at 1 yr, 30% at 2 yr

Predictive factors for
seroconversion

High ALT, low HBV DNA levels

High ALT

High ALT

?

Clearance of HBsAg

+

-

-

?

Cost

++ per months

+

++

(++)

Sustained response

< 30% HBeAg ca. 30% in HBeAg +

Maintained response
30%-35% (3 yr)

Maintained response
≥ 70% (5 yr)

Maintained response?

Maintained response

Not applicable

Maintained response
30%-35% (3 yr)

Maintained response
≥ 70% (5 yr)

Maintained response?

Clearance of HBsAg

+ (Genotype dependent)

low

low

low

Resistance

No resistance but non-response

20% per year

0% at 1 yr up to 29% at yr 5

0% at 1 & 2 yr (2% at 1 and 10%
at 2 yr in lam resistant patients)

with nucleos(t)ide analogues is usually needed.
Long-term therapy is probably required in patients
who are HBeAg negative. Nucleoside analogues are better
tolerated than pegylated interferon, but the therapeutic
choice must take into account the risk of drug resistance
(Table 2).
Likely future therapy is to begin with an inexpensive
antiviral and then adding or switching to another in the
case of insufficient response. In patients with severe
liver disease, i.e. decompensated liver cir rhosis or
HBV recurrence on the liver graft, one might consider
combining nucleoside analogues lacking cross-resistance
from the start to provide the best chance of long-term
control of viral replication and disease progression.
Finally, it is recommended that physicians should be
brought back into the position of prescribing licensed
drugs, even if they are only licensed for another treatment,
when there is evidence for superiority of such an
approach. One such example is tenofovir, which has been
licensed for HIV and displays higher efficacy and a better
safety profile than adefovir.
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Abstract
AIM: To d e m o n s t ra t e t h e c h a n g e a n d e ffe c t o f
nociceptin/orphanin FQ in the colon of rats with cathartic
colon.
METHODS: The cathartic colon model was established
by feeding rats rhubarb for 3 mo, the changes of colonic
electromyography were investigated by both suspension
muscle strips test and serosal recordings of colonic
myoelectrical activity. Immunohistochemical staining (S-P
methods) and image analysis were used to determine
the changes of nociceptin/orphanin FQ in the proximal
colon and distal colon of rats with cathartic colon.
RESULTS: Suspension muscle strips test in vitro showed
-9
-6
OFQ (10 -10 mol/L) concentration dependently caused
an immediate tonic contraction in the isolated colon. But
the increase of tension in cathartic colon was less than
control groups (P < 0.01). Intravenous administration of
OFQ (1 µg/kg) caused phasic contractions in the proximal
colon, while the amplitude of phasic contractions caused
by OFQ in cathartic colon was much lower than that
in the control groups (2.58 ± 0.41 vs 4.16 ± 0.53, t
= -2.6, P = 0.012). OFQ was highly expressed in the
myenteric plexus of the rat colon but not in the muscle
cells. The immunoreactivity of OFQ in the proximal colon
in cathartic colon rats decreased significantly compared
with the control group (P = 0.001).
CONCLUSION: Colonic smooth muscle of cathartic
colon showed low sensitivity to the stimulation of
OFQ, suggesting that it might be caused by the
abnormal distribution of OFQ or the abnormalities of
receptors, leading to the disorganization of dynamic and
incoordinated contractions.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Slow transit constipation (STC) is a common syndrome
in idiopathic constipation. It is a severe disorder of
colonic motility. Because of lack of understanding of
the etiology, current medical treatments for STC are
often ineffective[1]. It has been shown that predominant
symptoms in STC correlate with the enteric nervous
system (ENS) abnormalities[2]. Animal experiments have
shown that stimulant laxatives can damage the ENS and
cause changes of some enteric neurotransmitters and thus
slow gastrointestinal tract transit occurs[3].
The peptide nociceptin, also called orphanin-FQ
(N/OFQ), is a 17-amino-acid peptide and was identified
in 1995 [4] . Because it binds an opioid receptor like 1
(ORL1)receptor with a high affinity, it has been reported
to be an endogeneous agonist for ORL1 receptor. In situ
hybridization studies have revealed the wide distribution
of the ORL1 receptor mRNA in the central nervous
system of rats[5], especially in the coli involved in pain
control, so most of the researches focused on the role
of N/OFQ in analgesics. However, by the activation of
the ORL1 receptor, N/OFQ can also influence reward,
anxiety, feeding and memory processes[6,7], cardiovascular
and renal functions[8,9], gastric and intestinal motility[10,11]
and secretions[12,13].
The gastrointestinal tract is an important model system
for the research of pharmocological characterization of
opioid receptors. Therefore, if N/OFQ can also act as a
brain-bowel peptide like classical opioid, it may play a role
in the regulation of gastrointestinal tract functions. In this
study, with a rat model of cathartic colon, we determined
the effects of OFQ on mechanical activity of the rat colon
and conducted immunohistochemical studies on rat colon
to assess the changes of OFQ.

MATERIALS AND METHODS
Experimental animals
Fifty Wistar rats of either sex, obtained from the
www.wjgnet.com
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Experimental Animal Center, Lanzhou University
(Lanzhou, China), weighing 290 ± 50 g, were divided
randomly into control group (n = 25) and cathartic colon
group treated with rhubarb (n = 25). Rats were housed in
cage, one per cage under standard laboratory conditions
(room temperature, 18-28℃, relative humility, 40%-80%).
Control rats were given soft chows, while the rats in
rhubarb group were given chows premixed with rhubarb
powder. The initial rhubarb dosage was 200 mg/kg . d,
and another 200 mg/kg was added every day until it
reached 1000 mg/kg.d for several days until loose stool
disappeared. Then, rhubarb was added at 200 mg/kg.d
again to 3600 mg/kg.d for 3 mo.
Materials
Tetrodotoxin (TTX) and naloxone were obtained from
Sigma Co. USA. OFQ (1-17) was obtained from Physical
Laboratories, School of Life Science, Lanzhou University
(Lanzhou, China). Rabbit antinociceptin antiserum
(Chemicon Pharmaceuticals Inc, 1:500. Goat anti-rabbit
biotinylated secondary antibody (Rocland Laboratories,
USA, 1:15 000).
Motility studies
Wistar rats (body weight, 290 ± 50 g) were star ved
overnight and killed by head-strike, longitudinal muscle
strips were isolated from proximal colon, muscle strips
(10 mm in length and 3 mm in width) were suspended
between 2 platinum electrodes in a 30 mL organ bath
filled with Krebs-Henseleit buffer containing 118 mmol/L
NaCl, 4.8 mmol/L KCl, 2.5 mmol/L CaCl2, 25 mmol/L
NaHCO 3, 1.2 mmol/L KH 2PO 4, 1.2 mmol/L MgSO 4,
11 mmol/L glucose and 0.1% bovine serum albumin.
Krebs-Henseleit buffer solution was continuously gassed
with 95%O2-5%CO2 and maintained at 37℃ and pH 7.4.
Mechanical activity was recorded on a polygraph through
isometric transducers. Muscle strips were stretched in
1-mm increments and repeatedly exposed to 10-6 mmol/
L carbachol to determine L 0, the length at which the
maximal active tension response developed. The resting
of tension was kept constant during the equilibration
period, dose-response curves were constructed after
applying OFQ (10-9-10-6 mol/L) to longitudinal muscle
stripes from proximal colon. Doses of OFQ were
administered at 20-min intervals. To investigate the neural
pathways responsible for the contractile action of OFQ,
we examined the effects of TTX and naloxone on OFQinduced contractions. Muscle strips were preincubated
with each antagonist for 10 min followed by incubation
with OFQ (n = 8).
Response of colon in anesthetized rats
Colonic motility studies in anesthetized rats were carried
out according to the procedures described previously
(Nagasaki et al, 1989.) In brief, rats were fasted for 20 h and
anesthetized with urethane (1.2 g/kg s.c.). After midline
laparotomy, a strain gauge force transducer (F-081S, Star
Medical, Japan) was sutured on the serosal surface of the
proximal colon to record the circular muscle contraction.
For intravenous administration of drugs, the right femoral
www.wjgnet.com
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vein was cannulated. After the contractile response to
bethanechol (30 mg/kg i.v) became stable, OFQ (1 µg/kg)
was administered intravenously (n = 7).
Immunohistochemistry
The animals were deeply anaesthetized with 5% isoflurane
and perfused transcardially with aerated calcium-free
Tyrode’s solution, followed by a fixative containing 4%
paraformaldehyde and 0.2% picric acid in 0.1 mol/L
phosphate buffer (pH 7.2-7.4). The proximal and distal
colons were removed immediately after perfusion, postfixed in the same fixative for 4h and then cryoprotected in
10% sucrose in phosphate-buffered saline (PBS, pH 7.4)
overnight.
A series of sections were cut and mounted on gelatinsubbed slides. Elimination of endogeneous peroxidase
activity was performed with 0.3% hydrogen peroxide in
PBS at room temperature for 30 min. The sections were
pre-blocked with 3% normal goat serum, 0.5% triton
X-100, and 1% bovine serum albumin in PBS for 30
min. Then incubated in rabbit antinociceptin antiserum
(Chemicon Pharmaceuticals Inc, 1:500) at 4℃ overnight.
The sections were rinsed with PBS and incubated for
1h with goat anti-rabbit biotinylated secondary antibody
(Rocland Laboratories, USA, 1:15 000). Then they
were incubated in an avidin-biotin complex coupled to
horseradish peroxidase for 10 min at room temperature.
Finally, after rinsing with PBS, the nociceptin-positive
neurons and nerve fibers were visualized using 3, 3’
-diaminobenzidine (DAB, Maixin Chemical Co. Fuzhou,
China). The slides were then dried, dehydrated in ethanol
(70%-100% gradually), cleared in xylene, and coverslipped
with mounting solution. Immunohistochemical image
analysis was made to assess the changes of OFQ both in
proximal and distal colons in two group rats (n = 10).
All animal experiments were carried out in accordance
with the National Institutes of Health Guide for the Care
and Use of Laboratory Animals.
Statistical analysis
Results were expressed as mean ± SE. Data were analyzed
by SPSS10.0. Differences were analyzed by one-way
analysis of variance ANOVA and independent t test.
Probabilities of P < 0.05 were considered significant.

RESULTS
Motility studies
In vitro studies using longitudinal muscle revealed that
OFQ (10 -9 -10 -6 mol/L) induced contractions in the
colon. The threshold concentration of OFQ to induce
contractions was 10-9 mol/L. In the proximal colon of two
group rats, OFQ (10-9 to 10-6 mol/L) induced contractions
in a dose-dependent manner (Figure1A), but the increase
of tension in cathartic colon was lower than in the control
groups (Figure1B). To determine if OFQ activity was
mediated by neural pathways or if it was a direct myogenic
effect, OFQ-induced contractions were examined in the
presence of TTX. In the presence of TTX, OFQ failed to
elicit additional contractions (Figure 1C). The contractions
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Figure 1 Effects of OFQ (10-9-10-6mol/L) on colon of rats in vitro. A: Effects of
OFQ on the contractile activity of longitudinal muscle strips obtained from the
rat proximal colon; B: Different effects of OFQ (10-9-10-6 mol/L) on increment of
tension in two groups of rats. aP < 0.05 vs 1 × 10-9 mol/L; bP < 0.01 vs 1 × 10-9
mol/L; C: In the presence of TTX (10-6 mol/L), OFQ (10-6 mol/L) failed to evoke
additional contractions; D: The response to OFQ (1 × 10-6 mol/L) was not affected
by naloxone (1 × 10-6 mol/L).

induced by OFQ (1 × 10-6 mol/L) were not affected by
classical opioid antagonist, naloxone (1 × 10 -6 mol/L)
(Figure1D).
Intravenous administration of OFQ caused phasic
contractions in the proximal colon (Figure 2A), it was
not affected by classical opioid antagonist, naloxone (1
× 10-6 mol/L) (Figure 2B), but the amplitude of phasic
contractions caused by OFQ in cathartic colon was much
lower than control groups (Figure 2C, 2.58 ± 0.41 vs 4.16
± 0.53, t = -2.6, P = 0.012).
Immunohistochemistry
Immunohistochemistry of OFQ in the rat gastrointestinal
tract showed that Orphain FQ immunoreactive (OFQ-IR)
neurons and nerve fibers were visualized in the myenteric
plexus of the rat colon (Figure 3A). The immunoreactivity
of OFQ in the myenteric plexus in the proximal cathartic
colon of rats decreased significantly as compared with

DISCUSSION
Due to the diet and social-psychological changes,
constipation has become an important factor affecting
the quality of human life in modern society, therefore the
morbidity is getting higher and higher. STC is a common
syndrome in idiopathic constipation. It is a severe
disorder of colonic motility characterized by a reduction
in the frequency, amplitude and duration of propulsive
contractions in the large bowel. Because of lack of
understanding of the etiology, current medical treatments
on STC are often ineffective. Animal experiments have
shown that stimulant laxatives can damage ENS and cause
the changes of some enteric neurotransmitters and thus
the slow gastrointestinal tract transit occurs.
The inner vation of the gastrointestinal tract is
unique among the visceral organs. Neurons originating
in the enteric ganglionated plexuses within the gut wall
coordinate intrinsic reflexes associated with intestinal
motility, epithelial secretion, and mucosal blood flow[14].
The myenteric plexus lies between the longitudinal and
circular smooth muscle layers and regulates intestinal
motor function. Bowel motility is controlled by a local
network of intramural ner ves [15] . Effects of opioid
peptides on GI motility have been studied. Morphine can
cause constipation due in part to slowing of GI transit
and inhibition of active intestinal secretion, which was the
normal side effect in clinical practice[16].
Despite its being homologous to classical opioids,
dynor phin A, the OFQ/ORL1 system re presents
a new pe ptide-based signaling pathway, which is
pharmacologically distinct from the opioid system [17].
Probing into the distribution and function of N/OFQ
and ORL1 receptor in the gastrointestinal tract of the
animal model will contribute to the overall understanding
of the characteristics of this neuronic system, accelerating
www.wjgnet.com
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A
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C

Figure 3 A: Expression of OFQ in the myenteric plexus of colon in control group.
SP × 200; B: Strong positive expression of OFQ in colon of control group. SP ×
400; C: Weaker positive expression of OFQ in colon of model group. SP × 400.

related researches of the gastrointestinal motility regulated
by OFQ/ORL1 receptor system and promote the general
comprehensivness of the opioid system. Thus, the model
of rats with cathartic colon was established by feeding
the rats with rhubarb for 3 months so as to illustrate the
etiology of STC.
Our in vitr o studies showed that OFQ induced
contractions of colonic longitudinal muscle strips. In
the proximal colon, OFQ (10 -9 -10 -6 mol/L) induced
contractions in a dose-dependent manner (Figure 1).
But the increase of tension in cathartic colon was lower
than the control groups (Figure 2). The mechanisms
underlying OFQ-induced contractions were further
investigated in the proximal colon. To determine if OFQ
activity was mediated by neural pathways or if it was a
direct myogenic action, OFQ induced contractions were
examined in the presence of TTX, it has been supposed
that TTX can abolish neuronal transmitter transition[18].
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In the presence of TTX, OFQ failed to evoke additional
contractions, suggesting that action of OFQ is mediated
by neural pathways. It was coincidental with the present
study that OFQ was highly expressed in the myenteric
plexus of the rat colon, but not in the muscle cells. The
in vitro, inhibitory effects of OFQ on EFS-evoked muscle
contractions has been reported for mouse vas deferens
and guinea pig ileum[19]. EFS-evoked muscular contractions
were significantly reduced by 50% in guinea pig ileum by
OFQ (10-7 mol/L) and was significantly reduced in mouse
vas deferens by OFQ. Thus, the mechanisms and sites
of action of OFQ may differ among different regions of
gastrointestinal tract and different species.
Our study in vivo showed that intravenous administration of OFQ (1 μg/kg) significantly increased muscle
contractions in the proximal colon. These observations
indicate that OFQ also stimulates colonic motility in vivo.
The effects cannot be affected by classical antagonist,
naloxone, but can be abolished in the presence of TTX,
suggesting that the action of OFQ is nerve mediated.
Currently, the physiological role of OFQ in colonic
motility is unknown. However, Takahashi et al[20] in an in
vivo study showed that intravenous administration of OFQ
(3 pmol/kg to 3 nmol/L) significantly increased muscle
contractions in the proximal colon. Furthermore, OFQ (1
nmol/L, subcutaneously) accelerated the colonic transit by
promoting migrating colonic contractions in rats[21]. These
observations also indicate that OFQ can stimulate colonic
motility in vivo.
The immunoreactivity of OFQ in the myenteric plexus
in the proximal region of the cathartic colon of rats
decreased significantly compared with the control group. It
has been suggested that OFQ prefered to be located in the
stimulating motor neuron[22]. Colonic smooth muscle of
cathartic colon showed low sensitivity to the stimulation
of OFQ and this suggested it might becaused by the
abnormal distribution of OFQ or the abnormalities of
receptors, leading to the disorganization of dynamic and
uncoordinated contractions.
In conclusion, OFQ seems to modulate the
colonic transit independently from the classical opioid
peptides [23] . We confir med that OFQ is present in
the gastrointestinal tract and has an effect on colonic
motility. The physiological role of the nociceptin-QRL1
system in the colon is not clear but it may be significant
to pathophysiological processes that underlie motor
dysfunction of the bowel[24]. These findings indicate that
OFQ is a brain-gut peptide and plays a role in the control
of gastrointestinal functions [25]. The abnormalities of
enteric nervous system are responsible for slow transit
constipation. It also indicates that chronic application
of stimulant laxatives can induce disorganization and
damage the enteric nervous system[26,27] and accelerate the
pathological changes of STC. But the pathophysiology
of STC is complex and not easily approached through
the data from animals alone. Further studies according
to the clinical characteristics of STC patients could
provide additional insight into this issue. It is necessary
to investigate the mechanism underlying the biological
actions of N/OFQ on GI. Because OFQ seems to exert
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its stimulatory action in the colon [28,29], in the future,
synthesized analogues of OFQ may be used to treat
constipation secondary to colonic inertia[30].
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Abstract
AIM: To determine the risk of malignancy and mortality
in patients with a positive endomysial or anti-gliadin antibody test in Northern Ireland.
METHODS: A population-based retrospective cohort
study design was used. Laboratory test results used
in the diagnosis of coeliac disease were obtained from
the Regional Immunology Laboratory, cancer statistics
from the Northern Ireland Cancer Registry and mortality statistics from the General Registrar Office, Northern
Ireland. Age standardized incidence ratios of malignant
neoplasms and standardized mortality ratios of all-cause
and cause-specific mortality were calculated.
RESULTS: A total of 13 338 people had an endomysial
antibody and/or an anti-gliadin antibody test in Northern
Ireland between 1993 and 1996. There were 490 patients who tested positive for endomysial antibodies and
they were assumed to have coeliac disease. There were
1133 patients who tested positive for anti-gliadin antibodies and they were defined as gluten sensitive. Malignant neoplasms were not significantly associated with
coeliac disease; however, all-cause mortality was significantly increased following diagnosis. The standardized
incidence and mortality ratios for non-Hodgkin’s lymphoma were increased in coeliac disease patients but did
not reach statistical significance. Lung and breast cancer
incidence were significantly lower and all-cause mortalwww.wjgnet.com

ity, mortality from malignant neoplasms, non-Hodgkin’s
lymphoma and digestive system disorders were significantly higher in gluten sensitive patients compared to
the Northern Ireland population.
CONCLUSION: Patients with coeliac disease or gluten
sensitivity had higher mortality rates than the Northern
Ireland population. This association persists more than
one year after diagnosis in patients testing positive for
anti-gliadin antibodies. Breast cancer is significantly reduced in the cohort of patients with gluten sensitivity.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Coeliac disease (CD) is an autoimmune disorder characterised by inflammation and villous atrophy of the small intestine, resulting in the malabsorption of vitamins and nutrients. It is caused by an immune response to wheat gluten
(gliadin). Ireland is thought to have one of the highest
incidences of CD in the world with a prevalence in Northern Ireland of at least 1 person per 122 in the population[1].
Diagnosis is normally confirmed by duodenal biopsy; however, highly sensitive and specific blood tests for CD are
available including the transglutaminase antibody test (93%
sensitive, > 99% specific) and the endomysial antibody
(EMA) test (93% sensitive, > 98% specific)[2]. Another test
the anti-gliadin antibody (AGA) test is not as sensitive or
specific for CD. It is a measure of the immune response to
gliadin and may detect people with gluten sensitivity who
don’t have clinically detectable CD. Patients testing positive
for CD are advised to adhere to a strict gluten free diet for
life[3,4] to avoid symptoms such as diarrhoea, anaemia and
weight loss associated with this condition.
In addition to the significant morbidity that can be associated with this condition, CD is thought to be associated with an increased risk of malignancy and mortality.
A recent European multi-centre study reported more than
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a three-fold increased risk of non-Hodgkin’s Lymphoma
(NHL) in patients with clinically diagnosed CD[5]. Other
studies have also reported an increased incidence and/or
mortality of NHL in patients with CD[4,6-12]. Estimates of
the standardised incidence ratio range from 3.3[5] to 18.0[10],
although Card et al[7] suggest that the risk of NHL is at the
lower end of these estimates.
CD has been associated with an increased risk of other
cancers including cancers of the gastrointestinal tract[7-9,11],
in particular cancers of the small intestine[7,9-11]. However,
West et al[8] in a recent study including 4732 people with
CD found that most cancers, except NHL, were reported
within one year of diagnosis of CD.
Studies have also reported that CD may be associated
with reduced risks of some cancers including breast cancer[8,11,13] although the reason for this association remains
unknown. West et al[8] reported that lung cancer was less
common in patients with CD with one possible explanation of the proposed protective effect of cigarette smoking[14].
Overall, mortality was higher in patients with CD compared to the population[8,10,15]. Metzger et al[15] reported a
standardised mortality ratio (SMR) of all-cause mortality
of 2.53 (95% CI 1.50-4.25) with an increased mortality
from malignant neoplasms. West et al[8] observed that the
association between all-cause mortality and CD remained
significant more than one year after diagnosis.
The aim of this study was to identify the incidence of
malignancy and mortality in patients with CD (positive
EMA test) or patients with gluten sensitivity (positive AGA
test) in a retrospective cohort study in Northern Ireland.

MATERIALS AND METHODS
Exposure measurement
A serological dataset of all patients investigated for
suspected coeliac disease tested for IgA EMA and/or
IgA AGA between 1993 and 1996 was obtained from
the Regional Immunology Laboratory, Royal Group of
Hospitals, Belfast. If patients had EMA/AGA tests on
more than one occasion their date of inclusion in the
study was the date of the first positive EMA or AGA result. Duplicates were removed and records with no date of
birth excluded. Cases were defined as patients with ‘coeliac
disease’ (positive EMA result) or ‘patients with an intolerance to gliadin in the diet’ (positive AGA, result more
than 100 × 103 EU/L). No information was available on
the EMA test results for 4585 patients who had an AGA
test. These patients were excluded from the AGA positive,
EMA negative analysis.
Outcome measurement - incidence
Researchers within the Northern Ireland Cancer Registry
(NICR)-LAA, LJM, CF; who are experienced in the
procedures involved in linking datasets, used forename,
surname, date of birth and when available hospital number
or General Practitioner name to match patients in the
serological database to patients within the NICR database.
EMA and AGA positive patients were followed-up for
between 7 and 11 years until the end of December 2003.
Exact and “fuzzy” matching algorithms were used to link
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patients in the two databases. “Fuzzy” matching used
phonetic codes for the forename and surname to match
similar sounding names which had different spellings
(i.e. Smyth and Smith). If dates of birth were similar (i.e.
01/03/1975 and 03/01/1975) they were considered as
potential matches. All “fuzzy” and potential matches were
checked manually using all available information before
being included in the study.
The main outcome measures were classified according to the International Classification of diseases (ICD)
9 before 2002 and ICD 10 thereafter: (1) Any malignant
neoplasm (ICD 9: 140-208, 230-234; ICD 10: C00-C97); (2)
NHL (ICD 9: 200, 202; ICD 10: C82-C85); (3) Gastrointestinal tract cancer (ICD 9: 150-154; ICD 10: C15-C21); (4)
Small bowel cancer (ICD 9: 152; ICD 10: C17); (5) Lung
cancer (ICD 9: 162-163; ICD 10: C34); (6) Breast cancer
(ICD 9: 174-175; ICD 10: C50); (7) Prostate cancer (ICD 9:
185; ICD 10: C61); (8) Liver cancer (ICD 9: 155; ICD 10:
C22).
Outcome measurement - mortality
The serological database was also linked by forename,
surname and date of birth to death records held by the
Registrar General’s Office (GRO), Northern Ireland until
the end of December 2003. These files contain causespecific mortality data on all deaths occurring within
Northern Ireland. Exact matching and “fuzzy” matching
algorithms were used and potential matches were checked
manually. Outcome measures included all-cause and causespecific mortality. Ethical committee approval for this
study was obtained from the Research Ethics Committee
of the Queen’s University Belfast to match the databases.
Statistical analysis
Total person-years of follow-up for the cohort of patients
with a positive EMA test and for the cohort of patients
with a positive AGA test were calculated by collating the
person-years of follow-up for each patient from the date
of entry into the cohort (1993 to 1996) until the date of
death or 31st December 2003, whichever was earlier.
Indirect standardization was used to calculate
standardised incidence ratios (SIRs) for all malignant
neoplasms and for each cancer type (including NHL,
gastrointestinal cancers, small bowel, breast, prostate, liver
and lung cancer) for patients with a positive EMA test,
for patients with a positive AGA test and for patients with
a positive AGA test but a negative EMA test. The SIRs
were calculated by taking the total number of observed
cancers within the cohort of patients with a positive EMA
or AGA test and dividing this by the expected number
of cancers, calculated by applying age and sex-specific
incidence rates within the Northern Ireland population
to each cohort. CIs were estimated using the Poisson
distribution. Standardised mortality ratios were calculated
in a similar manner to the SIRs using all and cause-specific
mortality figures obtained from the General Registrar
Office, Northern Ireland.

RESULTS
Of the 13 338 patients in Northern Ireland who underwww.wjgnet.com
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Table 1 Number of EMA and AGA positive and negative patients
AGA

+ve EMA

+ve

275

-ve EMA
456

Not recorded
402

Total
1133

-ve

215

7807

4183

12 205

Total

490

8263

4585

13 338

Table 2 Standardised incidence ratio (SIR) of malignancies
EMA +ve

AGA +ve

n

Expected

n

SIR
(95% CI)

n

Expected

All malignancies

24

25.41

0.94 (0.57-1.32)

96

86.13

All malignancies
(> 6 mo after diagnosis)

20

24.26

0.82 (0.46-1.19)

75

86.05

All malignancies
(> 12 mo after diagnosis)

18

24.24

0.74 (0.40-1.09)

67

Non-Hodgkin’s lymphoma

2

0.27

7.47 (0.00-17.83)

Gastrointestinal cancer

4

2.97

1.35 (0.03-2.67)

Small intestine

1

0.04

23.33 (0.00-69.07)

1

Lung cancer

1

2.60

0.39 (0-1.14)

Breast cancer

4

3.92

1.02 (0.02-2.02)

Prostate cancer

2

1.12

Liver cancer

2

0.06

Expected

n

SIR
(95% CI)

1.11 (0.89-1.34)

68

37.28

1.82 (1.39-2.26)

0.87 (0.67-1.07)

52

39.84

1.31 (0.95-1.66)

85.94

0.78 (0.59-0.97)

44

37.15

1.18 (0.83-1.53)

6

2.59

2.32 (0.46-4.17)

3

0.52

5.76 (0.00-12.28)

14

11.70

1.20 (0.57-1.82)

9

5.24

1.72 (0.60-2.84)

0.14

7.28 (0.00-21.54)

1

0.06

15.51 (0.00-45.90)

5

9.98

0.50 (0.06-0.94)

4

4.51

0.89 (0.02-1.76)

5

10.53

0.47 (0.06-0.89)

1

4.09

0.24 (0.00-0.72)

1.78 (0.00-4.24)

8

6.30

1.27 (0.39-2.15)

3

3.13

0.96 (0.00-2.04)

31.62 (0.00-75.45)

3

0.60

5.01 (0.00-10.69)

2

0.27

7.48 (0.00-17.86)

went EMA and/or AGA tests between 1993 and 1996 490
were EMA positive (5.6% of EMA tests), 1,133 AGA positive (8.5% of all AGA tests) and 456 patients were AGA
positive and EMA negative (5.2% of those tested for both
EMA and AGA) (Table 1).
The average age (age range) of patients with a positive
EMA or AGA test were 45 (0-88) years and 50 (0-91) years
respectively. Included in the database were 46 children (<
18 years) with a positive EMA test (9.2% of cohort) and
71 children with a positive AGA test (6.3% of cohort). In
total 68.2% of EMA positives and 63.2% of AGA positives were male. The average AGA score in those testing
positive was 215.4 × 103 EU/L (range 100-1163 × 103
EU/L).
Standardised incidence ratios-EMA
In total 24 (4.90%) of the EMA positive patients developed a malignant neoplasm during the follow-up period, 6
of which were diagnosed within 12 mo of the test. There
were no significant associations between a positive EMA
test and developing a malignant neoplasm (Table 2). Due
to the small number of EMA positive patients developing
malignancy the confidence intervals for the site specific
cancers are large resulting in no significant associations
despite a raised SIR being found for NHL [SIR 7.47 (95%
CI 0.00-17.83)], small bowel cancer [SIR 23.33 (95% CI
0.00-69.07)] and primary liver cancer [SIR 31.62 (95% CI
0.00-75.45)]. Lung cancer appeared to be less common in
EMA positive patients than in the Northern Ireland population [SIR 0.39 (95% CI 0-1.14)].
Standardised incidence ratios - AGA
In total 96 (8.47%) of the AGA positive population dewww.wjgnet.com

AGA +ve, EMA -ve

n

n

SIR
(95% CI)

veloped a malignant neoplasm. There were no significant
associations between a positive AGA result and the development of malignant neoplasms (Table 2). However, malignancy was significantly raised in the AGA positive, EMA
negative group [SIR 1.82 (95% CI 1.39-2.26)] (Table 2).
This association was confined to males, SIR 2.90 (95% CI
2.11-3.69), and remained significant 6 and 12 mo after the
AGA test, SIR 2.16 (95% CI 1.48-2.84) and SIR 1.91 (95%
CI 1.27-2.55), respectively. Overall incidence of malignant
neoplasms occurring 6 and 12 mo after the AGA test were
significantly reduced in females SIR 0.60 (95% CI 0.27-0.92)
and SIR 0.51 (95% CI 0.19-0.83) respectively. There was
a significant inverse relationship between lung and breast
cancer and a positive AGA result; however, only breast
cancer was significantly reduced in the AGA positive EMA
negative group. The SIR was raised for both small bowel
and liver cancer but the results were not statistically significant.
Standardised mortality ratios - EMA
Overall mortality was significantly higher in the EMA positive population compared to the Northern Ireland population (Table 3). However, the statistically significant association did not remain when deaths within 6 mo or 1 year of
the EMA test were excluded from the analysis. Although
there were no other statistically significant association’s
mortality from NHL, endocrine deaths and urinary deaths
appeared increased.
Standardised mortality ratios - AGA
Overall, mortality was higher in the AGA positive and in
the AGA positive/EMA negative populations than in the
Northern Ireland population (Table 3). This association
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Table 3 Standardised mortality ratios (SMR) of all cause and cause-specific mortality
EMA +ve

n

AGA +ve

Expected

n

SMR
(95% CI)

n

AGA +ve, EMA -ve

Expected

n

SMR
(95% CI)

n

Expected

n

SMR
(95% CI)

All cause mortality

46

26.01

1.77 (1.26-2.28)

234

101.25

2.31 (2.01-2.61)

114

47.25

2.41 (1.97-2.86)

All cause mortality
(> 6 mo after diagnosis)

35

25.9

1.35 (0.90-1.80)

184

100.79

1.83 (1.56-2.09)

85

46.91

1.81 (1.43-2.20)

All cause mortality
(> 12 mo after diagnosis)

32

25.91

1.24 (0.81-1.66)

165

100.09

1.65 (1.40-1.90)

75

46.59

1.61 (1.25-1.97)

Malignant neoplasms

9

7.05

1.28 (0.44-2.11)

52

32.28

1.61 (1.17-2.05)

27

14.55

1.86 (1.16-2.56)

NHL deaths

2

0.29

6.89 (0.00-16.44)

8

1.12

7.12 (2.18-12.05)

3

0.51

5.88 (0.00-12.53)

Endocrine deaths

1

0.16

6.10 (0.00-18.07)

2

0.24

8.19 (0.00-19.53)

1

0.58

1.73 (0.00-5.14)

Nervous system

1

0.25

3.96 (0.00-11.72)

2

2.92

0.69 (0.00-1.63)

1

2.92

0.34 (0.00-1.01)

Circulatory system

9

12.11

0.74 (0.26-1.23)

42

59.95

0.70 (0.49-0.91)

22

28.65

0.77 (0.45-1.09)

Respiratory system

3

2.67

1.12 (0.00-2.40)

35

25.18

1.39 (0.93-1.85)

2

1.45

1.38 (0.00-3.29)

Digestive system disorders

2

0.58

3.42 (0.00-8.17)

19

4.12

4.61 (2.54-6.68)

10

1.90

5.26 (2.00-8.52)

remained significant even when deaths occurring within
6 mo and one year of the test were excluded. Mortality
caused by malignant neoplasms was also significantly raised
in both groups as was mortality from digestive system disorders. Mortality from NHL was significantly higher and
mortality from circulatory system disease was significantly
lower in the AGA positive group but not in the AGA positive/EMA negative group.

DISCUSSION
In this retrospective cohort study the incidence of
malignant neoplasms in patients with CD (positive
EMA test) was similar to that of the Northern Ireland
population. However, patients with gluten sensitivity
(positive AGA test) had an increased incidence of
malignant neoplasms within six months of diagnosis.
In keeping with the findings of other studies all cause
mortality was significantly raised in patients with CD;
however, this was limited to the six month period
following diagnosis. Patients with gluten sensitivity had
a significantly raised SMR; this association remained
significant more than 12 mo after diagnosis. Compared to
the general population breast and lung cancer incidence
were significantly lower in patients with gluten sensitivity.
Mortality from malignant neoplasms, NHL and digestive
system disorders was significantly increased.
The main strength of this study is its population-based
design. All patients within Northern Ireland with clinical
symptoms suspicious of CD and who also had a positive
EMA and/or AGA test during the study period (1993 to
1996) were included. Since a wide spectrum of patients
were included in the study the results should be more
generalisable to patients with gluten sensitivity than the
results of studies where CD was diagnosed in hospital or
at referral centres[9-11,16,17]. It is likely that cases diagnosed as
hospital in-patients or at referral centres have more severe
disease and therefore cancer incidence and mortality may
be higher in this group of patients than in all CD patients.
CD may go undetected in the population and without
screening it is difficult to generalise any of the results to all
patients with CD within the population.

Population-based registers of cancer incidence and
cause-specific mortality facilitated the matching process.
Incomplete matching of patients on the serological database to the NICR and/or GRO database may result in an
underestimation of the risk of malignancy and/or mortality compared to the general population. To minimize the
possibility of observer bias the staff was blinded to the
positive/negative result status of the patients during the
matching process. Cancer incidence and mortality in EMA
positive, AGA positive and AGA positive/EMA negative
patients were compared to the rates in the Northern Ireland population. Other studies have used population-based
controls[8] or population rates for comparison[7,10-12]; however, the study by Collin et al[17] used hospital outpatients
undergoing upper gastrointestinal endoscopy as controls.
These patients are likely to have been under investigation because of upper gastrointestinal symptoms and are
unlikely to be representative of the general population.
One of the proposed explanations for previous reports
of increased gastrointestinal cancer incidence in CD patients[7-9,11] is that CD was diagnosed coincidentally when
the patients were under investigation for tumour related
symptoms. Several studies have reported cancer incidence
and/or mortality rates with lag periods of between 1 and 5
years[7,10-12,16] after diagnosis of CD. We, therefore, included
SIRs and SMRs excluding patients with an event in the
6-or 12-mo period post diagnosis.
There were 3908 person years of follow-up for malignancy and 3718 person years of follow-up for mortality
in the cohort of patients with CD. Bias may have been
introduced by loss to follow-up although emigration rates
are low in Northern Ireland; data from the GRO (Northern
Ireland) estimates that less than 0.1% of the population
migrated from the province per year during the 1990s[18].
One of the potential weaknesses of this study was the
lack of histological confirmation of CD. Although it is
likely that jejunal biopsies were taken from patients with
a positive EMA test gaining access to these records without patient consent would have required further ethical
considerations. However, the sensitivity and specificity of
the EMA test are high[2] and it is, therefore, likely to give a
relatively accurate measure of the incidence of CD in the
www.wjgnet.com
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cohort. The EMA test detects antibodies to an antigen (tissue transglutaminase) present in the endomysial lining of
smooth muscle cells. The AGA test measures antibodies
to gliadin which do not remain in patients who adhere to
a strict gluten free diet. The assay will become negative if
the patient is compliant with a gluten free diet. Therefore
some patients with CD may not be detected within the
cohort. The study by Logan et al[13] showed that cancer incidence was decreased in those who were diagnosed early
and placed on a gluten-free diet. If this is the case then the
incidence of malignancy in CD patients may be lower than
reported. However, we had no way to determine whether
or not the patients included in the study adhered to a strict
gluten-free diet.
Another issue is that multiple comparisons may inflate the possibility of a Type 1 error occurring (i.e. the
apparent association resulting by chance). However, only
malignant neoplasms/causes of mortality where there had
been a previous association or where there was an a priori
hypothesis were investigated.
One issue with using these datasets and using a retrospective cohort design is that potential confounding
variables were not collected at the time the cohort was
established and therefore these could not be adjusted for
in the analyses. Potential confounding variables could include co-existing medical conditions, smoking, body mass
index, diet, age, sex, etc. For example, diabetes is associated
with CD and possibly with endocrine deaths which were
non-significantly raised and smoking which is less common in patients with CD[14] is associated with lung cancer
incidence. There was a significantly reduced risk of lung
cancer in patients with a positive AGA test and a nonsignificant reduced risk in patients with a positive EMA
test. West et al[8] was the only study to attempt to adjust for
potential confounding variables. Adjusting for BMI and
smoking did not dramatically alter the observed associations; however, the authors suggest that data on potential
confounders may be incomplete as it was obtained from
routinely collected information.
Although some AGA positive/EMA negative patients
may have CD there were a larger number that were AGA
positive than expected according to the sensitivity of the
EMA test. Therefore, some of these patients may be gluten sensitive but as yet have no damage to the endomycial
muscle. If this is the case then this is the first study to investigate the risk of malignancy and mortality in this group
of patients, who were excluded from the recent large study
by West et al[8]. Mortality was significantly increased in this
group of patients and remained elevated more than one
year after the positive AGA test. Mortality from digestive
system disorders was increased which was not surprising as
a positive AGA test may be a marker for other gastrointestinal disorders. Interestingly, it is in this group of patients
that breast cancer appears to be reduced. Other studies
have reported reduced risks of breast cancer in patients
with CD[8,11,13] although there were no significant associations between breast cancer and a positive EMA test in
this study. Although the reason(s) for this association remain unknown Askling et al[11] suggest that the reduced risk
of breast cancer may be a consequence of immune system
dysfunction.
www.wjgnet.com
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The size of the current study is smaller than the more
recently published studies e.g. the study by West et al[8] who
used the General Practice Research Database which had
4,732 CD patients. Malignancy was increased in patients
in the first year after diagnosis but not beyond one year
of follow-up. In the current study malignancy was not
increased in patients with a positive EMA test but was in
patients with a positive AGA test. Other studies have also
reported no overall increased risk of malignancy in CD
patients[7,16]. The size of the current study meant that there
was insufficient power to detect any associations between
cancer type and CD. However, the risk of NHL appeared
to be increased which is in keeping with the results of
other studies[3-5,7-12]. There was a significant increased risk
of NHL deaths in patients with a positive AGA test. This
group of patients is likely to include some patients with
CD as there were a number of patients that had no EMA
record in the database.
Malignancy and mortality were not significantly
increased in patients with CD more than one year after
diagnosis; however, overall mortality and mortality from
malignant neoplasms were increased in patients who
were gluten sensitive with a negative EMA test. If these
patients do not have the histological characteristics of
CD then it is important to determine the cause of the
increased mortality. If this is limited to other digestive
system disorders then patients with a negative EMA test
but with symptoms should be further investigated for
other digestive system disorders. Further investigations
into this area are warranted to determine if it is gluten
sensitivity that is associated with increased mortality and
malignancy or to determine if it is just a marker for other
gastrointestinal conditions.
In addition, it is important to determine the risk of
malignancy and mortality in patients with a histological
confir mation of CD. This study could be extended
further by collecting pathology reports on all patients
within the study and looking for evidence of villous
atrophy. Information on confounding variables such as
smoking status could also be collected. However, it is
unlikely that patients could be approached because of data
confidentiality issues. It is possible that cancer incidence
and mortality change depending on the length of time
since diagnosis. Therefore, an extension to this study
would be to follow-up the patients for a longer period of
time. The association with reduced breast cancer incidence
is interesting and further studies to investigate this
association may identify factors that are associated with
reduced breast cancer incidence.
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Abstract
AIM: To examine the changes in the histomorphology
of the gastric, jejunal and colonic wall of dogs due to
physiological aging.
METHODS: Full thickness biopsies were taken from
the gastrointestinal tracts of 28 dogs of different ages.
The thickness of the different layers of the wall was
measured and the numbers of proliferating cells as
indicated by immunohistochemical detection of Ki67
were counted.
RESULTS: In the three excision sites, the thickness of
all subepithelial layers increased with rising age. The
strongest correlation between age and thickness of the
intestinal wall was found in the first 10 years of life and
in the jejunum (r = 0.6-0.71 for the deep lamina propria
mucosa, the muscularis mucosa, and the circular layer of
the tunica muscularis). The number of proliferating cells
decreased during aging, with the strongest correlation
in the lamina propria mucosa and lamina muscularis
mucosa of the jejunum and in the colonic submucosa (r
= -0.61 to -0.71). Epithelial proliferation was only weakly
correlated to the age.
CONCLUSION: The morphology of the deeper layers
and the proliferation of mesenchymal cells of the
intestinal wall of healthy dogs are correlated with age.
Gastrointestinal epithelial proliferation is only weakly
age-correlated.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Canine models are well known in the development of
gastrointestinal drugs. On the other hand, an increasing
number of biopsy samples are taken from the intestines of
pet dogs with gastrointestinal symptoms and delivered to
pathological diagnostic institutions for evaluation. Lesions,
usually found in those specimens, however, are in most
cases quantitative aberrations of normal morphology and
cellular distribution rather than of a distinct qualitative
kind. So a correct diagnosis is largely dependent on
the experience of the examiner and the differentiation
between physiological and pathological influences on
the morphology. Data on the histological changes in the
intestinal morphology in dependence on physiological
processes, however, are very sparse. Suckling puppies
exhibit rapid changes in the mucosal morphology that
reach a comparatively stable state by the 42nd d of life[1].
In old dogs, Lafora body-like polyglucosan bodies have
been described in the smooth musculature[2] and amyloid
in the vessel walls of the large and small intestine without
functional or neurological abnormalities[3]. Because of the
usage of endoscopic biopsies, however, most examinations
are limited to the mucosa[4]. The aim of this study was
to characterize morphological alterations during the
physiological course of aging including the different layers
of the intestinal and gastric wall of dogs.

MATERIALS AND METHODS
Subjects
Tissue samples were obtained from 28 dogs of different
age and breed (Table 1), which were patients of the Small
Animal Clinic and were euthanatized for diseases unrelated
to the gastrointestinal tract. Under general anesthesia, full
thickness biopsies of the gastric, jejunal and colonic wall
were surgically excised and immediately fixed in 100 mL/L

Baum B et al . Age-related histological changes in canine GI tract

Table 1 Distribution of age, gender and breed
Age (yr)

Gender

Breed

0.25

M

Collie

0.5

M

Boxer

0.75

F

Rottweiler

0.75

M

West Highland White Terrier

2

F

Newfoundland

3

M

American Canadian White Shepard

3

M

Doberman-Pinscher

5

M

Fox Terrier

5

M

Mongrel

6

M

Pommeranian

6

F

German Shepherd Dog

7

M

Bernese Mountain Dog

7

F

Schnauzer

7

F

Caucasian Shepherd

7

F

Rottweiler

8

M

Mongrel

8

M

German Shorthaired Pointer

8.5

F

Mongrel

9

F

Mongrel

10

M

Mongrel

12

F

English Setter

12

M

Mongrel

12

M

Gordon Setter

13

F

Hovawart

13

F

Mongrel

14

F

Mongrel

14

F

Rottweiler

17

F

Mongrel

153

Table 2 Absolute values in the stomach
Age Depth of Glandular Chief Fibre Muscularis Submucosa Tunica
(yr) foveolae length
cells layers
mucosa
(mm) muscularis
(mm)
(mm)
(%)
(n )
(mm)
(mm)
0.5

210

952

40

6

89.8

60

2076

0.75

226

1073

40

3

99.3

1157

2341

0.75

146

1076

60

4

146.8

365

1746

2

152

1249

70

6

133.0

866

2526

3

155

795

50

11

96.8

3

228

1052

0

4

212.5

341

1600

5

169

942

70

4

142.3

867

2221

5

198

1013

60

5

96.5

972

1652

7

139

1012

40

3

140.0

869

3140

8

204

927

70

2

192.8

524

1488

8

141

774

30

7

136.8

653

2684

8

219

1074

30

4

154.8

169

968

9

167

986

60

4

249.0

551

2974

10

220

1146

40

6

122.8

1075

2337

12

245

1017

50

9

178.8

3501

2875

12

166

1165

40

5

112.8

12

230

1059

70

6

121.3

1102

2191

14

189

795

20

12

154.5

1250

1205

17

294

815

20

6

120.5

694

2038

neutral formalin. After fixation, the samples were routinely
embedded in paraffin, cut, and stained with hematoxylin
and eosin.

and at the crypt mouth, respectively), crypt depth (length
from the crypt mouth to the crypt base following the crypt
lumen), thickness of the stratum compactum (distance
between crypt base and lamina muscularis mucosa), lamina
muscularis mucosa, submucosa, circular and longitudinal
layer of the tunica muscularis mucosae (Table 3); in the
colon, crypt depth, thickness of the lamina muscularis
mucosa, submucosa, circular and longitudinal layer of the
tunica muscularis mucosa (Table 4). All measurements
were performed at four points of a well oriented section,
which were equally distributed over its total length.

Evaluation of slides
All measurements were performed in a blind fashion,
i.e., without knowledge of the animals’ age. Distances
and structural measurements were performed using a
computer sustained manual system (ASM 68k), in which a
line was projected into the microscopic ocular, that could
be manually adjusted to the outlines of the respective
structure to be determined. The resulting length of the
line was calculated by the supporting computer system.
The following parameters were determined: in the
stomach, depth of foveolae (epithelial length from the
surface to the isthmus), length of whole gastric glands
(epithelial length from the surface to the base of the gland),
estimated percentage of chief cells and parietal cells in the
pars principalis, number of fiber layers between the gland
base and the lamina muscularis mucosa, thickness of the
lamina muscularis mucosa, submucosa, and, because of the
inconsistent orientation and borders of the single muscle
layers in the stomach, of the tunica muscularis as a whole
(Table 2); in the jejunum, villus length (length from the tip
following the central lymphatic vessel to the crypt mouth),
villus mid and base width (shortest distance from epithelial
surface to epithelial surface in the middle of the villus

Immunohistochemical assay
In the jejunum and colon, where the most obvious
changes in the thickness of wall layers were found,
immunohistochemical detection of Ki67 was
carried out to determine the proliferative index. The
immunohistochemical reaction was performed as follows:
Paraffin-embedded sections were dewaxed and treated
with 50 mL/L H 2O 2 in ethanol for 30 min to inhibit
endogenous peroxidase, followed by rinsing three times
in phosphate-buffered saline (PBS). Antigen-retrieval
was achieved by microwave treatment (20 min, 0.01
mol/L citrate buffer, pH 6). After demasking, the slides
were incubated overnight with the first antibody (MIB-1,
DAKOCytomation, Glostrup, Denmark) diluted 1:100
in PBS with 10 g/L bovine serum albumin. Binding of
primary antibody was detected with a biotinylated second
antibody (goat anti-mouse, diluted 1:200 in PBS) and the
ABC-reagent (both Vector Laboratories, Burlingame,
USA) according to the manufacturer’s instructions using
diaminobenzidine as chromogen. Finally, the slides were
counterstained with hematoxylin. Negative control was
performed with an identical procedure without the first
antibody in the PBS/serum incubation step. An internal

M: Male; F: Female.
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Table 3 Absolute values in the jejunum (mm)

Table 4 Absolute values in the colon (mm)

Age Villus Crypt Stratum Muscularis Submucosa Circular Longitudinal
(yr) length depth compactum mucosa
tunica tunica
muscularis muscularis

Age
(yr)

0.25 572

448

17

58

92

443

254

0.5

622

354

30.75

52

327

573

387

0.75 981

1051

24.25

82

273

729

478

0.75 570

269

35

56

193

519

304

2

536

435

39.75

88

161

542

182

5

894

412

67.25

67

229

764

368

5

882

303

37.75

62

183

658

338

6

867

406

62.75

68

217

585

249

7

589

623

45

73

176

602

346

7

906

466

32.25

99

228

766

454

7

630

381

56.25

106

292

639

418

8

596

333

87.25

162

232

802

285

12

647

314

108.25

150

294

1152

446

12

653

426

46.75

59

161

579

334

13

703

506

73

112

364

1047

217

13

709

344

53.4

146

339

672

290

14

726

475

89

267

793

370

14

700

514

104.2

136

233

971

535

17

695

403

40.5

75

309

693

304

44.75

positive control for the proliferation marker was present
in all sections in the epithelial renewal zone of crypts and
gastric pits.
Evaluation of Ki67-positive cells
In the jejunum and colon, the number of Ki67-positive
cells (i.e. proliferating cells) was examined for the epithelia.
Myocytes, myofibrocytes and fibrocytes could not be
properly differentiated by morphological means in the
immunohistochemically stained slides. For this reason,
the number of proliferating cells per area comprises all
cells of the lamina propria mucosa, lamina muscularis
mucosa, submucosa, circular and longitudinal layer of the
tunica muscularis, except round cells, especially leucocytes.
All epithelial cells of approximately the lower 40% of
the crypts stained positive for Ki67. Hence, comparison
was made between the relative and absolute length of
this compartment of the crypts. For the other layers, the
absolute numbers of positive cells were counted in one
whole section and set in relation to the total area of this
layer in the respective section (Tables 5 and 6).
Statistical analysis
Values were checked for normal distribution. r is the
Pearson product moment correlation coefficient as
calculated by OpenOffice.org Calc.

RESULTS
General considerations
In the examined sections, no qualitative changes, such as
scars or amyloid deposits, were found irrespective of the
age of the dogs.
Stomach: In the fundic mucosa, only minor changes
www.wjgnet.com

Number 1

Crypt
length

Muscularis
mucosa

Submucosa

Circular
tunica
muscularis

Longitudinal
tunica
muscularis

0.25

520

41.3

122

387

1235

0.5

530

40.3

165

454

707

0.75

488

60.0

203

338

537

0.75

515

52.8

133

540

530

2

515

56.3

362

541

562

5

609

54.0

388

557

968

5

577

82.3

349

792

682

6

533

48.3

531

728

701

6

363

51.0

375

449

855

7

716

77.7

299

617

1307

7

443

63.0

165

534

586

7

404

38.1

146

519

553

8.5

343

73.0

162

812

787

10

567

44.5

223

734

1034

12

485

40.5

462

510

568

12

460

59.5

372

641

810

13

399

45.5

191

776

1780

13

612

72.5

201

810

981

14

481

37.8

1397

784

575

17

607

48

315

607

359

could be noted with increasing age. A tendency towards
a relatively increased depth of foveolae could be noted
and the lamina muscularis mucosa became thicker (Table
7). The relationship between age and lamina muscularis
mucosa thickness was highest in dogs younger than 10
years (n = 14).
Jejunum: The mean thickness of all layers of the jejunum
increased in size during aging (data not shown). The most
significant changes were detected in the deeper layers of
the intestinal wall during the first 10 years of life (n = 12),
most obviously in the deepest part of the mucosal lamina
propria in the jejunum. The distance between the crypt
base and the lamina muscularis mucosa showed a strong
correlation with the age of the examined dogs (Table 8).
While villus length and crypt depth did not show any clear
relationship with the age, the whole mucosal thickness
increased with aging, mainly in the first 10 years of life.
In the lamina muscularis mucosa, submucosa and circular
layer of the tunica muscularis, the thickness also increased
with age. In addition, in the lamina muscularis mucosa
and circular layer, these changes displayed a stronger
relationship in dogs less than 10 years. The longitudinal
layer of the tunica muscularis did not show age-related
changes.
Colon: The circular layer of the tunica muscularis
displayed an age-related increase (Table 9). In contrast
to the findings in the jejunum, only weak correlations
between age and the thickness of the other mucosal or
submucosal layers could be found.
Immunohistochemistry
Jejunum: In all layers of the intestinal wall, the numbers
of proliferating cells were highest in young dogs,
particularly those less than 3 years (data not shown). A
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Table 5 Proliferation in the jejunum

Age (yr)

Proliferative length epithelium
Proliferating cells (n )
Absolute
Relative
Villous lamina Intercrypt lamina propria Lamina propria Muscularis mucosa
(mm)
(%)
propria (/villus) (/intercrypt space)
below crypts
(/mm length)

Submucosa
(/mm length)

Tunica muscularis
(/mm length)

0.25

296.4

69.3

4.57

0.77

22.62

8.25

6.25

1.28

0.5

179.2

75.2

25.21

2.16

35.50

10.50

1.34

0.37

0.75

278.4

61.5

3.79

1.22

14.39

5.19

2.99

0.58

0.75

1006.4

77.0

1.23

0.43

31.07

0.00

0.00

0.06

2

151.2

47.6

1.11

0.29

2.89

0.00

0.00

0.00

5

277.6

70.3

7.48

1.16

5.56

4.17

1.64

0.33

5

314.4

73.1

9.53

0.68

17.84

1.66

1.14

0.21

6

243.8

76.8

3.24

0.00

1.06

0.98

0.00

0.24

7

378.6

71.6

2.25

0.24

8.82

0.96

0.00

0.00

7

388.0

73.2

1.61

0.47

4.66

1.49

0.18

0.00

7

412.4

70.3

7.81

0.00

4.04

0.00

1.04

0.20

8

219.6

57.7

2.89

0.00

2.86

0.39

0.00

0.00

12

139.0

60.8

4.43

0.31

13.20

0.00

0.00

0.00

12

358.0

77.6

6.78

1.33

15.14

0.00

1.65

0.20

13

231.6

77.4

16.18

1.03

19.14

0.91

0.26

0.93

13

291.4

66.8

1.38

0.00

0.00

0.00

0.00

0.00

14

335.2

73.0

2.42

0.29

1.67

0.64

1.12

0.31

14

369.4

77.1

15.55

0.75

15.04

2.70

0.18

0.09

17

248.0

65.8

0.81

0.23

2.65

0.00

0.00

0.00

Table 6 Proliferation in the colon

Age (yr)

Proliferative length epithelium
Absolute
Relative
Intercrypt lamina propria Lamina propria
(mm)
(%)
(/intercrypt space)
below crypts

Proliferating cells (n )
Muscularis mucosa
(/mm length)

Submucosa
(/mm length)

Tunica muscularis
(/mm length)

0.25

147.4

28.8

2.117

1.59

32.07

5.21

1.33

0.5

179.0

32.2

0.943

1.67

9.20

2.63

0.12

0.75

90.2

20.3

0.388

0.36

0.98

0.78

0.04

0.75

217.8

39.4

2.048

0.79

1.64

1.21

0.09

2

129.8

27.8

0.194

0.28

0.00

0.39

0.00

5

192.0

32.9

2.251

0.89

3.02

1.14

0.17

5

219.5

36.9

0.657

0.71

2.63

0.37

0.11

6

189.2

56.4

0.276

0.11

1.05

0.43

0.59

6

194.4

37.4

0.563

0.33

1.35

0.62

0.10

7

118.4

29.8

0.248

0.00

0.00

0.40

0.00

7

158.0

31.8

0.226

0.18

0.00

1.12

0.05

7

215.8

33.3

0.838

0.63

2.01

0.52

0.00

8.5

150.0

37.1

0.583

0.24

1.12

0.00

0.05

10

132.8

26.1

1.059

1.60

3.18

0.21

0.04

12

151.8

32.8

1.031

1.49

6.13

0.27

0.16

12

173.4

33.9

0.6519

0.55

1.84

0.29

0.00

13

132.8

26.1

0.000

0.33

1.79

0.85

0.20

13

163.6

25.5

0.817

0.29

0.66

0.24

0.02

14

138.2

30.9

0.831

0.37

3.27

0.00

0.00

17

234.0

39.4

0.329

0.40

0.00

0.18

0.00

marked correlation between age and number of Ki67positive cells could be found in dogs younger than 10
years (n = 12) for the lamina propria between crypts and
between lamina muscularis mucosa and crypt base, for the
lamina muscularis mucosa, for the submucosa and for the
tunica muscularis (Table 9). Including the older dogs (>
10 years), correlation between age and thickness of the
lamina muscularis mucosa remained strong. In contrast

to the mesenchymal tissues, no clear correlation could be
detected between age and epithelial proliferation.
Colon: As in the jejunum, the number of proliferating
cells decreased with age. The strongest correlations were
found, again, until the age of 10 (n = 13). In particular,
the thickness of the lamina propria between crypt base
and lamina muscularis mucosa, of the lamina muscularis
mucosa and of the submucosa revealed a strong agewww.wjgnet.com
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Table 9 Strength of correlation between age and diameter of
different layers in the colonic wall of dogs

All ages

< 10 yr

All ages

< 10 yr

Absolute foveolar depth

0.44

0.05

Crypt depth

0.01

-0.21

Relative foveolar depth

0.54

0.11

Lamina muscularis mucosa

-0.05

0.42

Lamina muscularis mucosa

0.17

0.58

Submucosa

0.38

0.27

Submucosa

0.35

0.17

Circular muscle layer

0.61

0.63

Tunica muscularis

-0.04

0.01

Longitudinal muscle layer

0.2

0.17

Table 8 Strength of correlation between age and diameter of
different layers in the jejunal wall of dogs
All ages

< 10 yr

Villus length

-0.01

0.17

Crypt depth

-0.15

-0.2

Whole mucosa

0.5

0.1

Lamina propria

0.54

0.72

Lamina muscularis mucosa

0.51

0.61

Submucosa

0.46

0.13

Circular muscle layer

0.59

0.6

Longitudinal muscle layer

0.12

0.12

dependency in the number of proliferating cells (Table
10). In the submucosa, the correlation remained strong
throughout the lifetime. The tunica muscularis and lamina
propria between crypts showed only moderately agerelated proliferation (r = -0.34 and -0.43, respectively).

DISCUSSION
The layers of the gastrointestinal wall beneath the mucosa
comprise the major part of intestinal tissue. However, apart
from pathological conditions, these tissues are thought to
remain unchanged throughout lifetime. This study revealed
that in dogs without gastrointestinal diseases, a continuous
thickening of the deeper intestinal layers occurs, mainly
during the first 10 years of life. In dogs, this period is
regarded as young to middle-aged. Hence senile change in
nutritional behavior and metabolism is unlikely to be the
primary driving force in this development.
The strongest correlation between age and morphology
could be detected in the jejunal lamina propria mucosa
between crypt base and lamina muscularis mucosa. In
textbooks of veterinary histology, this site is often referred
to as stratum compactum[5], when it is easily discernable
from the overlying lamina propria, as in the proximal small
intestine. In the examined sections, no morphologically
distinct stratum compactum could be detected, even
in those dogs that presented with a very large distance
between the crypt base and the lamina muscularis mucosa.
This might be due to the more distally located excision
site. This layer is thought to prevent perforation of the
intestinal wall by food containing bones[4]. Similarly, the
observed proliferation of this zone during lifetime in this
study might have been stimulated by mucosal distension
and alteration by sharp bone fragments. However, detailed
anamnestic data about the diet fed to these dogs during
www.wjgnet.com

Table 10 Strength of correlation between age and number of
proliferating cells in the different wall layers of the jejunum and
colon
Jejunum
All ages < 10 yr

Colon
All ages < 10 yr

Absolute length of
proliferating epithelium

-0.21

-0.16

0.07

0.17

Relative length of
proliferating epithelium

0.15

0.07

0.02

0.37

Lamina propria of villi

-0.07

-0.28

Lamina propria between crypts

-0.32

-0.62

-0.36

-0.43

Lamina propria below crypts

-0.46

-0.74

-0.24

-0.65

Lamina muscularis mucosa

-0.56

-0.61

-0.36

-0.5

Submucosa

-0.45

-0.54

-0.57

-0.61

Tunica muscularis

-0.29

-0.56

-0.36

-0.34

their whole lifetime were not available.
Obser vations of alterations in the size of the
lamina muscularis mucosa are restricted to experimental
conditions, e.g. an increase in thickness after partial
jejunectomy [6] in rats. The obser ved increase in the
thickness of the muscular layer during lifetime is paralleled
by obser vations in the jejuna of rats [7,8] . A possible
explanation might be an increased workload for the
musculature caused by a decrease in neuronal coordination
as a result of the neuronal cell loss during aging, which has
been described in humans[9] and rats[10]. If the increased
muscular thickness is the result of a hypertrophy of muscle
fibers or of the proliferation of connective tissue between
fibers needs further, preferentially electron microscopic
investigations.
In rats, epithelial cell proliferation increased in the
first postnatal week and decreased or remained unaltered
in the following months [7,11,12]. Differentiation of the
brush border enzymes follows a similar course with a
maximal development in young adulthood[13]. Examination
of the mechanisms involved pointed to involvement
of proliferation, apoptosis and crypt fission in the
development of the intestinal mucosal epithelium[14,15], but
delivered contradictory results in particular with regard
to alteration of the apoptotic rate in aging rats [14,16-18].
In contrast to these findings, the epithelial proliferation
in the canine tissues in this study and a study of the
jejunal mucosal morphology in dogs of different weights
and ages [19] remained stable throughout lifetime. This
observation was also made in mice[20]. The discrepancy
in the proliferative rate might be explained by different
methods applied. While bromodeoxyuridine[16] and Ki-67

Baum B et al . Age-related histological changes in canine GI tract

(this investigation) cover a small time span of the cycling
process, proliferating cell nuclear antigen is expressed
during a long period exceeding mitosis. The increased
number of proliferative cells in aging rats found in the
study using the latter method [18] might indicate rather
decreased degradation of the detected enzyme than
increased number of cycling cells. The deeper layers of
the present study, however, contained a decreasing number
of proliferating cells with rising age. This reduced speed
of cellular turn-over might lead to a lower adaptability
towards a changed digestibility of diet and a slower healing
after damage in older dogs.
In conclusion, all layers of the canine jejunal and
colonic wall, except for the epithelial monolayer, increase in
thickness during aging, while the number of proliferating
cells decreases. The underlying mechanisms and possible
functional consequences need further investigation.
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Dear Professor Lian-Sheng Ma,
Professor Michael Hobsley and I have greatly enjoyed

reading the account of all you have done towards the
development of “The World Journal of Gastroenterology”, as
described in the article by Zhen-Xi Li in the November
21st. issue of the Journal. It is an amazing achievement!
Yours is the only international gastroenterological journal
to come out weekly! The standard of the articles is
extremely high and the Journal is equal in size to “Gut”
(Leaderette: 2005 Impact Factor-Gastroenterology &
Hepatology list:1 GASTROENTEROLOGY 12.386;
2 HEPATOLOGY 9.792; GUT 7.692), which comes
out only monthly. You have achieved all this in a matter
of only 10 years-truly a wonderful achievement. We do
congratulate you.
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President Lian-Sheng Ma, Editor-in-Chief of World Journal
of Gastroenterology (WJG), met with Dr. Parimal Chowdhury,
from the University of Arkansas for Medical Sciences,
member of WJG Editorial Board, and his wife in Beijing
on November 29, 2006. The two sides held cordial and
friendly talks.
President Ma extended his warm welcome to Mrs.
Chowdhury. He firstly introduced to the guests the
development of the journal. Currently, the editorial board
of the WJG consists of 903 members from 52 countries,
there are 5 science editors, 27 language editors located
in 16 countries, 22 copy editors from 8 countries and 5
electronic editors. Totally 1223 articles were published
in WJG from issue No.1 to issue No.42 in 2006, with
authors distributed in 58 countries and regions, articles
coming from outside China accounted for 77.35%, and
the rejection rate was 46.44%. WJG is the only weekly
journal in the fields of gastroenterology and liver diseases
among SCI journals in the world. WJG was hit 13 090 137
times and downloaded 1313719 times online from April
15th, 2003 to November 1st, 2006. WJG was cited 2595
times in 2005 by 765 SCI journals, including 412 (15.87%)
self-citations. WJG is an international academic journal
of its kind published in English in China. Based on rapid
development of basic research both in basic and clinical
gastroenterology as well as growth of international
exchange in science and technology, WJG converted to a
weekly journal from 2005. PubMed and WJG electronic
version of the text became available beginning from 1998
(ASP, PDF), and readers have free access to read the full
texts of WJG. In this point, authors can make a timely and
broad dissemination of their work to the world, and this
has greatly expanded the international influence of the
journal and attracted more high-quality manuscripts from

Parimal Chowdhury (middle of front seat), Professor of University of Arkansas for
Medical Sciences, and his wife (left of front seat) met with Lian-Sheng Ma (right of
front seat), President of WJG, in Beijing, China, on November 29, 2006. The other
in turn (from right of rear seat) are Jing Wang, Ye Liu, Yan Jiang, Jing-Yun Ma,
Gai-Ping Wang, who are editors of WJG. (WJG Photo).

different parts of the world.
Dr. Chowdhury was grateful for the hospitality given by
President Ma and his staff and expressed his appreciation
for the achievements and development of WJG. He
mentioned that WJG is an open journal wide-ranging in
contents and timely publication. Furthermore, it has the
potential capacity of competing with similar international
journals. Dr. Chowdhury also mentioned that Dr. Mark
Donowitz, President of the American Gastroenterological
Association (AGA), visited Hong Kong recently, is also
very concerned about the development of WJG. He had
a great admiration for the rich content, high quality of
editing and printing and fast publishing frequency of WJG.
It was his pleasure to work with WJG, said Dr. Chowdhury,
adding that as one of the editorial board members of
WJG, he will continue to contribute to WJG development.
Finally, President Ma expressed his gratitude to Dr.
Chowdhury for his support and for his comments on WJG,
for writing reviews, and organizing a series of articles as
topic highlights in the past. Ma also expressed that WJG
will continue to follow international standards and improve
the academic quality in all aspects including peer review,
copy editing, printing, etc. WJG will target to be the most
outstanding international journals with respect to academic
level be quality of editing from a scientific perspective
and to be one of the top academic international journals
in the next 3 to 5 years with the strong support of our
country, the authors, readers, all editorial members and the
international community.
E- Editor Ma WH
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Abstract
Endoscopic ultrasound (EUS) has emerged as a valuable
tool in the evaluation of benign and malignant pancreatic
diseases. The ability to obtain high quality images and
perform fine-needle aspiration (FNA) has led EUS to
become the diagnostic test of choice when evaluating
the pancreas. This article will review the role of EUS in
benign pancreatic diseases.
© 2007 The WJG Press. All rights reserved.

Key words: Endosonography; Chronic pancreatitis;
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INTRODUCTION
Endoscopic ultrasound (EUS) was developed in part to
better evaluate the pancreas. As the ultrasound probe lies
in close proximity of the pancreas, high quality images can
be obtained and FNA can be performed under ultrasound
guidance. EUS is considered safer and less invasive than
endoscopic retrograde pancreatography (ERP). Thus, EUS
is an important diagnostic test when evaluating the pancreas,
especially in the setting of benign pancreatic diseases.

CHRONIC PANCREATITIS
EUS appearance
The diagnosis of chronic pancreatitis via EUS is based
on parenchymal and ductal criteria on examination of the
pancreas. The presence of 5 or more criteria is generally
considered highly suggestive or diagnostic of chronic

pancreatitis and the presence of 2 or less criteria generally
rules out the diagnosis of chronic pancreatitis.
To make the EUS diagnosis of chronic pancreatitis, one
must understand the “normal” sonographic features of
the pancreas. Several features were initially established by
standard transabdominal ultrasound examinations of the
pancreas. A “normal pancreas” was determined through
studies such as that of Ikeda et al[1] who reported features
of the pancreas in a large screening program in Japan.
The pancreatic parenchyma in the absence of disease
should appear homogeneous and have a “salt and pepper”
appearance (Figure 1). The pancreatic duct should be seen
as a smooth tubular structure coursing through the center
of the pancreas. Side branches should not be visible.
The features of chronic pancreatitis can be divided into
those that pertain to the parenchyma and the duct. These
have been previously described by Lees[2,3] and Wiersema[4].
The parenchymal features include: hyperechogenic foci,
hyperechogenic strands, lobulation, cysts, and calcifications;
the ductal features include: main duct dilation, main duct
irregularity, hyperechogenic main duct margins, and visible
side branch ducts (Table 1).
Hyperechogenic foci and strands are bright echoes
or string-like structures that may correlate histologically
with thickened fibrous deposits[5]. These findings can be
seen in patients with a normal pancreas, especially in older
individuals. When hyperechogenic strands form a distinct
“lobule”, this is called lobulation (Figure 2). The pancreas
thus appears inhomogeneous. This feature is more
strongly associated with chronic pancreatitis as compared
to hyperechogenic foci and strands alone. Calcifications of
the pancreas are seen as hyperechoic or bright areas with
acoustic shadowing. This feature is almost pathognomonic
of chronic pancreatitis. Cysts are anechoic round or oval
structures. Pancreatic cysts will be discussed further in the
later sections of this article.
The size of a normal pancreatic duct is considered to
be less than 3 mm in the head, 2 mm in the body and 1
mm in the tail of the pancreas. A larger duct is considered
to be abnormal except in older patients when found as
an isolated finding. An irregular duct correlates with focal
dilation and narrowing of the main pancreatic duct. If
a side branch is visible, this is considered a feature of
chronic pancreatitis.
T h e t h r e s h o l d f o r E U S d i a g n o s i s o f ch r o n i c
pancreatitis can be varied. A lower threshold such as
greater than 3 criteria will produce a high sensitivity, but a
low specificity. By contrast, using a higher threshold such
as greater than 5 criteria will produce a low sensitivity and
a high specificity. Thus, if the purpose of the examination
www.wjgnet.com

166

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

January 14, 2007

Volume 13

Number 2

167/17
32

Figure 1 Normal pancreas.

Figure 2 Lobular pancreas.

Table 1 Features of chronic pancreatitis
EUS criteria

Appearance

Histological correlate

Hyperechoic foci
Hyperechoic strands
Lobularity

Small distinct focus of bright echo
Small string like bright echo
Rounded homogenous areas separated by
hyperechoic strands
Abnormal anechoic round or oval structure
Hyperechoic lesion with acoustic shadowing
> 3 mm in head, > 2 mm in body, > 1 mm in tail
Small anechoic structure outside the main
pancreatic duct
Coarse uneven outline of the duct
Hyperechoic margins of the main pancreatic duct

Focal fibrosis
Bridging fibrosis
Fibrosis, glandular atrophy

Cyst
Calcification
Ductal dilation
Side branch dilation
Duct irregularity
Hyperechoic duct margins

is to exclude disease, a low threshold should be used.
However, if the purpose is to establish the diagnosis
chronic pancreatitis, a higher threshold should be used.
Another important fact is that not all factors are equal
when diagnosing chronic pancreatitis. The features of
lobulation and calcification are suggestive of chronic
pancreatitis even in the absence of other criteria. As
mentioned earlier, some features such as a dilated duct
can be a “normal” finding in older individuals[1]. Currently,
there is no accepted scoring system to take these factors
into consideration.
Re c e n t e x p e r i m e n t a l e v i d e n c e s u g g e s t s t h e
complementary role of increased levels of an inflammatory
mediator such as the interleukin 8 (IL-8) in pancreatic juice
and EUS to diagnose chronic pancreatitis[6]. In this study,
the specificity of the combination of tests (both increased
pancreatic juice levels of IL-8 and abnormal EUS) reached
100%. Until these data are confirmed in larger studies,
clinical judgment must be used to make a diagnosis of
chronic pancreatitis.
The lack of a gold standard for diagnosis other than
histology has pressed some investigators to explore the
role of EUS-FNA in chronic pancreatitis. Hollerbach et
al[7] performed EUS-FNA in 27 patients with different
degrees of severity (as measured by ERP criteria). EUS
was 97% sensitive but only 60% specific for the diagnosis
of chronic pancreatitis. The only advantage of EUSFNA in this study was represented by an increased
negative predictive value. Few patients developed selflimited abdominal pain after the procedure, but no major
www.wjgnet.com

Cysts, pseudocyst
Parenchymal calcification
Duct dilation
Side branch dilation
Focal dilation, narrowing
Periductal fibrosis

complications were observed.
More recently, DeWitt et al[8] published their experience
with EUS-FNA using the trucut needle which provides a
core biopsy of the pancreas for histology. The results were
compared with EUS and ERP. The authors observed poor
agreement between EUS and EUS with trucut biopsy and
only fair agreement between ERP and EUS with trucut
biopsy. Therefore, the results of these studies induce
caution when considering EUS-FNA (including the trucut
needle) to diagnose chronic pancreatitis.
Conversely, EUS with tr ucut biopsy may have a
significant role when considering the diagnosis of
autoimmune chronic pancreatitis. Though the most
characteristic endosonographic finding of this condition
is diffuse pancreatic parenchyma enlargement (so-called
sausage shape), there may be overlap with the nonautoimmune form of the disease or with cases of a
pseudotumorous pancreatitis. Levy et al[9] reported their
experience on 19 patients with autoimmune pancreatitis.
In 10 patients who had EUS-FNA, the material retrieved
was not adequate for the cytopathologist to make the
diagnosis. However, the combination of the trucut needle
and the immunohistochemistry staining for IgG 4 allowed
the Authors to reach the correct final diagnosis of chronic
autoimmune pancreatitis in virtually all patients. The
authors concluded that though the EUS with trucut helps
to make the diagnosis of autoimmune pancreatitis, this
condition has still a low prevalence and a high suspicion
of the disease with appropriate clinical presentation is
necessary.

Noh KW et al . EUS for Non-Malignant Pancreatic Disease

PANCREATIC CYSTS
EUS appearance
Improved imaging techniques and more frequent
imaging of the abdomen has led to increased discovery
of pancreatic cysts. These cysts pose a diagnostic and
therapeutic challenge as the pathology ranges from benign
pseudocysts to malignant cystic neoplasms. EUS plays
an important role in the diagnosis and management of
pancreatic cysts as allows for high quality images and the
ability to perform fine needle aspiration.
Pseudocysts account for approximately 90% of
pancreatic cystic lesions. Serous cystadenomas (SCA),
mucinous cystadenomas (MCA) and intraductal papillary
mucinous neoplasms (IPMN) account for the majority of
the remaining 10% of cysts. Pseudocysts and SCA have
little or no malignant potential as opposed to MCA and
IPMN which are potentially malignant or malignant. Thus,
it is important to identify mucinous cystic lesions.
Pseudocysts are inflammatory fluid collections that
arise in the setting of acute or chronic pancreatitis. These
cysts are anechoic, thick walled structures. Septations
are rare and regional inflammatory lymph nodes may be
seen. Aspiration of cyst fluid will reveal dark, thin fluid
containing inflammatory cells and high levels of amylase.
SCA are benign cystic lesions of the pancreas[10] with
the exception of a few case reports [11-13]. They have a
female predilection and are most commonly discovered
in the 7th decade of life[10,14,15]. These cysts are generally
microcystic, but solid and macrocystic variants have been
described [16-19]. This leads to a honeycomb appearance
in cross-section. Central or “sunburst” calcification is
considered pathognomonic, but is found in less than 20%
of cases[15,20]. Cytology obtained from EUS guided FNA
of these cysts is often non-diagnostic[21]. However, when
an adequate sample is obtained, this will reveal cuboidal
cells without the presence of mucin.
MCA are generally macrocystic, composed of a small
number of discrete compartments greater than 2 cm in
size[15]. The septations are thick, irregular and occasionally
a peripheral area of calcification is present [22]. It has a
female predilection, mostly present in the body-tail region
of the pancreas and occur most commonly in the 5th to
7th decade of life[15,20,23]. The presence of mural nodules is
suggestive of invasive carcinoma. The cyst fluid of MCA
is viscous and clear. Cytology will reveal mucin rich fluid
with columnar mucinous cells[15].
The EUS appearance of IPMN includes segmental or
diffuse dilation of the main pancreatic duct or multiple
pancreatic cysts that arise from the branch ducts of the
main pancreatic duct. There is an equal or slightly higher
incidence of IPMNs among males than in females. The
peak incidence is in the 6 th and 7 th decade of life [15,24].
Like MCA, the cyst fluid is viscous, clear and will contain
mucinous epithelial cells[15].
Cyst fluid analysis
Cyst fluid analysis of tumor markers has been studied to
differentiate among benign and pre-malignant pancreatic
cysts. In the Cooperative Pancreatic Cyst Study, the authors
compared the findings of pancreatic cyst fluid of one
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hundred twelve patients obtained via EUS-FNA to surgical
histology. EUS morphology, fluid cytology and cystic fluid
tumor markers were evaluated. The results demonstrated
that cyst fluid CEA levels (optimal cut-off 192 ng/mL)
provided the greatest accuracy in differentiating mucinous
versus non-mucinous pancreatic cysts. In addition, the
accuracy of cyst fluid CEA was higher than that of EUS
morphology, cyst fluid cytology or any combination of
tests[25]. However, cyst fluid tumor marker values alone
cannot definitively discriminate between mucinous and
non-mucinous pancreatic cysts as there is overlap of CEA
levels in these cysts[25,26].
New techniques
Tr ucut biopsy of the pancreatic cyst wall has been
investigated as a possible method of diagnosing pancreatic
cysts. Levy et al[27] performed EUS guided trucut biopsies
(EUS-TCB) in ten patients. In seven patients, a diagnosis
was established and no complications were reported.
Although promising, EUS-TCB can be difficult to perform
in the head of the pancreas given the risk of puncturing
surrounding vasculature. In addition, the curvature of
the scope may not allow for effective firing of the biopsy
needle.
The role of pancreatic cyst fluid molecular analysis
in predicting the pathology of the pancreatic cysts has
been investigated. Khalid et al[28] analyzed pancreatic cystic
fluid obtained via EUS-FNA in thirty-six patients with
confirmed surgical histology. The authors hypothesized
that polymerase chain reaction (PCR) amplification
of DNA from whole or lysed cells shed into the cyst
fluid may be predictive of cyst pathology. A high level
of mutational damage would predict an underlying
malignancy. In addition, as malignant cysts would have
high cell turnover, cyst fluid DNA content may be higher
in malignant cysts. Ten of the eleven malignant cysts
carried multiple mutations as compared to no mutations
in all ten benign cysts. The total amount of DNA in the
malignant cysts was significantly higher than in the benign
cysts.

INTERVENTIONAL EUS
Celiac plexus block
Pain associated with chronic pancreatitis can be difficult to
control[29]. Often narcotic pain medications are required,
but these are associated with significant adverse effects
including constipation, nausea, vomiting and dependence.
As pancreatic pain is mainly transmitted through the
celiac plexus, celiac plexus neurolysis or block has been
employed to manage pain related to pancreatic cancer or
chronic pancreatitis. Initially, this was performed surgically
or percutaneously. EUS-guided celiac plexus neurolysis
was introduced by Wiersema et al[30] which was found to
be as effective as the surgical or percutaneous approaches
for the management of pancreatic cancer related pain.
This technique was applied to manage pain from chronic
pancreatitis[31,32]. Gress et al[31] reported a series of ninety
patients with chronic pancreatitis who underwent
EUS-guided celiac plexus block using Bupivacaine and
Triamcinolone. Fifty-five percent of patients reported
www.wjgnet.com
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a decrease in pain symptoms at 4 and 8 wk. A smaller
percentage of patients experienced pain relief at 12 and
24 wk. The study was limited by a lack of a placebo arm
which allows for potential bias. The use of celiac plexus
block for the management of chronic pancreatitis pain
remains uncertain and further studies are necessary.
Drainage of pseudocyst
Pancreatic pseudocysts may develop as sequela of acute
or chronic pancreatitis. They can be asymptomatic and
often resolve with time. However, when they become
symptomatic or enlarge to greater than 6 cm in size,
drainage is indicated. Traditionally, drainage of pseudocysts
was performed surgically. However, percutaneous and
endoscopic techniques have gained favor given the
mortality and morbidity of surgery. The location of
puncture for transgastric and transduodenal drainage of
pseudocysts was determined by the bulge caused by the
pseudocyst into the lumen. In the absence of a bulge,
puncture of the cyst was a “blind” process increasing the
risk of perforation and hemorrhage[33,34]. EUS allows for
transgastric or transduodenal drainage of the pseudocyst
under real time ultrasound guidance and thus minimizes
the risk of complications. Various techniques have been
described in the literature[34-42].

CONCLUSIONS
EUS is an essential tool in evaluating benign pancreatic
diseases. Chronic pancreatitis and cystic lesions of the
pancreas pose a diagnostic challenge. EUS carries an
advantage over CT scans and endoscopic retrograde
pancreatography in the diagnosis of chronic pancreatitis
as it has the ability to detect parenchymal changes evident
in early chronic pancreatitis. In the cases of pancreatic
cysts, EUS allows for direct sampling of cyst fluid under
ultrasound guidance to differentiate between cystic lesions
of the pancreas. Overall, the ability to obtain important
information regarding the pancreas through high quality
images and FNA in a relatively safe manner is the main
advantage of EUS.
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Abstract
Pancreatitis-associated protein (PAP) was discovered in
the pancreatic juice of rats with acute pancreatitis. PAP
is a 16 kDa secretory protein structurally related to the
C-type lectins although classical lectin-related function
has not been reported yet. Then, it was demonstrated
that PAP expression may be activated in some tissues
in a constitutive or injury- and inflammation-induced
manner. More recently, it has been found that PAP
acts as an anti-inflammatory factor in vitro and in vivo .
PAP expression can be induced by several pro- and
anti-inflammatory cytokines and by itself through a
JAK/STAT3-dependent pathway. PAP is able to activate
the expression of the anti-inflammatory factor SOCS3
through the JAK/STAT3-dependent pathway. The
JAK/STAT3/SOCS3 pathway seems to be a common
point between PAP and several cytokines. Therefore,
it is reasonable to propose that PAP is a new antiinflammatory cytokine.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In 1984, Keim and co-workers reported the presence of
a new protein in pancreatic juice of rats after induction
www.wjgnet.com

of acute pancreatitis [1] . This secretor y protein was
absent in control rats but appeared early after induction
of pancreatitis and remained over-expressed for the
following 3-4 d. The protein was detected also in pancreas
homogenate and in zymogen g ranules. Due to the
relationship with the induction of pancreatitis, the protein
was denominated “pancreatitis associated protein” or PAP.
Four years later, Tachibana and colleagues described the
peptide 23 as a protein from the rat pituitary gland, which
synthesis was stimulated by the growth hormone-releasing
hormone and inhibited by somatostatin[2] but its primary
structure remained unresolved at the time. The sequence
of PAP was deduced after cloning the corresponding
mRNA from rat[3] and human pancreas[4]. Only four years
later Katsumata and co-workers reported that in fact,
peptide 23, identified in 1988, was identical to PAP [5].
Finally, Lasserre and colleagues found that the PAP mRNA
was overexpressed in 7 of 29 hepatocellular carcinomas[6]
and named the encoded protein HIP. Therefore, peptide
23, HIP and PAP are three names for the same protein. In
this review we will call it PAP because it is the first name
adopted for this protein.
In healthy pancreas, PAP is constitutively expressed
in the α-cells of Langerhans islets[7]. By contrast, in the
exocrine pancreas, PAP is only expressed when the acinar
cells are harmed[4]. In fact, PAP expression is activated in
pancreatic acinar cells in response to many injuries such
as acute and chronic pancreatitis [4], hypoxia[8], toxins[9],
diabetes[10], lipopolysaccharides[11], hypotransferrinaemia[12],
and in the transplanted tissue[13]. However, its expression is
not restricted to pancreatic tissue, and could be observed
in several organs. This includes the intestine during
chronic inflammatory diseases such as Crohn’s disease and
ulcerative colitis[14,15] and in animal models of inflammatory
bowel disease (IBD) [16] . PAP is also expressed in the
brain tissue of Alzheimer patients [17,18], in the luminal
epithelial cells of the uterus[19] and in a sub-population
of developing motoneurons and, after peripheral injury,
in sensory neurons and motoneurons [20,21]. Moreover,
PAP mRNA expression was found activated in about
80% of the pancreatic adenocarcinomas of ductal origin
and in 30% of mucinous cystadenomas[22]. The levels of
PAP mRNA expression correlated with nodal invasion,
presence of distant metastases and short survival. Also,
in some cases peritumoral regions overexpressed PAP[23],
indicating that both tumor and peritumoral cells contribute
to the high PAP serum level observed in patients with
pancreatic cancer. In the liver, PAP was found strongly
activated in about 30% of the primary hepatocarcinomas,
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but the forced expression of PAP in this organ does not
induce tumor development[24].

PAP IS A LECTIN-RELATED PROTEIN
Computer analysis of the PAP sequence sug gests a
structural relationship with lectins[3]. Identities between
PAP and the other animal and human lectins range
from 16% to 26%. Homologous domain includes the
conserved amino acids of the consensus carbohydrate
binding domain of the Ca2+-dependent lectins (C-type
lectins) (Figure 1). However, initial attempts to characterize
a carbohydrate binding activity, including erythrocyte
agglutination or adsorption to affinity columns specific
for different carbohydrates, failed [3] . The structural
organization of the PAP gene reveals new clues to the
evolutionary development of the lectin genes. The PAP
coding sequence spans over six exons and the putative
carbohydrate-recognition domain is encoded by exons
Ⅳ, Ⅴ and Ⅵ. This gene organization suggests that PAP
belongs to a new group of lectins which have evolved
from the same carbohydrate-recognition domain ancestral
precursor through a different process[25]. It is interesting to
note that PAP is the smallest protein reported among the
C-type lectins. In fact, it comprises a single carbohydraterecognition domain linked to a signal peptide[26] whereas
other C-type lectins contain the sugar-binding consensus
combined with a variety of other protein domains which
confer specific functions of lectins. In contrast, PAP does
not have additional functional domains.

PAP IN PANCREATIC DISEASES
Early after its discovery it becomes clear that acinar

cells of the pancreas are the main source of PAP in
pathological situations. Using an experimental model of
acute pancreatitis in rat, Morisset and co-workers found
the induction of PAP and its localization in zymogen
granules[27]. Bodeker and co-workers described the pattern
of PAP up-regulation in exocrine pancreas during the
progression of the disease[28]. The profiles obtained by
Northern blot analysis with pancreatic RNAs, Western
blot in pancreatic protein extracts and immunodetection
are equivalent to that observed in human disease and in
animal models. The absence of PAP in healthy pancreas
and its strong induction observed during the early phase
of the disease suggest that PAP could be a stress protein
or an acute phase protein induced upon cell insult. This
is of interest since pancreatic acute phase response,
characterized by sudden changes in protein expression is
a clear indicator of injury or infections in the pancreatic
gland. Since PAP is overexpressed by pancreatic cells in
response to cellular stress, it has been evaluated whether
serum PAP could be an indicator of different pancreatic
diseases. In an initial retrospective study[29], it has been
suggested that PAP might be a useful serum marker in the
following of acute pancreatitis. In particular, a continuous
elevation of serum PAP concentrations indicates that
pancreatitis is still in progress. Nevertheless, other studies
revealed that despite severity of pancreatitis correlated with
serum levels of PAP, the sensitivity of PAP did not allow
distinguishing severe from mild acute pancreatitis, better
than C reactive protein[30]. In the case of pancreatic cancer,
PAP was also overexpressed and could be observed in
malignant ductular structures in pancreatic carcinomas[22].
Other reports revealed that PAP was strongly expressed in
acini adjacent to the invasive adenocarcinoma, suggesting
that the main source of PAP release in the pancreatic
www.wjgnet.com
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juice is acini[23]. Since overexpression of PAP significantly
correlated with nodal involvement, distant metastasis, and
short survival, it has been suggested that its expression
in human pancreatic ductal adenocarcinoma could be an
indicator of tumor aggressiveness[22].

PHYSIOLOGICAL FUNCTIONS OF PAP
The fact that PAP is secreted by pancreatic acinar cells into
the pancreatic juice initially suggested a role for this protein
in pancreatic juice homeostasis. Several data are in line with
this. Pancreatic juice is supersaturated in CaCO3 and, in the
absence of physiological inhibitors, this salt will precipitate
in crystal formation. Interestingly, lithostathine, another
member of the PAP protein family, inhibits CaCO3 crystal
growth in vitro[31]. On the other hand, it has been shown
that PAP can bind and aggregate several bacterial strains
from the intestinal flora including Gram positive and Gram
negative, aerobic and anaerobic bacteria, although without
inhibiting their growth[3]. This fact suggests that PAP could
act as an endogenous anti-bacterial agent that could play a
protective role preventing infectious complications in acute
pancreatitis. Another suggested function for PAP is related
to the fact that PAP conferred significant resistance to
apoptosis induced by TNFα[32] or by low doses of H2O2[33],
indicating that during acute pancreatitis PAP generation
could be part of a mechanism of pancreatic cell protection
against apoptosis. This anti-apoptotic effect of PAP was
also observed in liver in which PAP protects hepatocytes
against TNFα-induced apoptosis[24]. An interesting role for
PAP has also been observed in motoneurons. It has been
reported that PAP expression is activated in developing
and regenerating motoneurons[20]. This effect is related to
ciliary neurotrophic factor (CNTF), which is an important
survival factor for motoneurons. In cultured motoneurons,
CNTF induces PAP expression which acts as an autocrine/
paracrine neurotrophic factor in a subpopulation of
motoneurons, by stimulating a survival pathway involving
PI3 kinase, Akt kinase and NFκB[34]. Despite the obvious
interest of these observations, it is difficult to link these
effects with the enormous amount of PAP released
by pancreas during acute pancreatitis or cellular stress.
Consequently, other physiological functions, more closely
related with pancreatic diseases, have been investigated.

PAP AS AN ANTI-INFLAMMATORY
MEDIATOR
The initial indication that PAP could act as a modulat
or of the inflammatory response has been provided
by Heller and co-workers [35] . Using an ex-vivo model
of lung perfusion, these authors observed that PAP
reduces the severity of some features associated with
N-formyl-methionyl-leucyl-phenyl-alanine (FMLP)induced activation of leukocytes. This includes the
generation of thromboxane B 2 and the tissue edema
formation in the lung. Since PAP generation has been
observed in diseases related with inflammatory processes
(pancreatitis, Crohn’s disease, etc.), it was speculated that
PAP could act as a cell response to the inflammatory
www.wjgnet.com
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stress. This is in line with the fact that induction in the
pancreas of an acute-phase response, in which PAP
expression was activated, prior to triggering necrotizing
pancreatitis, significantly improved the survival of the
animals[36]. Studies demonstrated that the administration
of anti-PAP antibodies in an experimental model of
taurocholate-induced acute pancreatitis in rats was
associated with increased inflammation in the pancreas,
evidenced by more abundant necrosis, increased pancreatic
myeloperoxidase (MPO) levels and more prominent
neutrophil infiltration[37]. Similar results were observed in
another study using PAP antisense oligodeoxyribonucle
otides to block the expression of PAP prior to induction
of pancreatitis. With this approach, pancreatitis-induced
PAP expression was reduced by 55% and markers of
inflammatory cell damage were increased. These include
serum amylase activity, pancreas edema, serum C-reactive
protein, leukocyte infiltration and fat necrosis. In addition,
the expression of IL-1α , IL-1β and IL-4 was increased in
peripheral blood mononuclear cells[38]. Pre-treatment with
PAP of the in vitro TNFα-stimulated macrophages results
in a dose-dependent inhibition of IL-6 and TNFα mRNA
expression [37]. The inhibitory effect of PAP has been
observed in different cell lines, including rat pancreatic
acinar AR42J cells and human HT29 colon derived cells[39].
In these models, PAP prevented NFκB translocation/activation
in response to TNFα, indicating that inhibition by PAP
occurs, at least in part, upstream of NFκB pathway. It is
of clinical interest that the anti-inflammatory effect of
PAP could be observed in other organs than pancreas.
For example, increased serum levels of PAP expression
has been observed in IBD-affected patients and these
levels correlated with clinical and endoscopic parameters.
In addition, ex vivo experiments showed that intestinal
PAP synthesis and secretion was increased in active IBD
and correlated with endoscopic and histological severity
of inflammatory lesions. Remarkably, PAP reduced the
proinflammatory cytokines secretion of the incubation
of intestinal mucosa from active Crohn’s disease in a dose
dependent manner[39]. Consequently, it could be suggested
that the anti-inflammatory role of PAP is not restricted to
the pancreas and could be a more general response of the
epithelial cells against the inflammatory processes.

ANTI-INFLAMMATORY ACTIVITY OF PAP
IS MEDIATED BY STAT3 ACTIVATION
The inhibitory effect of PAP on the pro-inflammatory
NF κ B pathway seems to be dependent on protein
synthesis. This has been demonstrated in AR42J cells by
using cycloheximide into the culture medium to prevent
de novo protein synthesis[40]. As indicated above, TNFα
induces overexpression of the TNFα gene itself and this
autocrine loop could be blocked by PAP. However, PAP
lost its ability when protein synthesis was inhibited by
cycloheximide. This protein synthesis dependence to act as
an anti-inflammatory factor shows similarities to IL-10 and
IL-6, which depend in part on the synthesis of suppressor
of cytokine signalling (SOCS) proteins[41,42]. Both IL-10
and IL-6 receptors are related to the JAK/STAT signal
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transduction pathways. Therefore, the relationship
between PAP and JAK/STAT has also been evaluated. In
a recent paper, it has been reported that PAP treatment
of the AR42J cells results in a rapid and transient
phosphorylation and nuclear translocation of STAT3
protein[40]. In addition, pre-treatment with JAK-specific
inhibitors results in the blockage of the inhibitory effects
induced by PAP. Finally, the PAP-dependent activation
of STAT3 results in a strong activation of its gene target
SOCS3 that in turn could be the mediator of the PAP antiinflammatory effect. Altogether, these results indicate that
PAP exerts their effects through the synthesis of a protein
induced by the activation of the JAK/STAT signalling
pathway. SOCS3 will be the best candidate.
PAP can be strongly induced by IL-6 and IL-10 and
IL-10-related cytokines through a STAT3-mediated pathway.
Interestingly, expression of PAP itself appears to be
induced in pancreatic acinar cells by the presence of PAP
in the medium. This is also related to the activation of
STAT3 pathway since at least two functional STAT-responsible
elements have been reported in the promoter of the PAP
gene[43]. This self-induction suggests the existence of a
positive feedback mechanism in pancreatic acinar cells via a
PAP receptor and a cross-talk with other cytokines (Figure 2).

CONCLUDING REMARKS
PAP has been found as a 16 kDa secretory protein
specifically induced in pancreas with acute pancreatitis.
It has been demonstrated that PAP is activated in some
tissues in a constitutive or injury- and inflammationinduced manner. PAP is structurally related to the C-type
lectins although not classical lectin-related function has
been reported. More recently, it has been found that
PAP acts as an anti-inflammatory factor in vitro and in
vivo. PAP expression can be induced by several pro- and
anti-inflammatory cytokines and by itself through a
JAK/STAT3-dependent pathway. PAP is able to activate the
expression of the anti-inflammatory factor SOCS3 through
the JAK/STAT3-dependent pathway. JAK/STAT3/SOCS3
pathway seems to be a common point between PAP and
several cytokines. Therefore, it is reasonable to believe that
PAP is a new anti-inflammatory cytokine.
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Abstract
Peripheral neuropathy, and specifically distal peripheral
neuropathy (DPN), is one of the most frequent and
troublesome complications of diabetes mellitus. It is the
major reason for morbidity and mortality among diabetic
patients. It is also frequently associated with debilitating
pain. Unfortunately, our knowledge of the natural history
and pathogenesis of this disease remains limited. For a
long time hyperglycemia was viewed as a major, if not
the sole factor, responsible for all symptomatic presentations of DPN. Multiple clinical observations and animal
studies supported this view. The control of blood glucose as an obligatory step of therapy to delay or reverse
DPN is no longer an arguable issue. However, while
supporting evidence for the glycemic hypothesis has accumulated, multiple controversies accumulated as well.
It is obvious now that DPN cannot be fully understood
without considering factors besides hyperglycemia. Some
symptoms of DPN may develop with little, if any, correlation with the glycemic status of a patient. It is also
clear that identification of these putative non-glycemic
mechanisms of DPN is of utmost importance for our understanding of failures with existing treatments and for
the development of new approaches for diagnosis and
therapy of DPN. In this work we will review the strengths
and weaknesses of the glycemic hypothesis, focusing on
clinical and animal data and on the pathogenesis of early
stages and triggers of DPN other than hyperglycemia.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Diabetes mellitus is a complex of metabolic disorders
associated with insufficiency of insulin secretion, insulin
action or both, and is manifested by hyperglycemia [1-3].
Diabetes is diagnosed when fasting blood glucose
exceeds 6.9 mmol/L, or casual or 2-h glucose in a glucose
tolerance test exceeds 11 mmol/L[4]. Control of blood
glucose in vertebrate organisms is accomplished essentially
by the action of two pancreatic hormones, i.e., insulin and
glucagon, with the participation of epinephrine, ACTH,
growth hormone and glucocorticoids occurring under
special circumstances, such as stress. Insulin is released by
islet beta cells in response to an increase of blood glucose
(usually after a meal). It suppresses glucose production and
stimulates the uptake and storage of glucose in skeletal
muscle and liver (Figure 1). It also suppresses lipogenesis
in the fat tissue and stimulates amino-acid synthesis in
skeletal muscle. During a fasting state, when blood glucose
is low or during stress requiring mobilization of energy,
insulin secretion is suppressed and glucagon is released
into the circulation by pancreatic a cells, opposing the
action of insulin to increase the release of stored energy
resources for use by the organism (Figure 1)[5,6].
The metabolic effects of insulin are mediated by
activation of its cognate receptors that are expressed in
target tissues (skeletal muscle, liver, fat) in large excess
compared to the amount needed for normal regulation
of glucose metabolism (spare receptors[7-10]). This lays a
background for and signifies the paramount importance of
the glucose control mechanisms. Indeed, in type 1 diabetes,
which is usually associated with idiopathic autoimmune
attack and destruction of islet beta cells, more than 90%
of islet cells need to be destroyed or less than 10% of
insulin production should remain for overt hyperglycemia
to manifest[11]. Similarly, in type 2 diabetes, associated in its
early stages with decreased sensitivity of insulin-responsive
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Figure 1 Hormonal regulation of systemic blood glucose.

tissues to the action of the hormone (insulin resistance)
and compensatory hyperinsulinemia, no clinical diabetes
develops before muscle and fat tissue sensitivity to
insulin is decreased below 50%-35% of normal[9]. In rats,
and similarly in humans, plasma insulin may vary over
the range of 1 to 4 ng/mL with fasting blood glucose
exceeding the diabetic threshold of 6.9 mmol/L (solid
line in Figure 2) [12-17] only in rare cases. In most cases,
insulin must decrease to less than 0.5 ng/mL level (15%
of control, 3.5 ng/mL level) in order to manifest overt
hyperglycemia and diabetes.
Such a large safety factor for glucose control is of
critical biological importance; however, clinically the
impairment of insulin signaling in this disease process
starts long before it manifests in overt hyperglycemia. With
the discovery of insulin and improvement in techniques
for blood glucose measurement, diabetes is not a life
threatening disease by itself[18]. Therefore the long preclinical progression of diabetes could be a relatively minor
issue; however, diabetes is associated with a variety of life
threatening complications, among which distal peripheral
neuropathy (DPN), cardio-vascular disease (CVD),
retinopathy and renal disease are most frequent [2]. The
problem is signs of these complications are frequently
present prior to overt hyperglycemia and diabetes (Figure 2).
Realization of this fact led to the definition of pre-diabetes
as a state with moderate impairment of blood glucose
control and high risk of development of overt diabetes,
retinopathy and CVD[3,19]. Pre-diabetes is diagnosed when
fasting blood glucose exceeds 5.6 mmol/L and/or 2-h
glucose in a glucose tolerance test (GTT) exceeds 6.9 mM
(impaired fasting glucose (IFG) and impaired glucose
tolerance (IGT) dashed and solid horizontal lines in Figure
2, respectively)[4].
Establishing the correct lower limit for diagnosis of
pre-diabetes is important because it determines whether
clinical tests for complications should be performed and
recommendations in life style and diet modifications
should be presented to patients. In a recent study of
young adult men, it was shown that fasting glucose
exceeding 4.82 mmol/L constitutes an independent
risk factor for developing type 2 diabetes in otherwise
healthy subjects [20]. In another study of adult healthy
men without diabetes or pre-diabetes, progressive loss of
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β-cell function and decrease in the first-phase of insulin
secretion were detected at fasting glucose between 5.0
and 5.4 mmol/L[21]. Another clinically important issue is
to understand the pathogenesis of diabetic complications,
starting with pre-diabetic patients. This knowledge is
required for early detection, prognosis and treatment of
diabetic complications. Here we will discuss data and
hypotheses for the triggers and progression of one such
complication, which is distal peripheral neuropathy.

DISTAL PERIPHERAL NEUROPATHY
The prevalence of peripheral neuropathy in diabetic
subjects approaches 70% and about 50% of these are
cases of DPN [22-24]. The disease usually progresses to
involve cardiac autonomic nerves, and as a result it is a
major factor in mortality of diabetic subjects. DPN is also
the major reason for loss of protective limb mechanical
sensations, traumatic ulceration injures and therefore
amputations[23,24]. Finally, about 11% of DPN cases are
associated with chronic pain symptoms that severely
diminish the quality of life and are frequently associated
with depression[22,23]. The etiology of DPN is unknown
and prediction of progression and treatments of the
symptoms of DPN are limited[22,25-27].
Perhaps the largest problem associated with DPN,
complicating its classification and treatment, is the variety
of clinical presentations of this disease (Figure 3)[28-30].
Aside from a generally bilateral manifestation, distal to
proximal advance and prevalence of sensory over motor
impairment signs and symptoms, any two randomly
selected cases of DPN may have nothing in common
at the time of diagnosis and, to the extent it is known,
their history and the pattern of their future progression
may be very different. There are two broad categories of
sensory symptoms of DPN, positive and negative [26,29].
Positive symptoms include pain, paresthesias and aberrant,
exaggerated sensitivity to normally painless or moderately
painful stimuli (allodynia and hyperalgesia). Negative
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Positive sensory symptoms:
Chronic or Acute/Remitting:
Spontaneous:
		
Painless paresthesias:
numbness, tingling, pricking, burning, or
		
creeping
		
Pain/dysesthesia: burning,
		
electric, sharp, or dull/aching
Evoked pain/dysesthesia: allodynia or
		
hyperalgesia, mechanical/
tactile
or thermal
Negative sensory signs/symptoms:
Decrease in sensory nerve amplitude/conduction
velocity
Decrease or loss of perception:
Vibratory stimuli
Thermal stimuli (warming or cooling)
Tactile perception (light touch)
Nociception (hypoalgesia):
		
Thermal (heat or cold)
		
Mechanical (pin-prick)
Loss of tendon reflexes
Motor signs/symptoms
Decrease in motor nerve amplitude/conduction
velocity
Muscle wasting

Figure 3 Signs and symptoms of distal peripheral neuropathy. Categories of
symptoms most frequently manifested in humans with diabetes are given in bold.

symptoms consist of loss of sensory perception in one or
several modalities. Motor symptoms, if present, manifest
as muscle weakness, and thus they are also negative.
Finally, a classical electrophysiological, and also negative,
sign of DPN is a decrease in nerve conduction velocity
(NCV) and amplitude of compound action potentials
(APs) in peripheral sensory and motor nerves[23,24,26,27,31].
Furthermore, three categories of DPN, acute painful
remitting neuropathy, chronic painful neuropathy and
painless neuropathy with ulcer can be outlined as separate
clinical entities [24,32,33]. The relationships among these
entities, however, if any exist, are not known. Within each
of these groups, signs of demyelination of large peripheral
fibers (decrease in NCV) may or may not co-exist with
signs and symptoms of large fiber axonopathy (decrease in
amplitude of compound APs, loss of vibration sensation
and/or loss of stretch reflexes). Loss of warm and cold
perception, impair ment of unmyelinated and small
myelinated fibers, may or may not co-exist with signs of
large fiber abnormalities[24,31,32,34-36]. Furthermore, the pain
normally conducted by small unmyelinated peripheral
axons may or may not be present at the same time with
any of the above mentioned symptoms[22-24,26,36,37]. Finally,
the modalities of pain and the degree of involvement of
autonomic nervous system impairment constitute another
large set of variables[22,24,33,38-40].
From experiments in animals, and by analog y
with other neuropathies, it can be suggested that the
pathogenesis of negative symptoms and signs of DPN
is likely to be associated with demyelination and axonal
atrophy and degeneration[41,42]. Failure of re-innervation
will make these symptoms essentially irreversible [42-44].
Mechanisms of neuropathic pain, paresthesias and

177
Normal PNS

Dying-back axonopathy

Accumulated effect of random local insults

Figure 4 Hypotheses on distal-to-proximal progression of DPN. In normal PNS
(top), neurons synthesize proteins in the cell body and transport them down the
axon at the rate determined by axonal structural and functional needs. Impairment
of synthesis or axonal transport of proteins will result in dying-back neuropathy,
in which neurons with longest processes are affected first (middle). Alternatively,
the neuropathy may result from effect of random local insults to the axon, with
probability of accumulation of a critical number of such insults being higher for
neurons having longer axons (bottom). Short arrows indicate non-specified axonal
or neuronal injuries. Long solid or dashed arrows indicate normal or compromised
axonal transport (respectively).

hyperalgesia are less understood [27,40] . However, it is
generally accepted that abnormally intense spontaneous
input from primary afferent fibers to the spinal cord
is a primar y trig ger of these symptoms [24,27,45,46] . At
least three usually overlapping conditions, resulting in
such abnormal activity of peripheral axons, are well
established. First is impairment of endoneurial circulation
and following it ischemia [47,48] . Second is impairment
of axon-glia relationships and segmental or paranodal
demyelination[49,50]. The third condition is an axonal injury
and following it Wallerian degeneration and neuroma[51,52].
In addition, increased excitability of regenerating, and
therefore not yet properly myelinated, nerve fibers may
add to the generation of aberrant peripheral discharge and
pain[53,54]. At least at advanced stages, evidence for axonal,
glial and vascular injuries are detectable in most cases of
DPN[41,55].
Further insight into the pathogenesis of DPN is
provided by its diffuse, bilateral presentation and distal
to proximal progression. The for mer sug gests that
systemic rather then local conditions underlie the clinical
pathology, while the latter could indicate two possibilities
(Figure 4). First, DPN may be a manifestation of dying
back degeneration, with the primary insult consisting of
the impairment of synthesis or efferent axonal transport
of proteins, therefore affecting the function of the longest
axons in the body that are most dependent on these
mechanisms [42]. Failure of protein synthesis, including
synthesis of some important neurotrophic molecules, in
diabetes could result in impaired nerve regeneration and
dying back axonopathy[43,44,55,56]. Alternatively, accumulation
of the effects of multiple injuries randomly located along
the axon, for example demyelinating injures, may result
in a clinical picture that is practically indistinguishable
from dying back neuropathy [41,42,57]. The longest axons
in the body will most likely be hit by a critical number
of such local insults and their function will fail first.
www.wjgnet.com
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Micro-vascular disease followed by local impairment
of blood supply to the nerve fascicules may be a basis
for random demyelinating insults progressing later to
axonal degeneration [58-60] . It is also conceivable that
both mechanisms are operating at the same time. Both
demyelination and axonal degeneration were detected
in human DPN by electrophysiological tests and biopsy
studies [24,41,61]. Peripheral axons are the longest in the
human body, and this might be an important factor
explaining PNS involvement superseding the CNS
complications. Another potentially important reason
for the high vulnerability of PNS to diabetic injury is
the relatively weak anti-oxidative defenses of peripheral
neurons (see Section 3).
While the discussion above appears to encompass all
the major features of DPN, multiple questions related
to the pathogenesis of DPN remain unresolved. Thus
whether or not dying back axonopathy or multiple local
injuries or both mechanisms lead to the disease, it is
not clear why, in most cases of neuropathy, sensory
symptoms prevail over signs of impairment to motor
axons innervating the same distal areas of the human
body. Furthermore, neither of these mechanisms explains
a variety of clinical presentations of DPN nor answers the
question of why some diabetic patients live without any
symptoms of DPN for years[62]. Finally, major questions
that remain to be answered include identifying pathogenic
triggers of DPN, pathogenesis of individual symptoms,
and relationships among different symptoms and signs of
the disease[22,24].
To illustrate the importance of the latter question, two
hypothetical scenarios of DPN are shown in Figure 5. In the
first scenario (Figure 5, top), there is a single pathogenic
process triggering and maintaining the disease. The course
of the disease and its clinical manifestations at the time of
diagnosis and neurological evaluation (ovals in the Figure 5)
will be determined by the duration of DPN and individual
differences in the genetic backgrounds of patients.
From the point of view of the symptoms revealed by
a neurological exam, the second scenario (Figure 5,
bottom) is identical to the first one; the critically important
difference, however, is that different sets of symptoms
in this scenario are trig gered and driven by entirely
independent pathogenic mechanisms (symptoms “a”, “c”,
and “d” vs symptom “b”). Some of the branches of the
pathogenic process (“b” in the first scenario) may enter an
irreversible stage. Therefore, the early detection of DPN is
an obligatory condition for the successful treatment of this
disease. The cartoons demonstrate also that identification
of all participating triggering mechanisms and symptoms
associated with them is another critical step for the
efficient treatment of DPN.

CHRONIC HYPERGLYCEMIA AND
PATHOGENESIS OF DPN
DPN follows both type 1 and type 2 diabetes, and systemic
hyperglycemia is the most obvious symptom that these
types of the disease have in common[24,63,64], suggesting
hyperglycemia as a universal trigger for DPN. Indeed,
www.wjgnet.com
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Figure 5 Hypothetical branching (top) and multi-trigger (bottom) pathogenesis
of DPN. In the first scenario (top) all manifestations of the disease result from
the unique branching pathogenic process, and symptom “b” discovered at the
time of neurological exam B is not corrected by treatment because it has already
progressed to an irreversible stage (dashed lines). Earlier diagnosis and institution
of treatment (at time A) may critically change the outcome of therapy in this
scenario. Alternatively (lower scenario), several independent factors may trigger
and maintain the progression of DPN. In this case the therapy may fail to treat
symptoms not because they are irreversible, but because the correct cause of the
pathology is not identified and is not treated (dashed lines).

insulin treatment or treatment with insulin-sensitizing
drugs to control hyperglycemia reverses some symptoms
of DPN and delays its progression in general[65,66]. The
Diabetes Control and Complications Trial (DCCT)
data show that strict control of hyperglycemia in type 1
diabetes patients without clinical neuropathy decreased
development of DPN in 60% of cases over 5 years of
follow up study[67,68]. Well within the framework of the
glycemic hypothesis, the failure to prevent all cases of
DPN could be explained by the fact that glucose control
can never be perfect. Type 1 and 2 patients are, on average,
euglycemic for only about 62% of the day, while during
the remaining 30% and 8% of the day they have various
degrees of hyperglycemia and hypoglycemia, respectively[69].
Therefore, to avoid hypoglycemic crisis, the acceptable
target value for blood glucose in controlled subjects is
usually set to values above normal (6.7 to 10 mmol/L in
DCCT and 6 mmol/L in U.K. Prospective Diabetes Study;
of type 2 diabetic patients[65,68]). Another explanation for
incomplete efficacy of glucose control is that, after longstanding diabetes, some neuropathic mechanisms may
enter either an irreversible stage or a stage of progression
that is already independent of the original trigger. With
the limitations imposed by generally late diagnosis of
diabetes and DPN[24,70,71], slowing of NCV, paraesthesia
and painful symptoms appear to be the earliest (closest to
the initiating pathogenic insult) manifestations of DPN.
Therefore, it appears to be in good agreement with the
glycemic hypothesis that in patients with newly diagnosed
diabetes, NCV slowing and paresthesias (hyperglycemic
neuropathy) can be frequently completely recovered with
the establishment of euglycemia[31,42].
Further support for the glycemic hypothesis comes
from research in animals, specifically rat models of type
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Figure 6 Hyperglycemia, derangement of cell metabolism and oxidative/nitrosative stress. Hyperglycemia associates with accumulation of fructose-6-phosphate and
hexosamine pathway (1) to N-acetylglucosamine, accumulation of dihydroxyacetone phosphate and associated activation of PKC (2), activation of polyol sugar pathway (3),
and glucose autoxidation and non-enzymatic protein glycation (4). These metabolic events are either regular physiologically important components cell metabolism (1, 2 and 3)
or are normally under strict control of intrinsic intracellular defense mechanisms (4). However, under conditions of chronic hyperglycemia activation of these pathways leads
to a global derangement of the cell and tissue homeostasis, which culminates in an uncontrolled cascade of abnormal protein modifications, oxidative/nitrosative stress and
pro-inflammatory conditions.

1 diabetes (STZ-induced or spontaneous in BB-rats)
and spontaneous type 2 diabetes in Zucker fatty rats[66,72]
that appear to be the best studied animal models with
regard to neuropathy. The short life span of rodents
severely limits evaluation of chronic human diseases in
these animals. Another limitation is that in behavioral
tests, evoked pain manifested by limb withdrawal can be
tested, but neither spontaneous pain nor changes in nonnociceptive sensory thresholds can be reliably measured
in animals. Nonetheless, in general agreement with both
clinical data on the earliest signs and symptoms of human
DPN and the glycemic hypothesis, slowing of sensory[73-76]
and motor[74,75,77-83] NCV and manifestations of evoked
pain (hyperalgesia[75,84-87] and allodynia[85]) were shown to
develop within the first month of onset of hyperglycemia
in diabetic rats. With a longer time allowed (six to twelve
months of diabetes) signs of axonopathy, demyelination
and nerve degeneration can also be detected in diabetic
animals[56,74,80,82,88-90]. Finally, early in the course of diabetes
in rat models impairment of endoneurial blood flow
and micro- and macrovascular reactivity are reported by
many investigators[75,91-94]. Skin and arterial blood flow is
abnormal early in diabetic patients[95-98], but no reduction
in sural nerve blood flow was detected in humans with

diabetes and mild DPN[99]. Thus, it is not clear whether
impaired endoneurial blood flow represents a rat-specific
component of DPN or if it is missed in humans because
of its transient character and usually late detection of
DPN in diabetic patients. In agreement with the glycemic
hypothesis, all abnormalities found in rat models are
reversible with normalization of blood glucose in insulin
replacement experiments, and some of them (decreased
pain pressure threshold) can be induced in normal rats by
chronic in vivo perfusion of a DRG, or a segment of sciatic
nerve with hyperglycemic solution[100,101].
Finally, support for the glycemic hypothesis is provided
also by studies of cellular pathology associated with
experimental diabetes. These studies show that practically
all signs and symptoms of DPN observed in animal
models may be linked to hyperglycemia-induced metabolic
impairment of nerve, glial and endothelial cells in PNS. A
detailed description of these studies is beyond the scope
of the present work and can be found in a number of
recent reviews[94,102-109]. The purpose of Figure 6 is only
to provide a brief outline of cell metabolic abnormalities
associated with diabetes and emphasize the findings
directly relevant to the following discussion of triggers of
early DPN.
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Although the scheme in Figure 6 is simplified and
omits many essential steps for the cascade of events [the
poly (ADP-ribose) polymerase (PARP)[108]; activation and
consequences of lipid peroxidation [110] are not shown],
it clearly demonstrates the complexity of this cascade.
Some events appear to be more specific to one type of
cell than to another, and there is as yet no agreement on
which events (for example activation of polyol pathway[111]
or abnormally intensified oxidative phosphorylation[106])
plays a leading role in cellular impairment. Nonetheless,
most of the data available indicate that all the various
pathways activated by hyperglycemia converg e in
generation of excess reactive oxygen species (ROS). This
process eventually overwhelms the intrinsic anti-oxidant
mechanisms of the cell and ends in oxidative/nitrosative
stress and pro-inflammatory conditions in the tissues[112-115].
The efficacy of treatment with anti-oxidants in correction
of DPN in animals and humans supports this view[116-119].
In diabetic animals, oxidative stress injury develops in
parallel in all major cellular elements of PNS. Injury to glial
cells is responsible for the demyelination component of
DPN, which may explain the decrease in NCV and painful
manifestations of the disease. Oxidative stress in neurons
might be responsible for axonopathy, impaired regenerative
capacity of axons and negative symptoms of DPN. Glial
cell injury will affect the nerve neurotrophism adding to the
progression of neuronal defects. Finally, oxidative stress
and impairment of nitric oxide (NO) production in the
endothelium of epi- and endoneurial blood vessels results
in impairment of endoneurial circulation and endoneurial
hypoxia, exaggerating and speeding up the direct effect
of hyperglycemic conditions on glial cells and neurons.
Oxidative stress is pro-inflammatory, which affects the
production of cytokines by glial cells, and provokes the
recruitment of immune response cells into the affected
tissue. This might be another important component of the
pathogenesis and progression of DPN. Thus, combining
these data and observations lays the foundation for a view
of the natural history of DPN similar to that depicted in
Figure 7 according to an expanded view of the glycemic
hypothesis.
Perhaps the most attractive aspect of such a view
of the pathogenesis of DPN is that while it suggests
a unifying trigger and mechanism (hyperglycemia and
oxidative stress) for all symptoms of DPN, it nevertheless
remains flexible enough to leave room for individual
variability in the rates of progression and spectrum of
manifestations of the disease. Indeed, the actual effects of
uniform pro-oxidative and pro-inflammatory conditions
may differ sharply depending on differences of individual
cells and tissues in their intrinsic anti-oxidant defenses
and individual organisms in their immune defenses.
The injuries to a single myelinating or non-myelinating
Schwann cell, endothelial cell or neuron will unlikely
have even subclinical significance. The death of several
myelinating cells will result in a decrease of NCV in a
given axon and injury to several endothelial cells may
cause the closure of a given capillary. Yet there are many
axons and there is regeneration of damaged axons, and
there are many capillaries and regeneration of damaged
and collateral capillaries. It is only after cellular defenses
www.wjgnet.com
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against the oxidative stress are overwhelmed in many cells
that the sub-clinical signs of the disease may be expected
to appear, and it is anticipated to take an even longer time
before clinical manifestations will themselves appear. In
agreement with this, en mass CNS cells appear to have a
much higher capacity for anti-oxidative mechanisms than
do PNS cells and this might be one of the reasons why
diabetic neuropathy affects the CNS much later than it
affects peripheral nervous functions[90,113,120].

DIFFICULTIES OF THE GLYCEMIC HYPOTHESIS
While apparently logical and consistent with many
clinical observations and the results of animal studies, the
glycemic hypothesis cannot completely explain all the data.
Thus, experiments in rodents consistently demonstrate
that the polyol pathway (conversion of glucose to sorbitol
by aldose reductase and then to fructose by sorbitol
dehydrogenase; pathway 3 in Figure 6) is an important
source of reactive oxygen species, and inhibition of aldose
reductase prevents or reverses many signs of DPN seen
in diabetic animals[121]. The same treatment in humans,
however, has shown questionable efficacy so far[27,53,122,123].
Other problems include the failure of a pre-clinical slowing
of NCV[24,124] or increase in glycosylated hemoglobin[22]
(HA1c, integral measure of persistent hyperglycemia;
pathway 4 in Figure 6) to predict development or severity
of symptoms of DPN. Also, the finding of an inverse
correlation between hyperglycemia and pain severity in
diabetic patients with remitting painful neuropathy at
presentation[33] is inconsistent with the glycemic hypothesis.
These and other similar inconsistencies certainly could be
attributed to the complexity of the disease, differences
in studied patient populations, or inadequate design
of drug trials in terms of timing, duration or dose[121].
Similarly, the lack of absolute efficacy in glucose control
in preventing DPN in humans with diabetes [68] could
also be explained within the framework of the glycemic
hypothesis considering the difficulty of maintaining blood
glucose concentrations within the relatively narrow range
of normal values, which suggests that the actual threshold
for neuropathic effects of hyperglycemia is lower than was
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previously thought. Therefore, recent findings of increased
incidence of DPN in patients with pre-diabetes, many of
whom have an impaired glucose tolerance (IGT) but not
fasting hyperglycemia[22,25,70,71,125-127], appear to present the
most serious challenge for the glycemic hypothesis.
The possibility that PNS injury may be triggered by
exaggerated and prolonged postprandial hyperglycemic
e p i s o d e s, w i t h o u t n e c e s s a r i l y r e q u i r i n g ch r o n i c
hyperglycemia, should be considered to reconcile the
glycemic hypothesis with observations of DPN in glucose
intolerant patients[70,128-130]. Indeed, indices of large fiber
function (ankle and knee reflexes and vibratory perception
thresholds) were shown to decay with impair ment
of glucose tolerance in humans without diabetes and
neuropathy[131]. Furthermore, pain is a frequent symptom
of pre-diabetic DPN. An acute glucose infusion, which
could be considered as an analog to a postprandial glucose
surge, decreased thresholds to electrical stimulation
in healthy adult volunteers [132] and decreased pain
pressure thresholds in type 1 diabetic patients without
clinical neuropathy[133]. In the latter study, however, no
association between acute hyperglycemia and heat pain,
warmth/cooling or vibration perception thresholds, was
found [133]. Inconsistent with the idea that postprandial
glucose changes have a neuropathic effect, no correlation
was detected between short-term fluctuations in blood
glucose and pain scores or heat pain thresholds in the
study of type 1 and type 2 diabetic subjects with painful
neuropathy[134]. Furthermore, no correlation between the
number of glycemic excursions and the number of painful
episodes was found in the study of type 1 patients with
painless neuropathy[135].
Difficulties with the glycemic hypothesis are not
unique to the human clinic. Thus in the STZ-rat model of
diabetes, NCV could be corrected by a low level of insulin
therapy below that required to correct hyperglycemia[89,136].
Pain pressure and von Frey filament thresholds studied
in the same model demonstrate no correlation with the
degree of hyperglycemia [84,101,137]. Furthermore, aldose
reductase inhibitors (blockers of the polyol sugar pathway;
Figure 6), given at doses sufficient to correct nerve sorbitol
and fructose and heat pain thresholds, do not correct von
Frey filament threshold in STZ-hyperglycemic rats[138,139].
As another example, pain pressure thresholds in type 2
diabetic Zucker rats could be corrected with insulin-likegrowth factor Ⅱ (IGF-Ⅱ) that has no effect on blood
glucose[86]. All these examples are taken from experiments
in overtly diabetic and hyperglycemic animals. Therefore,
formally the possibility remains that hyperglycemia was
the triggering event for the observed abnormalities, but
it is not required for the progression and maintenance of
these pathologies. Whether DPN develops in pre-diabetic
rats as it does in humans has not yet been studied. Since
previous work has focused on diabetes, little attention has
been devoted to the development of pre-diabetic animal
models and studies of DPN in these models. Nonetheless,
neuropathic decreases of mechanical and ther mal
nociceptive thresholds[140] and slowing of motor NCV[141]
were observed in studies in Zucker-fatty rats. Since these
are insulin-resistant but normoglycemic animals (type
2 pre-diabetes) the impaired glucose tolerance could
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be responsible for DPN in these animals. Recently, we
described decreased pain pressure threshold in rats that
were injected with STZ but remained normoglycemic[84].
These rats also had normal glucose tolerance, maintained
normal levels of HbA1c, and normal concentrations of
sorbitol in the nerve, suggesting that not only fasting but
casual glucose also was maintained within physiological
limits (Figure 8).
Thus there is solid evidence that hyperglycemia
is an important factor of DPN. However, there are
also both clinical and animal studies indicating that in
addition to chronic and/or postprandial hyperglycemia,
other pathogenic mechanisms must exist that trigger
and maintain at least some of the symptoms of DPN.
Identification of these factors is of critical importance
for our understanding of both the natural history of prediabetic DPN and the pathogenesis of diabetic DPN in
general[27,88].

INSULIN SIGNALING AND DPN
In the search for trig gers of DPN other than
hyperglycemia, it is important to note that successful
reversion or postponing of DPN in clinical glucose
control trials does not necessarily prove the glucose
hypothesis[142]. Glucose metabolism is regulated by insulin
via type B receptors (IR-B) abundantly expressed by liver,
skeletal muscle and fat cells. Insulin receptors, however,
are also expressed in central and peripheral nervous
systems[143,144]. Furthermore, in PNS the highest densities
of IRs are located on endothelial cells, paranodal loops of
Schwann cells and medium and small size primary sensory
neurons[143,144]. All these locations are strategically critical
points of PNS function considering what is known about
the pathogenic mechanisms of DPN. While the nervous
system has mostly type A receptors (IR-A), the insulin
affinities of these and IR-B receptors are similar (K0.5 is
3 to 6 ng/mL[145]) and well within the range of circulating
concentrations of insulin (1 to 6 ng/mL[12-17]). Thus, it is
very possible that correction of insulin levels in treatments
for Type 1 diabetes or insulin-sensitizing therapy in cases
of type 2 diabetes not only corrects glucose metabolism,
but also has independent effects on the function of PNS.
Serious consideration of this hypothesis is warranted,
first because it provides an explanation for at least some
failures of glycemic controls to reverse DPN, and second
because it may explain the development of DPN in prediabetic patients.
Insulinopenia (Type 1 diabetes and pre-diabetes)
As described in the Introduction, overt type 1 diabetes
is preceded by a state of partial pancreatic damage and
moderate insulinopenia in which insulin production is
still satisfactory for blood glucose control [11]. The type
1 pre-diabetic state is probably short and little is known
about neuropathy in these patients. The results of a
recently completed follow-up to DCCT study of type 1
diabetic patients, however, has shown that regardless of
the level of glycemic control, neuropathy is less prevalent
in the group of patients that maintained intensive vs.
conventional insulin therapy[146]. Further support for the
www.wjgnet.com
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Figure 8 Pain pressure thresholds are not correlated with hyperglycemia. Weight (A), blood glucose (B), nerve sorbitol (C) and pain pressure thresholds (D) in control,
STZ-normoglycemic and hyperglycemic rats (white, grey and black columns respectively; 2 wk after injection of 65 mg/kg STZ).

possibility of a direct role of insulinopenia in DPN comes
from experiments in the STZ-rat model of type 1 diabetes.
It was demonstrated that local insulin application to the
nerve prevents motor NCV slowing in STZ-hyperglycemic
rats[147]. Similarly, systemic[136] or intrathecal[89] application
of insulin can correct sensory and motor NCV in STZtreated rats without having an effect on hyperglycemia.
Finally, in our experiments in rats that were injected with
STZ and developed moderate insulinopenia but not fasting
hyperglycemia (Figure 8), pressure pain thresholds were
decreased in proportion to the degree of insulinopenia,
and low dose insulin-replacement therapy corrected this
defect without changes in the systemic blood glucose
level (Figure 9). Taken together these data suggest that
at least some signs of neuropathy (slowing of NCV,
pressure-evoked pain in rats) may indeed be triggered
by insulinopenia with no relevance to the blood glucose
level. Another notable aspect of these experiments is that
correction of nerve conduction[89,136,147] and pain pressure
thresholds (Figure 9) with insulin treatment could be
achieved without changes in systemic blood glucose levels,
leading to an important implication that the thresholds of
“metabolic” and “neuropathic” effects of insulinopenia
may differ.
To date, detailed infor mation on the relation
between insulin and nerve conduction is not available.
However, comparison of better studied “dose-response”
relationships between insulin, blood glucose and pain
pressure thresholds (Figure 10A) allows speculation that in
the rat, control of glucose metabolism may tolerate at least
www.wjgnet.com

five times lower insulin levels than does nerve function.
Given that this difference was confirmed in both animals
and humans, the outcome of these studies is of a great
importance. This finding may explain the development
of neuropathy in pre-diabetes and also suggests that
neuropathy may start at stages preceding pre-diabetes, and
some therapeutic interventions to correct insulin levels or
insulin resistance (see next section) are warranted in prediabetic patients.
Differences in threshold concentrations of a ligand
are usually determined by the differences in receptor
properties. However, insulin affinities of IR-B and IR-A
isoforms of the insulin receptor expressed in cells of
organs responsible for glucose metabolism and in nerve
tissue are too close to account for apparent differences in
the concentrations of hormone required for maintaining
normal blood glucose concentrations and normal pain
pressure thresholds [145] . On the other hand, strong
correlative relationships between insulin and pain pressure
thresholds (Figure 9A) suggest a nearly direct link between
insulin regulation and pressure pain mechanisms. The
hypothesis of spare receptors[7,8,10] is the easiest way to
explain this discrepancy. Thus as shown in Figure 10A,
both metabolic and neuropathic effects of insulin may
be described adequately within the concept of insulin
binding with the same affinity (K0.5 = 1 ng/mL) in nerve
and in glucose controlling organs, if 65% of the receptor
occupancy is needed to control nerve function, and only
10% of occupancy is required for glucose metabolism. Hill
equations were used in this simulation; however, since the
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Figure 9 Insulin-dependence of pain pressure threshold in STZ-normoglycemic rats. Two weeks after injection of STZ pain pressure threshold of STZ-NG rats is decreased
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purpose was merely to illustrate the potential possibility
of the given scenario, parameters of the equations were
adjusted by a trial and error approach and no attempt was
made to optimize the parameters. Some alternatives to this
scenario will be discussed in section 6.1 of this review.
Insulin resistance
Prevalence of type 2 to type 1 diabetes is about 9 to 1 and
most of the cases of human pre-diabetes are type 2 prediabetes or metabolic syndrome cases[24,125]. Over the longterm, insulin production is impaired in type 2 diabetes
further increasing the incidence of DPN in this population
by mechanisms described above. In a ten-year study of
the natural history of type 2 diabetic patients, it was found
that decreased serum insulin and increased blood glucose
concentrations are independent predictors of DPN[148].
However, in early type 2 diabetes and pre-diabetes there
is a compensatory hyperinsulinemia. Because of this
hyperinsulinemia type 2 pre-diabetes usually spans a much
longer period of time than does type 1 pre-diabetes. Thus,
after 5 years only 20% to 35% of patients with impaired
fasting glucose or impaired glucose tolerance develop
overt hyperglycemia (see[70]). Despite this compensatory
hyperinsulinemia, however, many type 2 pre-diabetic
patients do develop DPN[125,126]. This latter observation

suggests that in terms of neuropathic outcome, insulin
resistance and insulinopenia may be equivalent states. It
also suggests that increased production of insulin may
fail to compensate for decreased sensitivity of PNS to
regulation by insulin.
Not much experimental data exists to verify the validity
of either of these suggestions. In studies in normal human
volunteers, warmth detection threshold correlated with
insulin but not fasting or 2-h GTT glucose, leading the
authors to suggest that insulin resistance may determine
some sensory functions of PNS[149]. This is also supported
by observations of decreased NCV[141] and pressure pain
thresholds[86] and the authors’ unpublished observations
in the Zucker fatty rat model of type 2 pre-diabetes.
However, whether it is possible that hyperinsulinemia
is effective in regulating glucose metabolism but fails to
compensate for nerve insulin resistance is at this time
absolutely not known. Furthermore, it is unknown if this
mechanism plays a role in DPN associated with type 2
diabetes. In theory such a possibility does exist, and Figure
10B illustrates the scenario that we believe provides a
useful working hypothesis for future experiments. Using
“dose-response” relations as a starting point, shown in
Figure 10A, the insulin resistant state that leads to type
2 diabetes may be modeled as a decrease in affinity of
www.wjgnet.com
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IR from 1 to 20 ng/mL, which leads to proportional
rightward shifts of insulin-glucose metabolism and insulinnerve function relationships. If the requirements of 10%
and 65% occupancy of IR remain unchanged, maintenance
of normal glucose metabolism under these new conditions
will need about 6 ng/mL of circulating insulin and nearly
30 ng/mL insulin concentration will be the minimum
needed to maintain normal PNS function. The calculated
6 ng/mL insulin concentration is in the range of insulin
concentrations measured in Zucker fatty rats (5.1 to 11.7
ng/mL; model of compensated insulin resistance[150-152]).
These latter numbers are, however, significantly lower than
predicted by the model insulin concentration needed to
maintain nerve function. Therefore, it may be speculated
that the “set-point” or natural goal of compensatory
hyperinsulinemia is merely to correct glucose metabolism,
which is vitally important for the organism, with no
concern about the less significant problem of nerve
function.
Cellular mechanisms
Thus, while the connection remains speculative, the data
above suggest that impairment of insulin signaling in
PNS (because of decreased insulin production, insulin
www.wjgnet.com

resistance or both) may be an important factor in the
pathogenesis of DPN. Further studies are needed to
confirm this hypothesis and further studies are also needed
to understand the cellular mechanisms of insulin action in
PNS.
Glucose is a major fuel for neurons of peripheral and
central nervous systems. However, unlike that in major
target tissues of insulin regulation, uptake of glucose
in nervous tissue is an insulin-independent process.
Therefore, the simple explanation of the neural effects of
insulin to regulate the energy supply does not appear to be
applicable. There should be some other role of IR in the
nervous system. In the CNS, these receptors are involved
in the insulin control of feeding behavior, reproductive
and cognitive functions and neuromodulation[27,153]. Insulin
also clearly has neurotrophic functions. It stimulates
neurite outgrowth, is involved in peripheral ner ve
regeneration and is required for survival of sympathetic
neurons (see[27]). These effects are likely very important for
regeneration, which is suppressed in long-term DPN. For
short term diabetes, the possibility of insulin regulation of
axon-glia relationships, vascular permeability, and function
of nociceptive primary afferent neurons[143,144] may be of
importance. The possibility of a selective acute effect of
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insulin on endoneurial blood flow (decrease) was also
demonstrated by experiments in normal rats[154].
Note also that the neg ative cellular effects of
hyperglycemia and insufficiency of insulin signaling seem
to converge at some point. Pain pressure thresholds are
decreased in rat models of local hyperglycemia with a
time course and to a degree that is very similar to those
in STZ-nor moglycemic rats [101] . Since many studies
support oxidative/nitrosative stress as a central event of
hyperglycemic impairment, it is reasonable to suggest
that oxidative/nitrosative stress can interfere with insulin
regulation in some or all of the hyperglycemia-induced
steps of the pathogenic cascade depicted in Figure 6.
Insulin directly regulates inner mitochondrial membrane
potentials and may affect oxidative phosphorylation[136].
Insulin also suppresses expression of NADPH
oxidase [155] and controls expression of Nf- κ B and
associated inflammatory reactions[155,156]. In fact, the antiinflammatory effects of insulin have been known since the
discovery of the benefits of insulin therapy in systemic
inflammatory responses to trauma or bacterial infection[157].
Insulin signaling also was shown to be linked to the
regulation of Na, K-ATPase[158,159] and endothelial NO
production[158,160]. These data suggest that insulinopenia
does have the potential to produce the same or very similar
neuropathic effects as were attributed previously solely to
hyperglycemia.

OTHER FACTORS OF SIGNIFICANCE
While the above outlined insulin-signaling hypothesis of
DPN appears compelling, it will certainly be corrected
and modified in many of its segments to conform to the
results of future studies. It can also be stated here, without
reservation, that no complete picture of the pathogenesis
of DPN will be created unless the roles of insulin-like
growth factors and C-peptide are considered in addition to
hyperglycemia and insulin signaling in PNS[142].
Insulin-like growth factors (IGFs)
IGFs are produced in the kidney, spinal cord, skeletal
muscle and peripheral glia. IGFs possess multiple
neurotrophic functions, including control of neuronal
sur vival, neurite outg rowth and regeneration, and
expression of genes encoding axonal cytoskeletal proteins
(tubulins and neurofilaments)[142,161-166]. Interestingly, IGF-1
appears to be involved in the regulation of resistance
to oxidative stress [167]. IGFs primarily act via specific
receptors, but since IGFs are present in the circulation in
a 100-fold excess compared to insulin, they may also bind
to and activate IR, mimicking some but not all affects of
insulin[168,145,165]. It might be important in this regard that,
in peripheral nerve, IGF-I receptors are co-localized with
IR in sensory neurons[169,170] and Schwann cells[171] and a
large fraction of them are likely hybrids composed of
protein subunits of both IR-A and IGF-I receptors[143,169].
These hybrid IR/IGF receptors have substantially higher
affinity to IGF-I than to insulin [172,173]. However, even
when present in physiological concentrations, insulin may
still bind to and activate some portion of hybrid as well
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as homomeric IGF-I receptors[161,174]. In addition, IGF-I
may act by suppressing growth hormone and improving
insulin sensitivity and insulin production in type 1 and
type 2 diabetic subjects[174-178]. Insulin on the other hand,
may modify kidney production of IGFs, and via regulation
of IGF binding proteins, it may control the activity of
circulating IGFs[161,175,176]. Whether, any of these multiple
mechanisms participate in the apparent dissociation of
the metabolic and neuropathic effects of insulinopenia
remains to be determined.
Abnormal expression and levels of circulating IGFs
and/or changes in expression of receptors for IGF were
measured in diabetic human subjects [174], in STZ-rats
(see [179-181]), and in the type 2 diabetes Zucker diabetic
fatty (ZDF) rat model[86]. Furthermore, in obese Zucker
rats, both insulin- and IGF-I resistances were shown to
develop and mediate impaired glucose tolerance in this
model of pre-diabetes[182]. Thus potentially, via impairment
of protein synthesis, insufficiency of IGFs may add to the
pathogenesis of regenerative capacity, neurodegeneration
and irreversible stages of DPN [142]. This suggestion is
supported by observations of recovery of NCV and
reversion of atrophy of myelinated sensory axons in the
sural nerve of STZ rats treated with intrathecal IGF-I[89].
In addition, the defect in IGFs or IGF-receptor expression
could also add to the pathogenesis of early symptoms
of DPN either directly or through modulation of insulin
production or nerve sensitivity to insulin. Indeed, downregulation of IGF-I receptors, which is observed in nerves
of STZ-diabetic rats, occurs comparatively early, within 1
week after the onset of hyperglycemia[181]. Furthermore,
continuous subcutaneous infusion of IGF-Ⅱ was shown
to recover pain pressure thresholds to a normal level
after 6 wk of diabetes in the ZDF rat model[86]. The latter
observation is interesting because, in STZ-diabetic rats,
a similar magnitude and early decrease in pain pressure
thresholds seems to result from insulinopenia (see previous
section). Affinity of IGF-Ⅱ binding to brain type insulin
receptors or to IGF-I-R is two-three times lower than that
of respective natural ligands[145]. Therefore, the effect of
IGF-Ⅱ on mechanical hyperalgesia may still be explained
within the framework of our insulin signaling hypothesis
of early neuropathy. However, the possibility of a more
complex regulation of pain pressure thresholds cannot
be excluded. It is important also that in all the examples
above the effects of treatments with IGFs occurred with
no measurable changes in the glycemic status of studied
animals; once again suggesting that the pathogenesis of
DPN is multifactorial.
C-peptide
C-peptide is a segment of the proinsulin molecule sliced
off to form insulin. Acting through both its own receptors
and modulating activity of insulin receptors, C-peptide
produces multiple insulin and IGF-like effects [27,183,184].
C-peptide also enhances autophosphorylation of IR
and effects of insulin, and treatment with C-peptide
reverses decreased expression of IGF-I, NGF and
neurotrophin-3 receptors in type 1 spontaneously diabetic
rats[27,183,185]. Considering these effects and the fact that
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Figure 11 Modified scheme of pathogenesis of diffuse diabetic
neuropathy with inclusion of insulin signaling. According to this
view, the disease process starts before impairment of glucose
metabolism becomes apparent. Derangement of insulin
signaling in PNS triggers and maintains the neuropathy at this
stage. Postprandial and chronic hyperglycemia is not the least
important factor of DPN, but they become involved at relatively
advanced stages of DPN. C-peptide and IGFs insufficiencies
represent another important set of pathogenic mechanisms;
however, the role of these mechanisms in early DPN remains
undetermined.

C-peptide, insulin-like growth factors

C-peptide is secreted in equimolar concentrations with
insulin, it can be concluded that C-peptide insufficiency
may have an important role in the pathogenesis of type
1 diabetes [75,183,184]. In agreement with this implication,
in patients with recently diagnosed type 1 diabetes,
C-peptide treatment was shown to correct sensory NCV
and vibration perception [186]. C-peptide treatment also
corrects skin microcirculation in diabetic patients[187] and
endoneurial blood flow and NCV slowing [75], thermal
hyperalgesia, atrophy and degeneration of C-fibers[185] in
BB/Wor type 1 diabetes rat model.
As expected, no differences in plasma C-peptide levels
were found in pre-diabetic patients and patients with
type 2 diabetes of short duration (less than 5 years from
diagnosis), even though the number and severity of the
signs and symptoms of DPN differed substantially between
these groups[128]. What is less clear in the same study is a
lack of detectable deficiency of C-peptide in advanced
type 2 diabetes patients (more than 5 years) who could
have been expected to start developing insulinopenia. In
general, however, multiple questions remain to be resolved
in relation to C-peptide and its role and mechanisms
of action in DPN. Similar to conditions of chronic or
postprandial hyperglycemia or impaired insulin- or IGFsignaling, C-peptide deficiency appears to affect activity
of Na,K-ATPase, NO production and neurotrophism,
but the C-peptide mediated regulation does not appear to
depend on oxidative stress, which is apparently important
in the pathogenesis of these conditions[75,188]. It is also
not clear whether any of the symptoms may be directly
attributed to C-peptide insufficiency in DPN. Endoneurial
blood flow, NCV and heat nociception appear to be the
foremost candidates[186,187], but antioxidant treatments and
insulin replacement correct these abnormalities in STZ
rats at least as efficiently as does C-peptide replacement in
the BB/Wor rat model of type 1 diabetes.

CONCLUSION
DPN is a frequent and troublesome complication of diabetes mellitus. Diabetes manifests in a case-specific variety of signs and symptoms, and associates with complex
biochemical, functional and structural abnormalities of
the peripheral nervous system. While the obvious hyperglycemia present in diabetes can explain the development
of these abnormalities, data suggest that other factors may
also contribute. We have discussed the evidence for insuwww.wjgnet.com

linopenia in type 1 diabetes or insulin resistance in type 2
diabetes as causal factors in the development of DPN. We
have suggested that these two cases actually represent a
single cause of impaired insulin signaling. Considering the
role of insulin signaling in DPN more completely explains
the changes in nerve function in pre-diabetic or early diabetic patients and animal models. This does not preclude
hyperglycemia also as a factor in DPN, but allows a more
complete picture of the disease process (Figure 11). In addition to insulin signaling, some evidence also exists for a
role of IGF and C-peptide in mediating DPN. The pathogenesis of DPN is obviously multifactorial, and despite
long-standing efforts, remains poorly understood. This
work has also suggested that insulin signaling has effects
that occur with different levels of receptor occupancy.
Thus insulin action on nerve function requires a higher
level of receptor occupancy than does insulin action on
glycemic control. This could be explained by different
levels of receptor coupling to second messenger signaling
pathways in nerve versus liver or muscle. Future studies
should elucidate these mechanisms so that a clearer picture
of DPN can be obtained, especially in pre-diabetes where
early detection could improve therapeutic outcomes.
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Abstract
Using animal mesentery with intravital optical microscopy
is a well-established experimental model for studying
blood and lymph microcirculation in vivo . Recent advances
in cell biology and optical techniques provide the basis
for extending this model for new applications, which
should generate significantly improved experimental
data. This review summarizes the achievements in this
specific area, including in vivo label-free blood and lymph
photothermal flow cytometry, super-sensitive fluorescence
image cytometry, light scattering and speckle flow
cytometry, microvessel dynamic microscopy, infrared
(IR) angiography, and high-speed imaging of individual
cells in fast flow. The capabilities of these techniques,
using the rat mesentery model, were demonstrated in
various studies; e.g., real-time quantitative detection of
circulating and migrating individual blood and cancer
cells, studies on vascular dynamics with a focus on
lymphatics under normal conditions and under different
interventions (e.g. lasers, drugs, nicotine), assessment of
lymphatic disturbances from experimental lymphedema,
monitoring cell traffic between blood and lymph systems,
and high-speed imaging of cell transient deformability in
flow. In particular, the obtained results demonstrated that
individual cell transportation in living organisms depends
on cell type (e.g., normal blood or leukemic cells), the
cell’s functional state (e.g., live, apoptotic, or necrotic),
and the functional status of the organism. Possible
future applications, including in vivo early diagnosis and
prevention of disease, monitoring immune response and
apoptosis, chemo- and radio-sensitivity tests, and drug
screening, are also discussed.

www.wjgnet.com

© 2007 The WJG Press. All rights reserved.

Key words: Lymph microcirculation; Transmission
digital microscopy; Rat mesentery; Flow cytometry;
Photothermal technique
Galanzha EI, Tuchin VV, Zharov VP. Advances in small animal mesentery models for in vivo flow cytometry, dynamic
microscopy, and drug screening. World J Gastroenterol
2007; 13(2): 192-218

http://www.wjgnet.com/1007-9327/13/192.asp

INTRODUCTION
It is difficult to access the gastrointestinal tract with
powerful intravital high-resolution optical microscopy. One
unique exception is the mesentery, which has as its main
functions maintaining digestive organs in their proper
positions while simultaneously providing routes for nerves
and for blood and lymph vessels. To date, small animal
mesentery is a well-established experimental model for
studying blood and lymph microcirculation in vivo.
Historically, the first microscopic observation of
the mesenteric lymph microvessels of a guinea pig was
performed by Arnold Heller in 1869[1]. During the first
30-50 years of the 20th century, extensive in vivo studies
of mesenteric microcirculation were undertaken [2-4] .
In particular, the basics of capillary circulation were
first studied in rat mesentery [3]. Later, this model was
successfully used to study the fundamentals of the
microvascular physiology of blood (i.e., microvascular
rheolog y, hemodynamics, vasomotion, hematocrit,
permeability of the vascular wall, flow velocity) and
lymph (i.e., phasic contractile activity, flow velocity, and
the diameter of small lymphatics) systems [5-26]. Using
rat mesentery, Sekizuka et al [24] perfor med real-time
videoanalysis of contractile lymphatic motion in rat
mesentery and determined quantitatively the dynamics
of the frequency of these contractions. Benoit et al [22]
and Dixon et al[26] obtained basic data about relationships
among lymphatic contractile activity, vessel diameter, and
lymph flow velocity[23]. In particular, they established the
correlation between cyclic fluctuations of lymph velocity
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and vessel wall motion during the phasic contraction.
Most of the results related to microvessel diameter and
contractile activity were obtained with conventional
transmission optical microscopy alone.
The mesentery model has also been used to study the
effects of various hormones, mediators, drugs, and other
environmental impacts on microcirculation, including
the influence of histamine, norepinephrine, dopamine,
dobutamine, PO 2, substance P, L-NAME, methylene
blue, leukotrienes, histamine, platelet activating factor,
temperature, low-power laser radiation, X-radiation, and
others[3,20,27-34]. In particular, this model was used in the
first study of the effects of nitric oxide (NO) on lymph
microvessels in vivo: Shirasawa et al[35] showed the influence
of a NO synthase inhibitor on lymphatic diameter and
contractile activity, which was reversed after applying an
endogenous NO donor (L-arginine). This model has also
been employed to study microcirculation disturbances
in experimental models of diseases such as diabetes,
ischemia, hemorrhage, shock, inflammation, tumor, edema,
and others[2,4,13,21,22,36,37].
Recent discoveries in cell biology (e.g., identification
of the genes, such as VEGF-C and VEGF-D, expressed
by endothelium or endothelial g rowth factors for
lymphatics), along with advances in optical techniques
(e.g., lasers, high-speed digital cameras, powerful software)
have increased interest in this model and its capabilities
for studying the fundamentals of blood and lymph
microcirculation, including its potential for the molecular
imaging of individual cells in vivo[38-40]. Nevertheless, some
methods used in most experiments have limitations. For
example, the majority of the results about platelets [e.g.,
platelet thrombosis, or their interaction with white blood
cells (WBCs) or vessel walls], red blood cells (RBCs),
and tumor cells were obtained with what are currently
the most powerful techniques, such as fluorescent labe
ling[12,13,21,41-43]. However, despite significant progress in
the development of new labels[44-46] (e.g., quantum dots,
fluorescent-specific antibodies [47]), these techniques in
vivo (as in many other experiments in vitro) are potentially
subject to photobleaching (despite the short exposure
time), or cytotoxicity. Moreover, growing evidence
shows that fluorescence labeling may seriously distort
genuine cell properties, even without evident toxicity,
and cellular physiologic functions. For example, acridine
orange and Rhodamine 6G, traditional fluorescent dyes
for leukocytes, have been demonstrated to be mutagenic
and carcinog enic, and possibly cause phototoxic
effects [48-51] . Fluorescence imaging of lymphatics by
injecting fluorescein isothiocyanate (FITC)-dextran into
the interstitial space led to elevated interstitial pressure
and altered lymph viscosity[52]. These findings may raise
some concern about the kinetics of labeled cells in flow,
particularly about the main cause and the real rate of
cell elimination from circulation, the actual properties of
apoptotic or cancer cells, or the strong influence of the
tags due to phagocytosis, or the interaction of tags with
other cells[53-55]. All these concerns gain importance in in
vivo studies in humans, and add to interest in developing
label-free imaging. The mesentery model with advanced
optical technique can provide a good quality of label-free
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imaging of moving cells.
In mesenteric microvessels, the imaging of flowing
cells in vivo without any staining or labeling was realized
mainly with transmission microscopy for slow moving,
rolling (30-70 µm/s), and adhesive WBCs[10,12,14,15,17]. The
monitoring of single RBCs and their small aggregates
has usually been performed in two modes: 1) in selected
microvessels (small venules or capillaries) with slow flow
using a frame rate of 20-30 frames per second (fps),
or 2) using a short time-exposure mode (∼0.1-1 ms) by
which only single images of fast-moving cells can be
captured[56-58]. Only a few studies demonstrated relatively
high-speed imaging for measuring flow velocity in the
range of 750-2500 fps in blood flow, and approximately
500 fps in lymph flow[19,26,59]. Due to motion distortion,
these speeds are not quite fast enough to image shape and
subcellular structures of individual fast-moving cells. For
example, imaging in blood microvessels, with typical flow
velocities of 5-10 mm/s, requires imaging speed ranges of
5000-10 000 fps[58]. Additionally, simultaneous high-speed
imaging with high optical resolution of individual moving
cells has not yet been developed in vivo. This is crucial for
in vivo flow cytometry (FC).
In this review, which is based on our 15 years of
experience in this area, we summarize both our previous
data, which are scattered or presented in difficult-toaccess publications, as well as our latest achievements
in in vivo label-free FC, high-speed imaging, and vessel
dynamics, focusing on real-time monitoring of circulating
and migrating blood and cancer cells in blood and lymph
systems, and especially on our studies of microlymphatic
function in normal and pathological states and under the
impact of different therapeutic interventions.

FEATURES OF THE LYMPHATIC SYSTEM
Unlike the circular blood network, the lymphatic
vasculature is an open-ended system that transports
lymph from tissue to the blood system[60,61]. The initial
lymphatics collect fluid and cells from the interstitial space
of tissue and form the afferent (prenodal) lymph, which
is transported through valvular prenodal lymphatics to the
lymph nodes. In the lymph nodes, some fluid, debris, and
pathogens are removed from lymph, while cells (mainly
lymphocytes) are added to lymph. Lymph leaves the
lymph node by efferent collecting lymphatics, and passes
through the thoracic duct and enters into the inferior
vena cava. During this process, some cells and proteins
can re-circulate in the blood system-tissue-lymph systemblood system pathway. In contrast to blood, which is
moved by one motor, the heart, the motion of lymph is
primarily maintained by rhythmic contractions of vessel
walls, called phasic contractions. Such contractions are
initiated by pacemakers along vessels. Additionally, lymph
vessels have well-developed bicuspid funnel-shaped valves
(collagen sheets with filaments covered on both sides by
endothelium), which are dispersed at regular intervals along
the vessel and divide it into functional units-lymphangions
(the fragment of the lymph vessel between input and
output valves). The valves can block lymphatic lumen to
prevent (at least partially) backflow and contribute to a
www.wjgnet.com
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Figure 1 Label-free imaging of blood vessels in different animal models. Rat ear (with hair): A: External view of large vessel; B, C: transmission images of microvessel at
low magnification (4 ×) before (B) and after (C) topical administration of an optical clearing agent such as glycerol (arrows show microvessel); D: high-resolution image of
rolling WBC (arrow) in a venula (magnification 40 ×). Ear of nude mouse: E: external view of large vessels; F, G: transmission images of microvessels at low magnification
(10 ×) before (F) and after (G) topical administration of glycerol (arrows show microvessel); H: high-resolution image of individual RBCs in a capillary (magnification 100 ×); I:
large vessels in skinfold chamber of a mouse; J: transmission image of blood microvessel at low magnification (10 ×); K, I: high-resolution image of a venula before (K) and
after (I) topical administration of glycerol (40 ×).

unidirectional flow. Some external forces, such as muscle
contractions, respiratory movements, and intestinal
peristalsis, can also maintain lymph motion. In general,
lymph flow is turbulent, has an oscillating character, and
is slower than blood motion. The lymphatics in an entire
living organism have multi-level regulation, including the
central nervous system, hormones, and local substances
such as mediators, pH, and Ca ions[1,24,26,29,60-69].
Compared to the well-studied blood system, our
understanding of lymph function is limited; however, rat
mesentery, with its unique structure that we describe here,
may help to fill knowledge gaps in this under-explored
system. Below, we present a brief comparison of different
animal models emphasizing the advantage of rat mesentery
for monitoring single-cell transport under normal and
pathologic conditions.

ANIMAL MODELS
Microcirculation has been successfully studied using
optical microscopy in various animal models (e.g., rabbit or
mouse ear, hamster or mouse dorsal skin-flap window or
skin-fold chamber, or open cremaster muscle)[52-55,59,63,70-73].
The use of these models for high-resolution imaging of
individual flowing or static cells may be somewhat limited
because of significant light scattering from surrounding
tissue (e.g., skin or muscles) and/or the relatively deep
location of vessels below the skin. Image quality in these
www.wjgnet.com

particular models can be improved in two ways: (1) by
using thin hairless skin (e.g. ear of nude mouse ∼270 µm
thick), or (2) by decreasing light scattering using a recently
developed optical clearing method combined with spectral
selection (e.g. use a “green” filter to increase blood vessel
contrast)[74-77].
Figure 1 illustrates our few attempts using these models
and transmission microscopy to obtain high-resolution
images of individual cells in blood flow without staining.
In particular, we compared images of blood microvessels
of ordinary (i.e. with hair, Figure 1A-D) and nude (i.e.,
hairless, Figure 1E-H) ear skin of rats and mice, and with
mouse dorsal skin-fold chamber (Figure 1I-L). The best
results were obtained with the nude mouse ear model in
combination with optical clearing and a spectral filter in
the range of the maximum absorption of hemoglobin,
around 570-580 nm (Figure 1F-H). The dorsal skin-fold
model provided a poorer quality image of an individual
cell as compared with the RBC images of the skin-fold
chamber (Figure 1L) and with RBC images of nude mouse
ear (Figure 1H), and required an invasive procedure.
In general, even after many improvements, all of these
models provide monitoring of individual cells only in
selected capillaries with single-file flow (RBCs travel in one
line with the same velocity). In addition, the images of
colorless lymphatics in skin can be obtained mainly with
additional labeling with fluorescent or absorbing contrast
agents (e.g. FITC-dextran and dyes such as isosulfan blue,
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Figure 2 Imaging of lymph vessels using contrast agents in different rat models. Lymphatics labeled by a 1% solution of lymphazurin in muscles of (A) abdomen wall, (B)
tongue, and (C) pad.

lymphazurin, and others; Figure 2)[52,78-80]. However, these
procedures do not provide information on cell dynamics
in flow or valve functioning.
In general, the best targets for conventional transmission microscopy are relatively transparent animal
structures such as zebrafish, and vascular nets of the
hamster cheek pouch[63,81-84]; however, these models are not
ideal for studying lymph or blood vessels. The zebrafish
(tropical fish) model is very different from human anatomy
and physiology, and while the hamster cheek pouch model
is good for visualizing blood microvessels, the lymphatics
in the hamster cheek pouch are not well developed,
preventing us from simultaneously studying blood and
lymph systems, if desired.
To date, the best optical images of both lymph and
blood microvessels have been obtained in the mesentery
of small cold-blooded (frog) and mammalian (mouse,
cat, rabbit, guinea pig, and rat) animals. However, the
capillaries of frog mesenteric microvessels are relatively
larger in diameter and their sensitivity to environmental
impacts is markedly less than that of mammals [3]. Of
the mammalian models, the rat is an excellent model
in terms of size, physiology, and pharmacokinetics for
broadening medical applications, including single-cell
diagnostics[85-88]. Additionally, some rat models are able to
mimic select human diseases. This is particularly important
for understanding common mechanisms of microvessel
physiology and pathology (edema, inflammation, tumor),
as well as for studying specific features of mesenteric
microvasculature under normal conditions (to maintain
homeostasis in the abdominal space) and in mesenteryrelated diseases (e.g. mesothelioma, sclerosing mesenteritis,
panniculitis, acute mesenteric vein thrombosis, tumor
metastasis).
Mesentery consists of thin (8-15 µ m), relatively
transparent, duplex connective tissue, which is divided
into triangular, relatively transparent windows by arteries
(400-500 µ m in diameter) and veins (600-700 µ m in
diameter) obscured by adipose tissue (Figure 3D)[3,89-91].
The smaller branches of these vessels leave the adipose
regions and pass into the microvascular net (Figure 3E),
which spreads out into transparent areas. On the venous
side of the capillaries, there is an accumulation of initial
lymphatics (Figure 3E-G). These initial lymphatics then
pass into larger valvular lymphatics, which are located

parallel with and very close to the venules (Figure 3E, H).
Thus, rat mesentery triangulars contains all the typical
components of a microvascular net: a blood microvessel
network including ar terioles (diameter, 7-60 µ m;
velocity, 5-10 mm/s), venules (10-70 µm; 0.5-3 mm/s),
and capillaries (5-9 µm; 0.1-1.4 mm/s), as well as welldeveloped microlymphatic vessels (diameter, 50-250 µm;
velocity 0-7 mm/s) and clearly distinguishable initial
lymphatics with migrating cells [3,24,26,58,66,92-94]. Figure 3
shows typical images obtained with the optical schematics
portrayed in Figure 4.
The specific functional features of mesenteric
vasculature involve a considerable gradient of venular
permeability, a preponderance of fluid filtration, and
a relatively low proportion (~15%) of re-absorption
of interstitial fluid by capillaries [95,96]. Additionally, rat
mesenteric blood microvascular is characterized by many
communications between the capillary loops arising from
neighboring arterioles with well-developed arterio-venous
anastomoses, which shunt blood from arteriola to venula[3].
This structure can facilitate adaptation and maintenance of
blood flow under different conditions.
For medical imaging, the main advantage of mesenteric
microcirculation is that a single layer of blood and welldeveloped lymph microvessels lies in one plane (Figure
4B), which facilitates continuous observation of all
components of the microvascular network (from arteriola
to venula, together with lymph microvessels, Figure 3H),
as well as label-free, high-resolution imaging of individual
cells with almost ideal optical conditions (Figure 3I-N).
Light is slightly attenuated, mainly in the relatively thin
vessel wall, without any influence from other tissues, as
it is in other models. The refractive indexes in the typical
spectral range of 400-700 nm used for studies are lower
for rat mesenteric tissue (n = 1.38) than for rat skin (n =
1.40-1.42) and, especially, for the epidermis (n = 1.55) for
humans; thus, it is close to that of water (n = 1.33)[97]. As
a result, these optical and geometric features significantly
reduce unwanted scattered light, allowing the use of a
microscopic objective with a high numerical aperture
(up to 1.4) and high magnification (60× - 100×). Optical
reflectance spectra from lymph vessels obtained in vivo
with a fiber optic spectrometer (Model 1000, Ocean
Optics, Inc., USA) demonstrated slight spectral features
and time-dependence within 1-2 s (Figure 5), which can
www.wjgnet.com
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Figure 4 Integrated, multispectral FC in vivo. A: Typical
transmission image of rat mesentery segment with lymph
and blood microvessels; B: Schematic of the mesentery
cross-section.
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be explained by specific lymph flow oscillations [98]. An
additional advantage of the mesenteric model is the good
penetration of the reagents into the mesenteric lining.
Thus, the responses of the microvascular network to
different environmental impacts can be studied relatively
easily using a simple topical application.
T h e we l l - d e ve l o p e d p r o c e d u r e f o r p r e p a r i n g
rat mesentery for studying microcirculation include
anesthetizing the rat (ketamine/xylazine, 50/10 mg/kg,
i.m.), followed by a laparotomy by mid-abdominal incision
( ∼ 1 cm), gently exteriorizing the intestinal loop with
mesentery from the abdomen and positioning it on a
customized thermostabilizing microscope stage, which
maintains the body temperature at approximately 37.7℃
[2,3,22-28,35,58,66,94]
. The mesentery is bathed with a constant
diffusion of warm Ringer’s solution with a phosphate
buffer and 1% bovine serum albumin (37℃, pH 7.4). In
principle, these procedures may introduce some limitations
and artifacts related to the anesthesia, the minimal but
invasive surgical intervention, and periodic small vibrations
of the mesentery due to intestinal motion[19,99]. However,
according to experimental data gathered during at least 2-3
h of acute observation after microsurgery, these procedures
do not produce marked changes in microvessel function
(diameter, phasic activity, valve function, lymph flow) or
in metabolic or respiratory parameters. Furthermore, the
short timeframe during which the rapidly circulating cells
are in the microvessels of the exposed mesenteric area
significantly reduces the influence of this exposure on the
properties of the flowing cells. Additionally, to decrease
the effects of the surgical manipulations and to stabilize
the microvascular parameters, the monitoring of cells in
blood and lymph flow begins approximately 15 min after
the laparotomy[93]. Coating the intestinal loop with oxygenimpermeable plastic foil helps maintain stable physiological
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Figure 5 Time-resolved reflection spectra from the same point on the lymphatic
vessel (D = 128 μm) at different times.

parameters for up to 5 h[100]. Our data also demonstrate
that it is possible to repeat the surgical procedure to
periodically monitor the same microcirculation area during
the development of chronic pathology, even over a 2-mo
timeframe[101]. To exclude the influence of microsurgery
itself on the microcirculation, the data from experimental
groups were usually compared with those from the
corresponding control group, which undergo a midabdominal microincision without any other interventions.
In general, based upon our experience and the
experiences of other groups, this easy-to-access mesentery
microvessel model, which has significant features and
advantages (see above) with only a few minor limitations, is
a very promising vehicle for real-time monitoring, with the
highest optical resolution, of individual static, migrating,
and circulating cells (e.g. WBCs, RBCs, cancer cells, and
www.wjgnet.com
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many others). Such a model is essential for studying
immune function and the transport of proteins, cells, and
liquid between the blood and lymph systems under normal
and pathologic (lymphedema, metastasis, and many other
lymph-related diseases) states.

INTEGRATED IMAGING SYSTEM
Recent prog ress in optical techniques enabled the
development of a multi-module, multi-functional
experimental system that integrates transmission digital
microscopy (TDM), a photothermal (PT) method, a highly
sensitive fluorescent and speckle technique with advanced
charge-coupled device (CCD) or complementary metal
oxide semiconductor (CMOS) cameras (Figure 4). The
primary application of this system was for in vivo FC.
Indeed, although in vitro FC is a powerful, established
diagnostic method [102], only an in vivo study can assess
physiologic and pathologic processes involving cell
metabolism and cell-cell interactions (e.g., adhesion,
aggregation, rolling effects, migration through vessel walls)
in the real, complex environment of living organisms[53-55,84,
99,103]
. Further, invasive isolation of cells from their native
environment and their processing may not only introduce
artifacts, but also make it impossible to examine the same
cell population over long time periods. Adaptation of FC
for in vivo studies required overcoming problems related
to light scattering by vessel walls and surrounding tissues,
fluctuation of cell velocity, cell position in a vessel, and
precautions with labeling procedures[53,54].
TDM module
TDM was built on the technical platform of an upright
Olympus BX-51 microscope and provides the following
functions: (1) imaging of relatively large structures such
as lymph and blood microvessels with relatively low
magnification (4 × -10 ×, Figure 3H); (2) quantitative
dynamic evaluation of blood and lymph microvessel
diameter, parameters of lymphatic phasic contractions
and valve activity, and cell concentration in flow; (3)
determination of cell velocity in lymph flow by videorecording cell movement [so-called particle image
velocimetry (PIV)]; [18,19] (4) navigation of the pulse
laser beams on the desired area of the mesentery in
other optical methods; and (5) single-cell identification
at high magnification (40 ×, 60 ×, and 100 ×, water
immersion) [58,94,104]. In particular, the mesentery model
provides a unique opportunity to simultaneously image
in vivo, with the highest optical resolution ( ∼ 300 nm),
individual cells in blood microvessels (Figure 3L and M)
and small lymphatics (Figure 3F, G, I-K), tissue interstitium
(Figure 3O), and lymph nodes (Figure 3A and B) located
in the root of the mesentery and even in the liver.
T he imag es were recorded with several digital
cameras: a black-and-white Cohu 2122 and a color Nicon
DXM1200, with speeds up to 25 fps and a minimal
exposure time of 0.04 s. These speeds were sufficient
to image relatively slow-moving individual cells, such as
rolling leukocytes (30-70 µm/s), in blood flow (Figure
3M). We also used a highly sensitive CCD camera (Cascade
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650, Photometrics) with speed of up to 500 fps and
with a minimal exposure time of 0.1 ms. A high-speed
CMOS camera (model MV-D1024-160-CL8; Photonfocus,
Switzerland), with speeds of 10 000 fps for an area of 128
× 128 pixels and 39 000 fps for an area of 128 × 16 pixels,
provided high-resolution imaging of fast-moving RBCs
in blood flow (2-10 mm/s in arterioles and large venules,
Figure 3N) and WBCs in valvular lymphatics (ranging from
0 to 7 mm/s). Scion Image (Scion Corp.), Nicon software
(ACT-1), and WinX/32 V2.5.18.1 (Roper Scientific) were
used for processing, capturing, measuring, and editing
images of the moving cells.
Using TDM in the bright-field mode, the combination
of light absorption and scattering effects on cells made it
possible to visualize and identify most blood cells without
conventional labeling and vital staining. In particular,
due to relatively strong light absorption by RBCs, these
single cells in flow appeared mostly as dark objects in the
trans-illumination mode, while weakly absorbing WBCs
and platelets appeared either as light objects (e.g., in the
presence of many more strongly absorbing RBCs in blood
flow or with dominant scattering effects) or, in contrast,
as slightly dark objects (e.g., in the transparent plasma
without RBCs). In the “packed” flow, RBCs sometimes
exhibited bright margins or were seen as light objects due
to multiple scattering effects. This is because the light,
during propagation through many other RBCs and before
reaching the plane of focus, was significantly scattered
and attenuated through absorption, resulting in dominant
scattering light around imaged cells.
The integration of high-resolution and high-speed
monitoring improves PIV in the dynamic range and
enhances spatial resolution and measurement accuracy. In
particular, our technique enables us to measure the velocity
of individual cells up to 10 mm/s without marked optical
distortion of cell images in packed multi-file blood flow[104].
However, the low absorption sensitivity of TDM makes
it impossible to differentiate individual cells with slight
differences in absorption in fast flow in vivo (e.g. different
WBCs or cancer cells).
PT module
To detect low-absorbing cells, PT methods were used
with no cell labeling and inherence to scattered light.
With these methods, absorption by non-fluorescent
cellular components (most of which are naturally weakly
fluorescent) is measured by monitoring thermal (due to
picosecond-scale non-radiative relaxation of the absorbed
energy) and accompanying effects directly in cells[105-109].
For non-fluorescent samples, PT methods currently offer
the highest sensitivity for the absorption coefficient, on
the order of 10-5-10-6 cm-1, which makes it possible to noninvasively (a short-term temperature elevation ≤ 1-5℃)
detect a single, unlabeled biomolecule with a sensitivity
comparable to that of laser-fluorescence methods (i.e. with
labeling)[109-111]. This absorption sensitivity threshold of the
PT technique is at least four to five orders of magnitude
better (e.g., 10 -2-10 -3 cm -1 for single cells) than that of
TDM, with the capability to measure absorption spectra at
the subcellular level in weakly absorbing cells (e.g. WBCs
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or cancer cells).
Briefly, in the first PT imaging (PTI) mode, individual
cells were irradiated with a short, focused pump laser pulse
of a tunable optical parametric oscillator (OPO) laser
(wavelength, 420-2300 nm; pulse width, 8 ns; pulse energy,
0.1-103 µJ; Lotis Ltd., Minsk, Belarus; Figure 6)[109,112,113].
Time-resolved monitoring of temperature-dependent
variations of the refractive index around the absorbing
cellular structures or whole cells was accomplished with
thermal-lens (thermolens) or phase-contrast imaging
(Olympus BX51 microscope with a CCD camera; AE260E, Apogee Inc.) using a second, collinear laser pulse
of a Raman shifter (wavelength, 639 nm; pulse width, 13
ns; pulse energy, 10 nJ). In particular, in the phase contrast
mode, a customized phase-contrast microobjective (20
×) with a Zernike coaxial quarter-wave filter was used to
image the probe laser beam. The diameters of the pumpand probe-beam spots were varied 20-40 µm and 15-25
µm, respectively.
A second thermolens mode made it possible to record
a whole cell’s time-resolved integral PT response via the
defocusing effects of a collinear, intensity-stabilized HeNe laser probe beam (wavelength, 633 nm; diameter, 15
µm; energy, 2 mW) as detected with a photodiode through
a pinhole (0.5 mm). The PT response was recorded with
a Tektronix TDS 3032B oscilloscope. In the presence of
gaps between neighboring cells in lymph and blood flow
(typical for small lymphatics and blood capillaries), we
used a circular laser-beam geometry (Figure 6A). At short
distances, selected experiments were performed with an
elliptical beam shape (Figure 6C).
In contrast to TDM, the PT technique was able to
identify low-absorbing cells (e.g. normal and apoptotic
WBCs or cancer cells) in blood and lymph flow in vivo on
the basis of their differences in integral and local absorption
associated with specific heme proteins[58,77,94,114-118].
Laser speckle microscopy (LSM) module
Because of the varying velocities and trajectories of cell
motion in cross-sections of vessels, time-consuming TDM
is not well suited for rapidly estimating mean cell velocity
in the presense of many cells in flow. The limitations
of TDM were partially solved using the LSM technique
(Figure 7)[66,68,98,119-122]. Laser radiation from a focused HeNe laser beam (633 nm) scattered by a diffusely scattering

object has a specific, speckle structure (Figure 7A and
B), resulting from the interference of independent
contributions from a large number of randomly distributed
scattering centers. Detection of the speckle fluctuation’
s intensity (Figure 7C) with a photodetector provides
information of flow velocity estimated through the width
of the power spectrum of these fluctuations or from the
width of their autocorrelation function (Figure 7D and
E). Figure 7D illustrates the spectrum recorded for the
central part of a vessel (axial lymph flow), while Figure 7E
demonstrates spectra obtained at points placed near the
vessel wall. Such changes indicate that velocity decreases
from a vessel’s center to its periphery, which enables
monitoring of the profile patterns of lymph-flow velocity
for microlymphatics.
To increase its ability to measure the absolute
value and direction of flow, we also used the specklecorrelation mode, which uses two photodetectors to
record the intensity in fluctuations of the speckle field at
two points[123,124]. The described algorithm was verified in
vivo by measuring lymph flow in a lymphatic vessel with
LSM (Figure 7F curve 1) and TDM (Figure 7F curve 2).
There was relatively good correlation (coefficient of linear
regression = 0.72) between the two methods; however,
the LSM mode had advantages, such as rapid calculation
of lymph-flow velocity (compared to TDM). On the
other hand, combining LSM with TDM allowed us to:
(1) monitor the quantitative dynamics of cell velocity in
lymph or blood flow; (2) verify data from the speckle
method; (3) obtain a profile of lymph velocity through
the changing shapes of the speckle signal from the
center region to the near-wall region; and (4) determine
the dynamic relationships among changes in lymph flow
velocity and other functional activities of lymphatics. This
integrated schematic also has the potential for speckleimaging of mesenteric structures at cellular and subcellular
levels, including detection of individual cell rotation and
functional state (e.g., live, apoptotic, and necrotic) in
flow[118].
Fluorescent module
A fluorescence module was added to the integrated system
to verify PT data and for independent applications using
specific fluorescent tags to identify different cells with
similar shapes and sizes (e.g. lymphocytes and leukemia
www.wjgnet.com
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Figure 7 Integration of laser speckle and transmission
microscopies for studying lymph flow dynamics. A: A laser beam
was focused into a small-diameter spot (~5 mm) on axial lymph flow
(microvessel diameter 55 mm); B: Lymph flow randomly modulated
the focused Gaussian beam to provide scattered dynamic speckles
images; C: Scattered intensity fluctuations were detected by a
photodetector and transformed into an electrical output signal.
D and E: Spectral shapes from scanning the lymphatic crosssection: (D) the spectrum when the laser beam was focused in
axial flow and (E) when the laser beam was focused in flow near
the lymphatic wall; F: Real-time dynamics of lymph-flow velocity in
a lymph microvessel, recorded with a laser speckle technique (curve
1) and by processing the video recording (curve 2).
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cells) [116,94] . Fluorescent imaging was performed with
CCD cameras (Cascade 650, Photometrics, color Nicon
DXM1200) and a super-sensitive PentaMAX camera with
an intensifier (Princeton Instruments, Inc.).

STUDY OF MICROLYMPHATIC DYNAMICS
Label-free time-resolved lymphography
An essential ingredient in studying the functional activity
of lymph microvessels is to know when the observed
functions approximate normal conditions. The previously
described imaging system allowed us to obtain such
basic information on intact lymph microcirculation,
including quantitative measurements such as indices of
phasic contraction and valve function, the numbers of
microvessels with lymph flow, the numbers of cells in
lymph, and lymph flow velocity[58,66,101,125].
TDM images of rat mesentery at two relatively small
magnifications (4 ×, field of view 250 × 350 µm and 10
×, field of view 125 × 175 µm) allowed us to visualize the
initial (Figure 3F) and valvular lymphatics (Figure 3H), the
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vessel wall, lymphatic valves, and cells in lymph flow, as
well as neighboring blood microvessels. In particular, we
studied small valvular lymphatics with mean diameters of
147 ± 3 µm. Half of these lymphatics in a normal state
had spontaneous phasic contractions[101].
The rate (frequency) of contractions and contraction
amplitude (the percentage difference between maximum
and minimum diameters during contraction) var y
significantly[66]. Benoit et al[22] found that the lymphangions
with phasic contractions have mean end diastolic diameters
of 69.2 ± 6.5 µm and systolic diameters of 39.4 ± 5.6 µm
(i.e. an amplitude of 43%). In another paper, the same
authors showed that lymphatics with mean end diastolic
diameters of 106.9 ± 13.7 µm have a systolic diameter of
69.8 ± 8.8 µm (i.e. amplitude of 35%)[30]. From our data,
lymphangions had mean diastolic diameters of 147 ± 3
[58]
µm and amplitudes of 29% ± 9% . Thus summarized,
these data indicate that the larger lymphatics have smaller
amplitudes of phasic contractions. Our detailed analysis of
relationships between diameter and amplitude revealed that
the lymphangion with larger diameters have less amplitude
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80

60
Amplitude, (%)

(Figure 8, unpublished), which is in line with the results
presented above. In addition, we believe that the amplitude
of phasic contractions should be analyzed in relation to
valve activity; indeed, the amplitude of phasic contractions
in lymphangions with active valves was 31% ± 4%, while
in lymphangions with non-active valves it was only 6% ±
2%[66].
The majority of lymphatics with phasic contractions
(78%) have active valves, which periodically open and
close. An average activity rate (frequency of closingopening cycles per minute) was 9-12/min[58,66,101,125].
Cells are moved in 85% of lymphangions and they are
not found in 15% of lymphangions[66,125]. It is well known
that some parts of blood capillaries do not work normally[61]. We speculate that the same situation may occur in
lymphatics, in which activity can start under some specific
circumstances, for example during disease development
(e.g., lymphedema).
Lymph flow velocity is usually estimated by measuring
cell velocity. Our measurements with a conventional video
camera (25-30 fps) revealed that mean cell velocity in an
axial flow in the non-valvular central part of mesenteric
lymphangions (i.e. approximately equal distance between
input and output valves) is 211-262 µm/s on average, with
a maximum of 1-2 mm/s)[58,66,101,125]. When lymph flow
goes through the valve, the phase contraction leads to acceleration of flow because of the narrow valve nozzle. In
turn, this leads to significantly increased cell velocity.
Lymph usually moves in the forward direction for a
short period of time; then, the motion is interrupted and
the lymph stops for up to 1-1.5 s. After that, the lymph
flow starts in the reverse direction. Usually, cells oscillate at
a rate of 50-70 oscillations per minute[126]. Figure 9 shows
oscillations during 15 s in a non-valvular part of an individual lymphangion (mean diameter in the investigated site
= 170 ± 5 µm; mean cell velocity during the investigated
time = 168 ± 6 µm/s)[126]. In some rare microvessels, the
time-averaged velocity of lymph flow equaled zero. In
this case, lymphocytes only oscillated relative to a position
without the leak-back of lymph. Using a high-speed videotape recorder (2000 fps), Sekizuka et al[24] demonstrated
that maximum cell velocity in rat mesenteric lymphatics
was 2-3 mm/s. Later, using a relatively high-speed camera
(500 fps), Zaviewa et al determined that maximum cell velocity in some mesenteric lymphatics may reach 7 mm/s
and their oscillations correlate with phasic contractions[26].
Probably, such variability of cell velocity may result from
different experimental conditions.
It is important that the analysis of lymph flow requires
that we estimate both cellular and plasma velocities (analogous to blood flow). In fact, Starr et al[8] found that the
blood flow in cat mesenteric microvessels in vivo is characterized by a discrepancy between RBC and plasma velocities. This discrepancy is dependent on the elastic properties
of RBCs and flow dynamics, including plasma shear and
pressure field. We expect a similar phenomenon in lymph
flow, especially due to its oscillating character; however,
these effects require further quantitative verification.
Depending on lymph flow velocity and vessel structure,
cell distribution in the cross-section of the lymphangion
varies[58,66,125]. Most often, at relatively low velocities and/or
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Figure 8 Diameter-amplitude relationship in rat mesenteric lymphangion. Cyclesexperimental data, solid curve-approximation (A = 109.3-0.96 × D + 0.0024 × D2,
where A: amplitude and D: diameter).

in the non-active valves (80% of cases), cell distribution
was relatively uniform. However, at high velocities and/or
in functioning valves (20% of cases), most cells were concentrated near the vessel axis.
It is well known that lymph has markedly lower
concentrations of cells than blood. However, there is
relatively little data about cell concentration in prenodal
lymph. In particular, cell concentrations range from
200 to 1000 cells/ µ L in prenodal sheep’s lymph and
100 cells/ µ L in prenodal rabbit’s lymph [127,128]. It was
found that approximately 1 × 10 6 cells/h (1.7 × 10 4
cells/min) go through a single prenodal (afferent) sheep’s
lymphatic[129,130].
According to our data, the cell concentration in rat
mesenteric prenodal lymphatics is larger. Specifically,
we measured the number of cells in a 50 µm × 50 µm
square in the central part of a lymphangion from a rat
mesenteric microvessel using 2D-imaging[66]. Because the
depth of field was approximately 28 µ m, the number
of cells was determined in a 50 µm × 50 µm × 28 µm
volume (i.e., 7 × 10-5 µL of lymph). Data is summarized
in Table 1 (taking into account distribution of cells in a
cross-section of a lymphangion, see above). Finally, the
mean concentration of cells in the lymph flow of intact
mesenteric microvessels was estimated as approximately
0.5-1 × 105 cells/µL. From these data, the average percent
of cell fraction in lymphatics was 5.5%. This parameter
is analogous to hematocrit in the blood system, and may
be called lymphocrit. It is interesting that a 5%-6% level
of hematocrit can be found only in blood capillaries, as
compared to that in arterioles with diameters from 60-70
µ m, in which the hematocrit achieved 20%-30%. Cell
flux in the prenodal lymph was estimated to be 10-50
cells/s. The cell concentration in flow is usually higher in
vessels with higher lymph flow velocities, and is somewhat
correlated with the amplitude of phase contractions and
rate of valve activity[66]. Recent data obtained by Dixon
et al[131] with a high-speed video system and by capturing
multiple contraction cycles in rat mesenteric lymphatic
preparations with smaller diameters (91 ± 9 µm) revealed
that lymphocyte densities were 12 000 ± 5200 cells/µL
www.wjgnet.com
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Table 1 Relationship between lymphocrit and other parameters of microlymphatic function
Cell concentration,
cells/mL
Group 1

< 3.75 × 104
4

Lymphocrit Proportion of
%
Lymphangions
%
<2

4

22

Diameter
mm
106 ± 9a,b
a

Parameters of phasic contractions
Valve activity
Amplitude Count of contractions per minute
(%)
per minute		
50 ± 15a,b
a,c

12 ± 2

8 ± 0.5b

Cell velocity
(mm/s)
161 ± 191

Group 2

3.75 × 10 -12.2 × 10

2-6

45

141 ± 8

28 ± 7

12 ± 1

11 ± 1

254 ± 151

Group 3

> 12.2 × 104

>6

33

165 ± 9b

14 ± 5b,c

15 ± 1

16 ± 2.5b

214 ± 19

a

P < 0.05, vs Group 2; bP < 0.05, vs Group 3; cP < 0.05, vs Group 3.

and cell flux was 990 ± 260 cells/min.
The relationship between lymphocrit and pathologies
is still unknown. There are indications that the leg massage
of healthy rabbits stimulates lymph flow and increases
cell concentration, while leg edema due to venous
pressure rising is not accompanied by an elevation in cell
concentration[128].
Data about cell composition in afferent lymph are
very limited and have been obtained in in vitro tests. In
particular, 80%-90% of cells in normal prenodal lymph are
related to mature lymphocytes, 5%-20% to macrophages
and dendritic cells, and 0%-10% to other cells (e.g.
basophilic blast cells, RBCs)[127]. The composition of WBC
types changes based upon the pathology. For example,
it is estimated that there is a significanct appearance of
neutrophils in experimental peritonitis in sheep. Other
important problems are the mechanisms by which different
cells (e.g. metastatic tumor cells) enter into peripheral
lymphatics. Recently, Azzali studied tumor-associated
absorbing lymphatics in the peritumor area of fixed tissue
specimens (adenocarcinoma, melanoma, colorectal cancer)
using light microscopy, transmission electron microscopy,
and histochemistry with 3-D image reconstruction[132]. He
found that cancer cells can enter into lymphatics through
intraendothelial channels (1.8-2.1 µm in diameter and 6.8-7.2
µm in length). These results are very promising, but such a
mechanism remains to be proven in living cells in vivo.
Lymph and blood flow cytometry in vivo
We demonstrated the first application of the PT
techniques for lymph and blood PT flow cytometry
(PTFC) in vivo integ rated with TDM [94,115,116,133] . To
www.wjgnet.com

minimize cell image distortion due to spatial cell-radial
fluctuations in lymph flow (up to 50 µ m in 150- µ mdiameter lymph vessels), cells were imaged immediately
after passing through a lymphatic valve, which played the
role of a natural nozzle, focusing the cells near the vessel
axis (Figure 3J). Thus, lymphatic valves provided a natural
type of “hydrodynamic focusing” (a term used in in vitro
FC involving an artificial nozzle) to limit lateral fluctuation
of cells up to a few micrometers.
High-resolution and high-speed TDM imaging provides
a real-time monitoring of individual cells in blood (Figure
3L-N) and lymph flow (Figure 3I-K), as well as static and
migrating cells in the interstitium (Figure 3O), lymph
nodes (Figure 3A and B), and even in liver (Figure 3C)[58,94].
The high spatial resolution offered by TDM (300-500 nm
at 40× - 100× magnification with water immersion) makes
it possible to identify some types of moving cells based
upon their sizes and shapes (e.g. WBCs and RBCs; Figure
3K). We can even monitor the rotation of a single RBC
(Figure 10A-C) and visualize intralymphatic cell aggregates
of different sizes in intact microlymphatics (Figure
10D-F).
PT module in integrated FC allows us to obtain
PT images of flowing cells (e.g., lymphocytes, RBCs,
and leukemic cells) with an absorption sensitivity
approximately four orders of magnitude greater than the
sensitivity of transmittance microscopy (Figure 3K, left
and middle columns)[94]. In particular, PT images revealed
the subcellular structures of these cells (Figure 3K,
middle column) associated with the spatial distribution
of cytochromes in lymphocytes and cancer cells and of
hemoglobin in RBCs, which were not clearly visible with
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Figure 10 High-resolution monitoring of cell behavior in lymph flow. Top row (A-C): three sequential images of an individual RBC’s rotation in lymph flow (lymphatic
diameter 185 mm, mean cell velocity 220 mm/s, magnification 100 ×). Bottom row: moving aggregates of different sizes in lymph flow; D: Unstable aggregate of a few cells
in intact lymphatic; E: large aggregate of RBCs in lymph flow resulting from venous insufficiency; F: rouleaux formation when numerous RBCs appeared in lymph flow due
to laser-induced hemorrhage (magnification 100 ×).

TDM (Figure 3K, left column). Fluorescence images,
obtained with a high-sensitivity CCD camera with an
intensifier (PentaMAX, Princeton Instruments, Inc.),
showed high image contrast (Figure 3K, right column)
similar to that of PT images, although inconvenient
staining procedures were required. Specifically, leukocytes
were labeled with Rhodamine 6G. RBCs and K562 cells
were labeled with FITC and MitoTracker Red, respectively.
Because of differences in the optical properties of
normal and cancerous cells, especially mitochondrial
distribution[134,135], which can be visualized with the PT
technique, we can assume that PTFC has the potential to
distinguish these cells after further improvements.
PT-signal tracings from f lowing cells in blood
(Figure 11A) and lymph (Figure 11B-E) microvessels
were obtained as a function of time[116,94] . Due to their
different absorption properties, the significant (40-60-fold)
differences in the integral PT amplitudes from RBCs and
WBCs (lymphocytes) allowed us to distinguish cells using
only the thermolens mode (i.e. even without imaging).
Cells were also identified through differences in cooling
times (6-10 µs for RBCs, and 20-25 µs for lymphocytes).
PT signals from RBCs in blood flow showing a purely
positive component indicate a linear positive PT response
from the cells at a low laser energy level with no cell
damage (temperature increase is usually 5-10℃, Figure
11A). The amplitude differences indicate differences in
average absorption and reflect the natural heterogeneity of
RBCs. The negative signal component from cells in lymph
flow presented in Figure 11D is related to laser-induced
photodamage through bubble formation around strongly
absorbing cellular zones that have been overheated. The
presence of both positive and negative components in
the PT-signal amplitude tracing (Figure 11E) indicated
a noninvasive condition for lymphocytes (which have a

A

B

C

D

E

Figure 11 Typical PT-signal tracings from blood cells in blood and lymph flow: A:
RBCs in blood flow; B: rare RBC in lymph flow; C: growing number of RBCs in
lymph flow during laser-induced hemorrhage; D: laser-induced damage of RBCs in
lymph flow and lymphocytes in lymph flow in linear and nonlinear PT modes; and
E: lymphocytes and RBCs in lymph flow. Laser parameters: wavelength, 525 nm;
energy/amplitude/time scale/division: (A), 0.3 mJ/50 mV/100 ms; (B), 0.5 mJ/20
mV/1 s/div; (C) 0.6 mJ/100 mV/200 ms/div, (D) 5 mJ/500 mV/4 s/div; and (E) 145
mJ/100 mV/10 s, respectively.

high photodamage threshold) and an invasive condition
for RBCs (which have a low photodamage threshold) at
the same energy level. Decreasing the laser energy level
www.wjgnet.com
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Figure 12 High-resolution, high-speed monitoring of cells
in blood flow. RBCs are indicated by conventional arrows
and triangle; rolling WBCs by arrows originating from
filled circles; and direction of flow by dashed lines. A-C:
behavior of normal RBCs and WBCs in flow (1250-2500
fps; 40 ×); D: The shapes of normal (left) and diamidetreated (middle) RBCs in single-file flow of small venula
(diameter ~10 mm), and (right) adhesion of diamidetreated RBCs to wall of the relatively large venula
(diameter -40 mm).
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allows us to selectively identify rare RBCs in lymph flow.
For example, Figure 11B shows the detection of single
RBCs at a low laser energy level. This level did not produce
notable PT signals from the many lymphocytes in lymph
flow because of their low absorption. Laser-induced vessel
injury led to a fast-growing number of RBCs in lymph flow
(Figure 11C). The next tracing shows that the PT signals
from RBCs at a relatively high laser energy level led to cell
damage (Figure 11D).

HIGH-SPEED IMAGING OF INDIVIDUAL
CELLS IN FAST BLOOD FLOW
This technique, using an advanced high-speed CMOS
www.wjgnet.com

camera, reveals the high deformability of parachute-like
RBCs as they are squeezed at 0.6 mm/s through a narrow
gap between the vessel wall and rigid adherent cells on the
opposite wall (Figure 12A)[104]. It also shows how quickly
the relatively fast-flowing RBCs (∼1 mm/s) change shape
as they interact with the much more slowly moving (socalled rolling) leukocytes (∼0.1 mm/s; Figure 12B). We
also observed significant dynamic deformation of two
RBCs in merging flow streams in a bifurcation zone (Figure
12C), and extremely fast stretching (0.4 ms at 2500 fps)
of initially discoid RBCs to ~0.7-0.9 µm (Figure 3N). Our
technique has provided relatively good contrast images of
both slow- (20 µm/s, Figure 3L, left) and fast-flowing (2.5
mm/s) single platelets in blood microvessels. The bestquality images of platelets were obtained in the RBC-free
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space of the microvessel lumen.
We also perfor med time-resolved monitoring of
cell deformability. In particular, diamide (20 mg/kg)
was injected in a rat’s tail vein to increase the rigidity of
RBCs in vivo. We observed a drug-induced decrease in the
deformability of RBCs in fast blood flow (up to 5 mm/s)
compared to RBCs in normal conditions, with maximum
centrifugal forces acting on cells in curved capillaries
(Figure 12D, left and middle). In addition, diamide led to
adhesion of abnormal RBCs to vessel walls (Figure 12D,
right). To our knowledge, this was the first time that these
phenomena have been observed with high-speed, highresolution imaging in vivo. After additional study, potential
applications of this technique may include fundamental
studies of dynamic cell-cell interactions in native flow or
the identification of abnormal cells (e.g., cancerous cells or
sickle RBCs) using their different dynamic deformability
as new biological markers that are sensitive to disease
development or to different interventions.

IMAGE CYTOMETRY OF STATIC CELLS
AND TISSUE STRUCTURES
Interstitium
Figure 3O shows typical high-resolution TDM images
of mast cells, adipocytes, and slow-moving RBCs in
mesenteric interstitium[58,101]. This technique also provides
distinct images of fibrils, as well as other static and
migrating cells. In some cases, the phase-contrast images
demonstrated better contrast of margins and sub-cellular
structures for selected single cells in interstitium than does
non phase-contrast at high magnification (100 × , with
water immersion), which prevents overlapping refractive
heterogeneities of connective tissue (see images of mast
cell and adipocytes in Figure 3O).
Lymph and blood microvessel walls
With TDM, we obtained high-resolution images of (1)
distinct individual blood endotheliocytes (EC) of the
capillary wall (Figure 3L, left); (2) the initial lymphatic
wall with cells (e.g. leukocytes) migrated from interstitium
(Figure 3G); and (3) lymphatic wall and valvular cusp
structures of larger vessels[58].
Lymph node
Using a minimally invasive procedure, we demonstrated
real-time, in vivo monitoring of individual cells in different
domains of mesenteric lymph nodes (e.g., medullary sinus,
light and marginal zones of marginal sinus) in their native
state (unpublished data, Figure 3B)[94].

STUDY OF ENVIRONMENTAL IMPACTS
ON LYMPHATICS
To date, the effects of environmental and therapeutic
interventions on blood microcirculation have been studied
in appropriate detail in humans and in different animal
models, including the rat mesentery; however, the lymphatic
system has received much less attention in spite of the
many biological and medical problems associated with
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microlymphatic functioning and its disturbance in different
diseases, including cancer metastasis, venous insufficiency,
infections, inflammation, lymphatic malformations, and
especially lymphedema[29,40,62]. To partially fill this knowledge
gap, we used a rat model with an integrated optical
technique to quantitatively study lymph and blood dynamics
under different impacts, including chemical, drug, and
physical interventions. In our study, we chose interventions
that have effects on lymphatics that are unknown (dimethyl
sulfoxide); incompletely known (β-adrenoceptor agonist
and β1- and β2-adrenoceptor antagonists, donors of NO,
low-power laser radiation); or controversial (inhibitors of
NO-synthase). These effects were studied by real-time
monitoring of the diameters and parameters of phasic
contractions, and changes in lymph flow velocity, valve
activity, and cell behavior in microvasculature.
Effects of adrenergic agonists and antagonists
One of the most important regulators of the vasculature is
adrenergic regulation through α- and β-adrenoreceptors[61].
The effects of adrenergic agonists and antagonists on
diameter and phasic contractions of microlymphatics
have been described in in vitro or in vivo tests[22,29,30]. It is
known that norepinephrine applied topically or injected
intravenously instantly reduces the diameter and increases
the contraction frequency of rat mesenteric lymphatics,
while isoproterinol has opposite effects[29]. Moreover, the
attempts to study the effects of α-adrenoagonists and
antagonists on lymph flow in microvessels were made using
calculated parameters of lymph outflow (as calculated with
the following assumptions: strongly cylindrical, unchanging
geometry of lymph vessel with unidirectional lymph
flow)[22,30]. It was shown that α-adrenergic regulation of
lymph outflow in mesenteric lymphatics is through α1receptors[30].
In our tests, we clarified the effects of a β-adrenoceptor
agonist and antagonist (and their subtypes) on cell flow
velocity via the direct monitoring of lymph flow, and
determined the relationships between cell velocity and
other parameters of microlymphatic function (diameter,
amplitude and rate of phasic contractions, rate of valve
activity) (Table 2). Isoprenaline, a β-adrenoceptor agonist,
(10-5 mol/L, 15 min of topical application) caused doseand time-dependent responses: 5 min following topical
application, the percentage of contracting lymphangions
was decreased from 60% to 33% and lymph flow velocity
was inhibited from 134 ± 13 µ m/s to 82 ± 19 µ m/s
(P < 0.05). Then, at 15 min, 40% of lymphangions
exhibited lymphostasis accompanied by vessel constriction
and depression of phasic activity. The adrenoceptor
antagonists metoprolol (β1) and butoxamin (β2) were also
applied topically at the same parameters (10-5 mol/L, 15
min). Both antagonists stimulated phasic contractions
in non-active lymphangions. However, the effect of
metoprolol was more marked, increasing the proportion
of microlymphatics with contractile activity to 66%, while
butoxamin stimulated phasic activity in only 32% of nonactive lymphangions. As a result, metoprolol’s action
significantly increased lymph flow velocity (from 136 ±
14 µm/s to 198 ± 24 µm/s, P < 0.02), while it did not
change with butoxamin. Based upon this data, we assume
www.wjgnet.com
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Table 2 Effects of 15-min topical application of different vasoactive drugs on lymph microvessel functions
Drug

                                     Diameter          Phasic activity

             Lymph flow velocity

Sodium Nitroprusside (10-5 mol/L)

Dilation

Slight short-time inhibition

Unchanged

N-Nitro-L-Arginine (10-4 mol/L)

Unchanged

Stimulation

Stimulation

Isoprenaline (10-5 mol/L)

Constriction

Inhibition

Inhibition up to stasis

Metoprolol (10-5 mol/L)

Unchanged

Stimulation

Stimulation

Butoxamin (10-5 mol/L)

Unchanged

Slight stimulation

Unchanged

Dymethyl Sulfoxide, (30%)

Constriction

Stimulation

Stimulation in 50% of lymphangions
Inhibition in 39% of lymphangions (without phasic contractions)

Table 3 Effects of 30% DMSO at the topical application on blood microvessel diameter
Arterioles
Before application

Venules

16.5 ± 0.49

25.3 ± 0.69

16.1 ± 0.79

24.9 ± 0.74

34.8 ± 0.66

1 min

17.4 ± 0.67

25.8 ± 1.09

18.6 ± 0.98a

29.6 ± 1.29a

39.0 ± 2.25

2 min

16.9 ± 0.83

28.1 ± 0.80a

19.2 ± 1.11a

28.9 ± 1.33a

38.8 ± 1.53a

After DMSO application

Significant differences from state before application, aP < 0.05.

that lymph microvessels (and probably similar large lymph
vessels), have β1- and β2- adrenoceptors.
No effects
Another essential regulative substance of lymph mesenteric
microvessel function in vivo is nitric oxide (NO)[35,66,136,137].
According to our data, intravenous injection of an
NO donor (sodium nitroprusside, 100 µg/kg, i.e. drug
concentration in blood is 5 × 10-5 mol/L) caused slight
dilation of lymphatics within 30 min [136] . However,
sodium nitroprusside does not affect lymph flow. The
response of lymphatics to direct topical application of
sodium nitroprusside (10-5 mol/L, 30 min) was similar
but more intense: dilation of lymphangions for 25 ± 2.5
µm was accompanied by slight transient inhibition of the
proportion of lymphatics with phasic contractions and
active valves[137].
While the hyper-production of NO does not change
lymph flow, the inhibition of NO synthesis stimulated
lymph motion (Table 2). Topical application of N-nitro-Larginine, a known inhibitor of NO (10-4 mol/L, 30 min),
first caused (fifth minute of application) a short-term
decrease in the amplitude of phasic contractions (from
23% ± 3% to 11% ± 1%, P < 0.001) and stimulation
of valve activity (rate of valve activity increased from 6
± 1 to 11 ± 2 per min, P < 0.05)[66,137]. Then, from the
tenth minute, we observed permanent stimulation of
phasic activity and lymph flow. Shirasawa and coauthors
concluded that a 15-min application of an NO donor and
an inhibitor of NO synthase portray the direct effects of
NO on microvessel walls[35]. Therefore, we speculate that
NO can regulate lymph flow in microvessels due to (at
least, partly) the direct action of NO on the endothelium
and the smooth muscles of lymph microvessel walls.
Pharmacological effects of dimethyl sulfoxide (DMSO)
DMSO has a wide spectrum of biological activities,
www.wjgnet.com

including high penetrating activity and significant
vasoactive effects on blood vessels[138,139]. It is used for
local treatment of trauma, arthrosis, and rheumatoid
a r t h r i t i s [140,141]. T h e e f f e c t s o f D M S O o n t h e
microlymphatic system are unknown. Experimental studies
have revealed that a 30-min topical application of 30%
DMSO caused specific, dynamic microvascular changes in
blood and lymph[66,142]. Immediately after application (within
the first minute), there was stasis within 100% of venules
and 85%-95% of arterioles, with significant dilation
(dilation began earlier and the diameter increased more
in venules than in arterioles) and hemorrhaging around
venules (Table 3). The marked responses of lymphatics
started later (15 min of DMSO application), and appeared
as a significant increase in lymph-flow velocity from 190 ±
12 µm/s (before DMSO application) to 233 ± 20 µm/s (P
< 0.05) accompanied by stimulation of phasic contractions
in 21% of lymphangion and decreasing of diameter.
In parallel, the 39% of lymphatics is characterized by
lymphostasis development (Table 2). Obtained on DMSO’
s impacts on lymph and blood microvascular function can
be used for assessment the possible side effects of this
drug.
Effect of low-power laser irradiation
Publication of the positive clinical effects of lowpower laser therapy, including lymphedema treatment,
stimulated our interest in studying lymphatic response
to this radiation [143-145]. The effects of low-power laser
radiation (He-Ne laser) on intact lymph microvessels
were studied at three radiation intensities-450 mW/cm2,
45 mW/cm 2, and 14 mW/cm 2-each with an exposure
time of 15 min [66,136,146] . Laser power of 14 mW/cm 2
did not have a significant effect on lymph microvessel
function. After 5 min of irradiation at 45 mW/cm2, 70%
of lymphatics were dilated an average of 8 ± 1 µm (P
< 0.01). After 15 min, the proportion of microvessels
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Figure 13 The percentage of lymphangions exhibiting phasic contractions during 30 min of irradiation with a He-Ne laser (450 mW/cm2).

that were dilated (60%-70%) did not change, and phasic
contractions appeared in 21% of lymphatics. When the
lymphatics were irradiated at the highest laser power (450
mW/cm2), similar dilation of the majority of microvessels
was observed. Simultaneously, 15 min of laser radiation at
450 mW/cm2 significantly stimulated contractions within
a larger number of vessels (45%) than did irradiation at 45
mW/cm2. The mean contractile amplitude of irradiated
vessels was 1.5-fold greater than that of intact lymphatics
(44% ± 5% compared to the amplitude of spontaneous
contractions of 29% ± 9%). Increasing the irradiating
time up to 30 min at 450 mW/cm2 did not change the
degree of lymphatic dilation and just slightly increased the
proportion of lymphatics with phasic contractions (Figure
13). These laser effects were maintained up to 30 min after
irradiation. None of the doses of laser radiation affected
how the valve functioned. Thus, our data is in line with the
results of Carati et al[32] in that low-power laser radiation
may improve lymph drainage by stimulating phasic
contractions and by dilation of microvessels.
High-power laser treatment of vascular abnormalities
Rat mesentery microvasculature is very useful as a model
for laser treatment of port-wine stains and other vascular
abnormalities. In particular, in one study, rat mesenteric
blood vessels were irradiated with a laser pulse (585
nm, 0.2-0.6 ms pulse duration, 0.5-30 J/cm 2 radiant
exposure)[147]. Video microscopy was used to assess vessel
dilation, formation of intravascular thrombi, bubble
formation, and vessel rupture. Changes in reflection during
a laser pulse were measured by simultaneously recording
the temporal behavior of the incident and reflected light.
A threshold radiant exposure of approximately 3 J/cm2
was found to produce changes in the optical properties of
blood in vivo, confirming previous in vitro results. Often,
laser exposure induced a significant increase in vessel
diameter, up to three-four times the initial diameter within
200 ms after laser exposure. Sometimes, immediately
after the pulse, round structures, interpreted as being gas
bubbles, were seen within the vessel lumen.
We obtained similar results in our study with a 10 ms
laser pulse (585 nm, 0.5-30 J/cm2 radiant exposure). In
addition, local hemorrhaging around venules with rupture

of venular walls occurred at lower radiant exposures
than in arterioles with smaller diameters (due to the
more effective cooling effects in smaller vessels; Figure
14A and B). For the first time, significant constriction of
neighboring lymphatics was observed, up to obliteration of
lumina and lymph stasis (Figure 14C and D). Additionally,
hemorrhage in the interstitium led to the entry of many
RBCs (visualized as distinct red points by TDM) into the
lymph flow. The PT mode of integrated PTFC proved this
fact. In particular, PT-signal tracing specific for RBC laser
energy levels showed a growing number of RBCs in lymph
flow during laser-induced hemorrhage (Figure 11C).
Preliminary data from intravenous injection of 100-nm
gold nanoparticles followed by laser irradiation of the
mesentery demonstrate a decrease in the blood vessel
damage threshold (approximately 3-5 times) compared
to the damage induced without nanoparticles, despite the
sub-optimal parameters of the laser used [wavelength was
outside the maximum absorption of the nanoparticles
(~525 nm), and of relatively long pulse duration].
Nevertheless, to our knowledge, this was the first
demonstration of the application of nanotechnology to
treat blood vessels with laser-activaded gold nanoparticles
and their nanoclusters[148-154].
Combined action of laser and drugs
Sodium nitroprusside increased the sensitivity of lymph
microvessels to low-power He-Ne laser radiation[136]. After
intravenous injection of sodium nitroprusside (100 µg/kg),
application of He-Ne laser radiation at the lowest power
(14 mW/cm2 for 15 min) stimulated phasic contractions
in 44% of lymph microvessels against a background of
stable dilation caused by the drug. Contractions occurred
at a rate of 6-25/min and had amplitudes of 8-22 µm.
In comparison, this dose of laser radiation alone had
no notable effect on the phasic contractions of intact
microvessels. Such an approach could have great potential
for developing innovative therapies for some diseases (e.g.,
lymphedema).
Nicotine intoxication
Nicotine, an important component of cigarette smoke,
was shown to be indirectly responsible for inducing
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Figure 14 Effect of a laser pulse (585 nm, 10-ms pulse duration, 0.5-30 J/cm2 radiant exposure) on blood and lymph microvessels in vivo. A: Intact venule (V) and
arterioles (A1 and A2) with good blood flow; B: Damage to these microvessels immediately after laser pulse: local hemorrhage (arrow) around the venule (V) and stasis in a
small arteriole (A2); C: Intact lymphatic (L) before laser pulse (black dash line shows internal margin of lymphatic wall); D: Laser-induced constriction of the lymphatic, which
coincided with stasis in neighboring venules.

pathology in many tissues, both human and animal[155-157].
Exposure to cigarette smoke increases the nicotine level in
the blood to a maximum in less than 10 s. Therefore, the
immediate responses of the vascular network to the action
of nicotine appear to be important in the development of
acute pathology. The pathological effects of nicotine on
blood microcirculation have been reported in sufficient
detail, but its impact on the lymphatic system remains
obscure.
We uncovered the first experimental evidence of
potential active participation of lymph microvessels in the
mechanisms of nicotine’s effects in vivo[158]. The influence
of nicotine on microlymphatics was determined using
three routes of nicotine administration: (1) direct topical
application in various concentrations (0.001 mmol/L,
10 mmol/L, and 100 mmol/L solutions) for 15 min; (2)
acute injection of nicotine solution (10 mmol/L) through
a cannulated vein; and (3) chronic administration for 14 d
via subcutaneous injection from a mini-osmotic pump (10
mmol/L solution; 0.5 µL/h delivery rate).
The topical application showed that the most significant
responses of microlymphatics to nicotine’s impact were
at 10 mmol/L and 100 mmol/L doses. In particular,
the concentration of 10 mmol/L caused a significant,
immediate short-term (12-40 s) constriction of 100%
of the lymphangions. The effect started within 3-5 s of
application (67% of cases) or after ~3 min of nicotine
exposure (33% of cases). The lymphatic diameter
was decreased by 34% ± 7% (more than ~2 times the
amplitude of spontaneous phasic contractions before
nicotine application). In all cases with the highest
www.wjgnet.com

concentration of nicotine (100 mmol/L), the same
immediate constrictions were associated with the slowing
of lymph flow, local stable constriction of lymph
microvessels, asynchronous motion of the lymphatic
wall, stasis in blood microvessels, and disturbances of
respiration. Thus, under the direct impact of nicotine,
there were significant changes in small lymphatic
function in vivo, which were dose and time dependent. We
hypothesize that the obtained effects were the result of
the direct action of nicotine on lymph microvessels and
probably reflect specific endothelial dysfunction and/or
injury of the contractile ability of the lymphatic wall.
Acute nicotine intoxication delivered intravenously
slightly relaxed the lymphatics and was sometimes
accompanied by slowing of lymph flow and short-term
stasis in blood microvessels. Chronic intoxication using
a 10 mmol/L concentration (effective at the topical
application) did not markedly change the function of
lymphatic and blood microvessels and did not differ
markedly from that in the intact state. The absence
of effects may be the result of adaptation of the
microcirculation to the action of nicotine.
Thus, nicotine induces marked changes in small
lymphatic function via its acute, direct impact in vivo. The
observed microlymphatic disturbances due to the action of
nicotine may be an important mechanism in the complex,
immediate reaction of a healthy organism to cigarette
smoke. The acute lymphatic damage caused by nicotine
could be more crucial in some pathologies or treatments,
and suggests that nicotine may contribute to vascular
abnormalities and tissue edema.
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EXPERIMENTAL MODELING OF
DIFFERENT PATHOLOGIES
Damage to lymph microcirculation is an important
mechanism underlying the development of many diseases
(e.g., tumor, inflammation, infections, intoxications,
lymphedema, lymphatic malfor mation) and often
determines their severity[29,40,62,159]. Because rat mesentery
is a highly infor mative in vivo model for functional
analysis of lymph microdynamics, this animal model was
used by us to study the mechanisms of microlymphatic
disturbances resulting from different pathologies, such as
models of staphylococcal intoxication, pathological stress,
lymphedema, and venous insufficiency.
Staphylococcal intoxication
It is well known that α-toxin (α-hemolysin) is the protein
produced by Staphylococcus aureus and causes serious blood
circulatory disturbances with its appearance in blood
during staphylococcal diseases; however, its effect on
lymph microcirculation is still poorly understood[160-162]. In
our study, we used an exotoxic complex (ETC) produced
by culture Staphylococcus aureus O-15[66,142,163-166]. The main
component of this complex is α-toxin (titer ~ 1:640);
additionally, it contains a small amount of δ-toxin (titer
~ 1:64). Endotoxins, enterotoxins, and protein A are
completely absent.
The staphylococcal intoxication was introduced by
intravenous injection of ETC (0.2 mg/100 g) into the
tail vein, after which we monitored microcirculation
for 30 min. This dose caused serious intoxication.
Animals with acute exotoxic shock (those dying within
30 min of ETC introduction) were excluded from the
analysis. Disturbances of lymph microcirculation began
immediately; after 1 min, the diameters of 75% of
the lymphatics were slightly decreased (by 7 ± 2 µ m).
Between the fifth and tenth minutes of observation, in
parallel with vasoconstriction, ETC induced pathologic
phasic contractions, characterized by asynchronous wall
motion, in half of the lymphatics. After 30 min, lymphatic
disturbances were expanded by the development of
lymphostasis in 53% of cases.
The resulting effects were due primarily to the
direct action of the toxic complex on the lymphatics,
as the topical application of ETC in the investigated
microlymphatics caused similar microvascular disturbances
during a 60-min period. In particular, after a short latent
period (58 ± 9 s), ETC induced marked decreasing of
lymphangion diameters (36 ± 11 µ m from the initial
diameter) and stimulated pathologic phasic contractions
in 60% of cases. Pathologic phasic activity is characterized
by irregular motion of lymphatic walls and defective
relaxation (after contraction, the diastolic diameter
is sometimes less than it was before). We obser ved
simultaneous abnormalities in blood microvasculature
(slowing down of blood flow in venules; increasing
migration of leukocytes through venular walls into tissue;
and local accumulation of leukocytes around blood
microvessels and, as a result, compression of venules into
irregular shapes). From the thirtieth to the sixtieth minute
of observation, the pathologic constriction of lymph
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microvessels progressed to complete obliteration of the
lymphatic lumen, inhibition of phasic contractions, and
gradual development of lymphostasis in 90%-98% of
lymphatics. In parallel, we observed blood flow slowing up
to stasis and small hemorrhages around venules.
The underlying mechanisms of microlymphatic
disturbances include the well-known ability of α-toxin
to form the specific Ca 2+ channels in cell membranes
and, correspondingly, to disturb the transport Ca 2+ in
the smooth muscles of the vascular wall and, probably,
in the pacemaker cells [167,168]. Thus, these data revealed
that an important mechanism of staphylococcal vascular
disturbances is damage to the lymph microcirculation.
Therefore, therapies for staphylococcal pathology require
the correction of microlymphatic dysfunction.
Pathologic effects on lymph microvessels are partially
reversible by He-Ne laser radiation and some vasoactive
dr ugs (Euphyllin, Verapamil, DMSO) [66,142,165,166] . In
particular, irradiation of the mesentery (450 mW/cm 2
during the first 15 min following ETC application)
attenuates typical toxin constriction. In contrast,
preliminarily irradiating in vitro ETC (20 mW/cm 2, 60
min) attenuates development of lymphostasis: a 60-min
application of non-irradiated ETC causes lymphostasis
in 88% of lymphangia, while irradiated ETC led to
lymphostasis in 57% of lymph microvessels. Thus, lowpower laser radiation can attenuate lymphotoxic action
via its effect on microlymphatic walls, as well as on the
properties of ETC itself[166].
H o w e ve r, t h e m o s t e f f e c t i ve c o r r e c t i o n s o f
microlymphatic disturbances can be achieved by DMSO.
It has been noted above that the effects of DMSO after
ETC application (dilation of lymphatics, inhibition of
pathologic phasic activity, restoration of lymph flow)
are different from the effects on intact lymphatics.
Moreover, these local, positive effects are associated with
an increase in the duration of animal life, which has been
demonstrated in experiments on mice injected with lethal
doses of ETC[66,142,165].
Study of experimental lymphedema
Lymphedema is a complication of lymphatic drainage
decompensation that may happen during congenital
lymphatic dysplasia, hepatic cirrhosis, venous insufficiency,
obstruction or surgical extirpation of lymph nodes[159,169,170].
In particular, post-mastectomy lymphedema (PML)
develops in 25%-50% of cases after breast cancer
treatment[171]. Generally, lymphedema damages the local
lymphovascular network (e.g. in affected extremities)
causing insufficient and abnormal lymph transport and,
correspondingly, accumulation of protein-rich fluid in
the interstitial space (tissue edema) [159,169,172] . Because
the microvascular network is the principal site for fluid
exchange between blood, lymph, and interstitial space,
detailed studies of lymph microvessel disturbances during
lymphedema have great importance. The efficacy of
existing therapeutic treatments for PML is controversial,
and clear scientific data have not emerged on the
mechanisms of lymphedema development[143,170,171].
Obtaining data from human subjects involves many
difficulties (e.g., unpredictability of the time of clinical
www.wjgnet.com
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onset of PML, limitations of diagnostic methods,
etc.)[170,173]. In experimental studies in rat, dog, and rabbit
extremities, the multi-layers of lymph vascular networks,
the rapid development of a good collateral network,
and sufficient angiogenesis permit quick restoration of
lymph pathways and drainage function, leading to prompt
resolution of even acute edema without the appearance
of long-term or chronic edema[174-177]. This precludes an
informed study of chronic or long-term edema.
I n l i g h t o f t h e s e f a c t s, t h e d e ve l o p m e n t o f
lymphedema in rat mesentery may make the detailed
study of lymph and blood microvessel function in acute
and chronic edema, because the single layer of vessels
in this animal model reduces the opportunity for rapid
development of collateral lymph flow. In our study,
experimental lymphedema was created by microsurgical
removal of regional lymph nodes (lymphadenectomy) or
ligation of the collecting vein[101,126,178,179]. Then, the direct
quantitative measurement of tissue water was performed
in parallel to monitoring blood and lymph vessel activity,
including mapping individual cell transport in microvessels
and tissue.
After lymphadenectomy, dynamic observation of
amounts of water revealed increasing edema from 30
min to 1 wk; the greatest degree of edema occurred
at 1 wk with a gradual decrease in edema from 1 to 11
wk[101]. At the thirtieth minute post lymphadenectomy,
these effects were accompanied by acute constriction of
lymph vessels and slowing of lymph flow velocity from
302 ± 41 µ m/s before extirpation to 155 ± 30 µ m/s
after extirpation (P < 0.01). After 1 wk of lymphedema,
the lymphatics were overloaded (diameter increased
from 133 ± 6 µm in their intact state to 147 ± 4 µm after
lymphadenectomy, P < 0.05) with slowing lymph flow.
Four weeks after lymphadenectomy, the amount of water
in tissue included a range from significant compensation
to progressive development of edema. In spite of this,
lymph microvessels of all experimental animals (with
compensation or with decompensation of edema) revealed
significant dysfunction and structure damage (dilation,
slowing of lymph flow, degenerative changes in the
microlymphatic wall). Eleven weeks after lymphedema,
we observed various microvascular disturbances, including
lymphatic fibrosis at edema decompensation and significant
dilation of lymph microvessels or lymphangiogenesis at
edema compensation.
We obtained experimental evidence of the significant
r o l e o f b l o o d m i c r ove s s e l s d u r i n g l y m p h e d e m a
development after lymphadenectomy, which before was
either not clear or was controversial. Marked changes in
blood microvessels started at the stage of well-developed
tissue edema and marked lymphatic disturbances. We
obser ved dilation of blood microvessels, venules,
and expansion of the microvascular network without
significant hemorrhage in the interstitium[101].
Acute venous insufficiency (30 min after vein ligation)
led to significant edema[101,126,178,179]. The comparison of
acute lymphedema after lymphadenectomy and venous
insufficiency revealed several similar changes, including
inhibition of lymph flow and phasic activity. The specific
disturbances after vein ligation included marked dilation of
www.wjgnet.com
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the blood vascular network; slowing (up to stasis) of blood
flow in venules; and multiple hemorrhages adjacent to the
venules and, as a result, the presence of many RBCs in the
lymph.
Thus, unknown mechanisms of microvascular damage
as well as the correlation between the functions of lymph
microvessels, blood microvessels, and tissue edema in
dynamic lymphedema development in vivo was established,
which is important both for understanding mechanisms of
lymphedema and for developing new treatment strategies.
Experimental model of sound-related stress
Experimental pathologic stress (2 h of immobilization
and interrupted sound, 120 dB, 150-500 Hz) on rats led to
significant (20%) increase in microlymphatic diameters (P
< 0.01); intensification of lymph flow (mean cell velocity
increased from 227 ± 8 µm/s in intact rats to 295 ± 12
µm/s in the stressed animals, P < 0.001), and stimulation
of phasic contractions in 75% of lymphatics[179-181]. The
resulting changes in lymph microvessel function probably
stimulate lymph drainage and, therefore, play an adaptive
role in this pathology.

REAL-TIME QUANTITATIVE MONITORING
OF INDIVIDUAL CELL TRANSPORT IN VIVO
Normal rat lymphocytes, rat basophilic leukemia (RBL-1)
cells, K562 human leukemia cells, and rat RBCs (for each
cell type, 107-108 cells/mL) were labeled with FITC and
introduced separately by bolus injection (100 µL) into
the tail vein of rats with normal blood circulation or
with acute venous insufficiency (ligation of collecting
mesenteric vein). Over the next 30-60 min, we monitored
in real-time the fluorescently labeled circulating, rolling,
and adhesive cells in mesenteric blood vessels (diameter,
30-50 µm) and lymph microvessels (diameter, 120-180
µm), as well as visualized the distribution of the cells in
mesenteric interstitial space. Simultaneous fluorescence
and transmission imaging allowed us to distinguish the
position of a single labeled cell. Accumulation of cells in
mesenteric lymph nodes and the right lobe of the liver was
monitored in vivo 60-90 min after the injections; each organ
had been carefully exposed through a mid-abdominal
incision and placed on a thermostabilizing microscope
stage. To minimize light scattering by tissue and obtain
deep, clear images of lymph nodes, we applied optical
immersion technology (optical clearing method) using
glycerol, which is an osmotic chemical[182,183]. In addition,
the concentration of labeled cells in the systemic blood
circulation was estimated by sampling blood through a
catheter.
Normal and leukemic cell transport: a comparative
analysis
We observed a significant number of rat RBCs, WBCs
(lymphocytes), and leukemic cells in blood microvessels
immediately after injection; 85%-95% of the cells were
cleared from the microcirculation within the first 30 min
(Figure 15A and B). In comparison, only a few human
leukemia cells were found in the blood circulation within
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Figure 15 A: Monitoring of labeled rat lymphocytes, and rat (RBL) and human (K562) leukemia cells in blood vessels of rat mesentery; B: Simultaneous monitoring of
RBCs in blood and lymph systems under normal conditions and with venous insufficiency; C, D: In vivo imaging of liver with (C) lymphocytes and (D) RBL leukemia cells.
Monitoring RBC migration from blood vessel (E) through interstitium to (F) lymph vessel and (G) lymph node.

the first 5-10 min (Figure 15A), probably because 95%
of the cells were cleared by a strong immune response
immediately after injection. These cells then migrated into
the interstitial space and were quickly destroyed. No cells
appeared in lymphatic vessels during the first 60 min of
observation.
In the first 5 min after bolus injections of WBCs or
RBCs labeled with FITC (106 cells of each type in bolus),
50 times more RBCs were present in the circulation than
were normal WBCs. Normal WBCs were detected in blood
flow more often than rat leukemia cells (RBL-1 cells).
RBL-1 cells, being ~1.5-2 times larger than normal WBCs,
probably plugged small microvessels, thus decreasing the
number of cells detected. In particular, Figure 15A shows
that the number of WBCs was slightly higher than that of
RBL-1 cells, although fewer WBCs (106 cells in bolus) than
RBL-1 cells (107 cells in bolus) were injected. At 60-90 min
of observation, both types of cells had accumulated mainly
in the liver (Figure 15C and D). WBCs were visualized
in liver as clearly distinguishable individual cells (Figure
15C), whereas RBL-1 cells appeared as a fluorescent spot
(Figure 15D), probably because cells were destroyed in the
liver, and only the rest of the dye was visible. However,
both types of cells were identified after 3 h of observation
in blood samples from large vessels; there were more
WBCs than RBL-1 cells (103 vs 102). Thus, although the
migrations of leukemic cells and normal cells in the same
living organism represent some shared properties, they
also display significantly distinct features. In the future,
these distinct features may be used as diagnostic criteria for

leukemia. Since the presented approach is able to analyze
the transport of lymphocyte (important participants of
immune response) it offers the potential to study in vivo
immune responses at cellular and molecular levels.
Cell transport dynamic from blood to lymph during edema
The modeling of acute venous insufficiency and tissue
edema caused marked changes in normal cell migration[101].
In particular, after injection of labeled RBCs, we observed
a 5-min increase in the absolute number of labeled cells
in the slowing blood flow of edematous tissue compared
with normal blood flow (Figure 15B). Then, the slowdown of blood flow at the edema led to the output of
many RBCs (10-15 min of observation) from blood
vessels in mesenteric interstitium, where the trajectory of
their motion is represented as episodic zigzag lines with
mean velocities of 10-20 µm/s. As a result, RBCs moved
through the interstitium to the lymphatics. After 30 min of
monitoring, RBCs were identified in lymph flow (Figure
15F), and then in mesenteric lymph nodes (40-60 min of
observation; Figure 15G). Thus, our integrated optical
technique demonstrates unique capabilities for real-time
monitoring of labeled cells in blood and lymph flow, as
well as the migration of these cells into tissue interstitium
and regional lymph nodes.
In vivo detection of flowing apoptotic cells
Apoptosis is referred to as programmed physiological cell
death. In vivo study of apoptosis is crucial for understanding
the fundamentals of cell biolog y; optimization of
www.wjgnet.com
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radiation therapy and chemotherapy; diagnosis of many
diseases (e.g., metastasis development, cardiovascular
diseases, hematological diseases, autoimmune diseases,
neurodegenerative diseases, Alzheimer’s disease); and
assessment of acute organ transplant rejection or the effect
of immunosuppressive drugs[134,184-195]. Despite significant
progress in studying apoptosis in vitro with many powerful
assays, adapting these assays to in vivo study of apoptosis is
extremely difficult[184,185].
In our experiments, WBCs extracted from a rat
underwent apoptosis after exposure to dexamethasone.
They were then labeled with rhodamine 6G (red fluorescent
emission). In addition, normal WBCs were labeled with
FITC (green emission). A 50/50 mixture of labeled
apoptotic and normal WBCs was injected into a rat’s tail
vein, and the appearance of the WBCs was monitored in rat
mesentery venules with integrated PTFC. The fluorescence
measurements (obtained by counting the number of cells
in images) demonstrated the appearance of both normal
and apoptotic cells in blood microvessel flow during the
first minute (Figure 16A), and rapid clearing of apoptotic
cells from circulation, with a half-life of ∼8 min. We also
observed: (1) rolling apoptotic cells in small venules within
10 min after the injections, (2) the appearance of apoptotic
cells in the interstitium after 15 min (Figure 16B), and (3)
significant accumulation of apoptotic cells in mesenteric
lymph nodes (Figure 16C) after 30 min (see details of node
location in Figure 3A and B).
Thus, the obtained results demonstrate that individual
cell migration in living organisms depends on: (1) the
morphological type of normal and abnormal cells (e.g.
WBCs versus RBCs, WBCs versus leukemic cells),
(2) the functional state of the cell (e.g. living versus
apoptotic cells), and (3) the functional status of the
entire organism (e.g. in norm versus in acute venous
insufficiency at tissue edema). The high sensitivity of the
PT technique to nanoscale morphologic events during
apoptosis demonstrated in vitro[112-113], in combination with
conventional fluorescent assays, makes it possible to apply
this technique for detection of apoptotic cells in vivo.

IR ANGIOGRAPHY AND LYMPHGRAPHY
Indocianine green (ICG) is a well-known, relatively
www.wjgnet.com

harmless dye for IR blood angiography and IR imaging
of lymph nodes in human and animals [196-201] . Within
the first seconds after intravenous injection, there is a
shift in the absorption spectrum of ICG from 780 nm
to 805 nm (spectral stabilization) due to two processes:
polymerization of ICG molecules and their binding to
plasma proteins and lipoproteins[196]. Plasma clearance of
ICG is biphasic, showing a rapid first phase with a half-life
of 4-6 min and a secondary phase with a half-life of more
than 1 h[197]. ICG is eliminated from an organism by the
enterohepatic route[197].
The imaging of blood vasculature by ICG is a wellknown conventional approach; however, identification
of the lymph microvascular network with ICG has not
been previously studied. Recently, we performed first
experiments with microlymphatics. Using TDM and
fluorescent microscopy, we monitored typical microvascular
units (venula, arteriola, and lymph microvessel of rat
mesentery; Figure 17) after intravenous ICG injection (0.2
mL/100 g in rat’s tail vein). Excitation at a wavelength of
805 nm, 0.25 mW/cm2, was provided by continuous diode
laser, and the re-emitted fluorescence was filtered at 830
nm and then detected using an intensified highly sensitive
camera (PentoMAX, Roper Scientific). Our preliminary
studies demonstrated that the first IR image of the venula
appears 70-80 s after injection; then, in a short period
of time (first 2 min after injection), dye appeared in the
arteriola (Figure 17B). Forty to fifty minutes after injection,
ICG accumulated (at least partly) in lymph microvessels
(Figure 17C). Thus, ICG may potentially be used for study
of blood and lymph microcirculation (IR angiography and
lymphography), including a monitoring traffic dye in blood
and lymph vascular nets.

CONCLUSIONS
As demonstrated in this paper, rat mesenter y, in
combination with advanced optical techniques, is an
attractive animal model for in vivo lymph- and blood flow
cytometry, high-resolution high speed cell imaging, IR
time-resolved angiography and lymphography, real-time
monitoring of cells traffic through tissue in norm, during
diseases or in response to therapy.
Specifically, the capabilities of this model may include:
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Figure 17 ICG IR blood and lymph microangiography. Transmission image before ICG injection (venula: short arrow, arteriola: triangle, lymph microvessel: long arrow) (A).
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(1) analysis of cell pathways in tissue (blood microvessel, interstitium, afferent lymphatics) with migration
through microvessel walls and accumulation in lymph
nodes and liver; (2) quantitative monitoring of changes
in the number of normal or abnormal cells in blood
and lymph flow (blood and lymph FC); (3) identification
of moving and static cells, including rare abnor mal
cells and apoptotic cells, through their size, shape, and
specific sub-cellular structures; (4) high-resolution, highspeed monitoring of lymph and blood microrheology
(e.g. transient defor mability, cell ag gregation), and
interactions between different moving cells and between
moving cells and endothelial cells of the vessel wall; (5)
quantitative assessment of the clearance rate of circulating
cells in lymph and blood flow; (6) analysis of in vivo
immune responses at cellular and molecular levels; (7)
in vivo monitoring of the circulation and migration of
chylomicrons, bacteria, and viruses; (8) monitoring of
dynamic thrombus and blood clot formation (with and
without platelet participation); (9) label-free IR microvessel
angiography and lymphography.
These advantages are crucial, both for understanding
basic cell biology (e.g. metabolism and apoptosis), cell flow
dynamics, and for conducting clinical studies of early disease diagnoses (e.g., cancer, sickle diseases, leukemia, edema, inflammation, infections) or assessment of innovative
therapeutic interventions (pharmaceuticals, nicotine, lasers,
or γ-radiation). Other potential applications may include
radio and drug screening in vivo based on the previously
described, promising in vitro techniques.
It is hoped that this review will serve not only as a
helpful progress report and to provide certain leads for
further research, but will also help attract the scientific
interest and support that are required to solve these
problems.

ACKNOWLEDGMENTS
The authors thank Grigory E Brill, PhD, DSc (Saratov
Medical State University, Russia); Sergey S Ulianov, PhD,
DSc (Saratov State University, Russia); Qingming Luo, PhD
(Institute for Biomedical Photonics, Huazhong University
of Science and Technology, China); Ivan V Fedosov, PhD
(Saratov State University, Russia); Anastasia V Solovieva,
PhD (Saratov Medical State University, Russia). We thank
Tatiana V Stepanova for assisting with animal experiments,
Dmitri O Lapotko, PhD for his significant contribution

in the development of the PT setup, and Scott Ferguson,
for assisting with laser measurements. We also thank
the Office of Grants and Scientific Publications at the
University of Arkansas for Medical Sciences for editorial
assistance during the preparation of this manuscript.

References
1
2
3
4
5
6
7
8
9
10
11
12

13
14
15

16
17

Aukland K. Arnold Heller and the lymph pump. Acta Physiol
Scand 2005; 185: 171-180
Zweifach BW, Lowenstein B, Chambers R. Response of blood
capillaries to acute hemorrhage in the rat. Am J Physiol 1944;
142: 80-93
Chambers R, Zweifach BW. Topography and function of the
mesenteric capillary circulation. Am J Anat 1944; 75: 173-205
Wiggers CJ. Peripheral circulation. Annu Rev Physiol 1947; 9:
255-300
Gaehtgens P, Meiselman HJ, Wayland H. Erythrocyte flow
velocities in mesenteric microvessels of the cat. Microvasc Res
1970; 2: 151-162
Johnson PC. Red cell separation in the mesenteric capillary
network. Am J Physiol 1971; 221: 99-104
Zweifach BW, Prather JW. Micromanipulation of pressure in
terminal lymphatics in the mesentery. Am J Physiol 1975; 228:
1326-1335
Starr MC, Frasher WG. In vivo cellular and plasma velocities
in microvessels of the cat mesentery. Microvasc Res 1975; 10:
102-106
Lipowsky HH, Usami S, Chien S. In vivo measurements
of “apparent viscosity” and microvessel hematocrit in the
mesentery of the cat. Microvasc Res 1980; 19: 297-319
Firrell JC, Lipowsky HH. Leukocyte margination and
deformation in mesenteric venules of rat. Am J Physiol 1989;
256: H1667-H1674
Seki J. Flow pulsation and network structure in mesenteric
microvasculature of rats. Am J Physiol 1994; 266: H811-H821
Yamaki K, Lindbom L, Thorlacius H, Hedqvist P, Raud J. An
approach for studies of mediator-induced leukocyte rolling
in the undisturbed microcirculation of the rat mesentery. Br J
Pharmacol 1998; 123: 381-389
Frenette PS, Moyna C, Hartwell DW, Lowe JB, Hynes RO,
Wagner DD. Platelet-endothelial interactions in inflamed mesenteric venules. Blood 1998; 91: 1318-1324
Jiang Y, Liu AH, Zhao KS. Studies on the flow and distribution of leukocytes in mesentery microcirculation of rats. World
J Gastroenterol 1999; 5: 231-234
Pearson MJ, Lipowsky HH. Influence of erythrocyte aggregation on leukocyte margination in postcapillary venules
of rat mesentery. Am J Physiol Heart Circ Physiol 2000; 279:
H1460-H1471
Osterloh K, Gaehtgens P, Pries AR. Determination of microvascular flow pattern formation in vivo. Am J Physiol Heart
Circ Physiol 2000; 278: H1142-H1152
He P, Wang J, Zeng M. Leukocyte adhesion and microves-

www.wjgnet.com

214

18
19
20
21
22

23
24
25
26
27
28
29
30
31

32
33

34
35

36
37
38
39
40

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

sel permeability. Am J Physiol Heart Circ Physiol 2000; 278:
H1686-H1694
Sugii Y, Nishio S, Okamoto K. In vivo PIV measurement
of red blood cell velocity field in microvessels considering
mesentery motion. Physiol Meas 2002; 23: 403-416
Sugii Y, Nishio S, Okamoto K. Measurement of a velocity field
in microvessels using a high resolution PIV technique. Ann N
Y Acad Sci 2002; 972: 331-336
Golub AS, Pittman RN. Erythrocyte-associated transients in
PO2 revealed in capillaries of rat mesentery. Am J Physiol Heart
Circ Physiol 2005; 288: H2735-H2743
Ohshima N. Engineering approaches to the microcirculation
studies. Clin Hemorheol Microcirc 2006; 34: 27-34
Benoit JN, Zawieja DC, Goodman AH, Granger HJ.
Characterization of intact mesenteric lymphatic pump and its
responsiveness to acute edemagenic stress. Am J Physiol 1989;
257: H2059-H2069
Benoit JN. Relationships between lymphatic pump flow and
total lymph flow in the small intestine. Am J Physiol 1991; 261:
H1970-H1978
Sekizuka E, Ohshio C, Minamitani H. Automatic analysis of
moving images for the lymphocyte velocity measurement.
Microcirculation annual 1995; 11: 107-108
Takahashi T, Shibata M, Kamiya A. Mechanism of
macromolecule concentration in collecting lymphatics in rat
mesentery. Microvasc Res 1997; 54: 193-205
Dixon JB, Zawieja DC, Gashev AA, Coté GL. Measuring
microlymphatic flow using fast video microscopy. J Biomed
Opt 2005; 10: 064016
Zweifach BW, Kivy-Rosenberg E. Microcirculatory effects of
whole-body X-irradiation and radiomimetic procedures. Am J
Physiol 1965; 208: 492-498
Ferguson MK, Shahinian HK, Michelassi F. Lymphatic smooth
muscle responses to leukotrienes, histamine and platelet
activating factor. J Surg Res 1988; 44: 172-177
Aukland K, Reed RK. Interstitial-lymphatic mechanisms in
the control of extracellular fluid volume. Physiol Rev 1993; 73:
1-78
Benoit JN. Effects of alpha-adrenergic stimuli on mesenteric
collecting lymphatics in the rat. Am J Physiol 1997; 273:
R331-R336
Kimura M, Mitani H, Bandoh T, Totsuka T, Hayashi S.
Mast cell degranulation in rat mesenteric venule: effects of
L-NAME, methylene blue and ketotifen. Pharmacol Res 1999;
39: 397-402
Carati CJ, Jobling J, Fouyaxis J and Gannon BJ. Effect of low
level laser on mesenteric lymphatics and blood vessels in-vivo.
Progress in Microcirculation Research 1999; 10: 77-80
Torres LN, Torres Filho IP. Determination of macromolecular
exchange and PO2 in the microcirculation: a simple system for
in vivo fluorescence and phosphorescence videomicroscopy.
Braz J Med Biol Res 2001; 34: 129-135
Amerini S, Ziche M, Greiner ST, Zawieja DC. Effects of substance P on mesenteric lymphatic contractility in the rat. Lymphat Res Biol 2004; 2: 2-10
Shirasawa Y, Ikomi F, Ohhashi T. Physiological roles of
endogenous nitric oxide in lymphatic pump activity of rat
mesentery in vivo. Am J Physiol Gastrointest Liver Physiol 2000;
278: G551-G556
Arshi K, Bendayan M, Ghitescu LD. Alterations of the rat
mesentery vasculature in experimental diabetes. Lab Invest
2000; 80: 1171-1184
Yanagi K, Ohshima N. Angiogenic vascular growth in the rat
peritoneal disseminated tumor model. Microvasc Res 1996; 51:
15-28
Hayes H, Kossmann E, Wilson E, Meininger C, Zawieja D.
Development and characterization of endothelial cells from rat
microlymphatics. Lymphat Res Biol 2003; 1: 101-119
Ji RC. Characteristics of lymphatic endothelial cells in
physiological and pathological conditions. Histol Histopathol
2005; 20: 155-175
Witte MH, Jones K, Wilting J, Dictor M, Selg M, McHale N,

www.wjgnet.com

41

42

43

44
45
46

47

48

49

50
51

52
53
54
55
56
57
58
59
60
61

January 14, 2007

Volume 13

Number 2

Gershenwald JE, Jackson DG. Structure function relationships
in the lymphatic system and implications for cancer biology.
Cancer Metastasis Rev 2006; 25: 159-184
Morisaki H, Katayama T, Kotake Y, Ito M, Handa M, Ikeda Y,
Takeda J, Suematsu M. Carbon monoxide modulates endotoxin-induced microvascular leukocyte adhesion through platelet-dependent mechanisms. Anesthesiology 2002; 97: 701-709
Mouthon MA, Vereycken-Holler V, Van der Meeren A, Gaugler MH. Irradiation increases the interactions of platelets with
the endothelium in vivo: analysis by intravital microscopy.
Radiat Res 2003; 160: 593-599
Yamagata K, Kumagai K. Experimental study of lymphogenous peritoneal cancer dissemination: migration of fluorescent-labelled tumor cells in a rat model of mesenteric lymph
vessel obstruction. J Exp Clin Cancer Res 2000; 19: 211-217
Bornhop DJ, Contag CH, Licha K, Murphy CJ. Advance in
contrast agents, reporters, and detection. J Biomed Opt 2001; 6:
106-110
Contag PR, Olomu IN, Stevenson DK, Contag CH.
Bioluminescent indicators in living mammals. Nat Med 1998; 4:
245-247
Ebert B, Sukowski U, Grosenick D, Wabnitz H, Moesta KT,
Licha K, Becker A, Semmler W, Schlag PM, Rinneberg H.
Near-infrared fluorescent dyes for enhanced contrast in optical
mammography: phantom experiments. J Biomed Opt 2001; 6:
134-140
Becker MD, Planck SR, Crespo S, Garman K, Fleischman RJ,
Dullforce P, Seitz GW, Martin TM, Parker DC, Rosenbaum JT.
Immunohistology of antigen-presenting cells in vivo: a novel
method for serial observation of fluorescently labeled cells.
Invest Ophthalmol Vis Sci 2003; 44: 2004-2009
Nestmann ER, Douglas GR, Matula TI, Grant CE, Kowbel DJ.
Mutagenic activity of rhodamine dyes and their impurities
as detected by mutation induction in Salmonella and DNA
damage in Chinese hamster ovary cells. Cancer Res 1979; 39:
4412-4417
Saetzler RK, Jallo J, Lehr HA, Philips CM, Vasthare U, Arfors
KE, Tuma RF. Intravital fluorescence microscopy: impact
of light-induced phototoxicity on adhesion of fluorescently
labeled leukocytes. J Histochem Cytochem 1997; 45: 505-513
Zdolsek JM. Acridine orange-mediated photodamage to
cultured cells. APMIS 1993; 101: 127-132
Abbitt KB, Rainger GE, Nash GB. Effects of fluorescent dyes
on selectin and integrin-mediated stages of adhesion and migration of flowing leukocytes. J Immunol Methods 2000; 239:
109-119
Berk DA, Swartz MA, Leu AJ, Jain RK. Transport in lymphatic
capillaries. II. Microscopic velocity measurement with fluorescence photobleaching. Am J Physiol 1996; 270: H330-H337
Novak J, Georgakoudi I, Wei X, Prossin A, Lin CP. In vivo
flow cytometer for real-time detection and quantification of
circulating cells. Opt Lett 2004; 29: 77-79
Georgakoudi I, Solban N, Novak J, Rice WL, Wei X, Hasan T,
Lin CP. In vivo flow cytometry: a new method for enumerating
circulating cancer cells. Cancer Res 2004; 64: 5044-5047
Wei X, Sipkins DA, Pitsillides CM, Novak J, Georgakoudi I,
Lin CP. Real-time detection of circulating apoptotic cells by in
vivo flow cytometry. Mol Imaging 2005; 4: 415-416
Pries AR, Eriksson SE, Jepsen H. Real-time oriented image
analysis in microcirculatory research. Proc SPIE 1989; 1357:
257-263
Skalak R, Branemark PI. Deformation of red blood cells in
capillaries. Science 1969; 164: 717-719
Galanzha EI, Tuchin VV, Zharov VP. In vivo integrated flow
image cytometry and lymph/blood vessels dynamic microscopy. J Biomed Opt 2005; 10: 054018
Kim S, Popel AS, Intaglietta M, Johnson PC. Aggregate
formation of erythrocytes in postcapillary venules. Am J
Physiol Heart Circ Physiol 2005; 288: H584-H590
Rusznyak I, Foldi M, Szabo G. Lymphatics and Lymph
Circulation. 2nd ed. London: Pergamon, 1967
Human Physiology, Schmidt RF, Thews G, editors. Berlin

Galanzha EI et al . Animal mesentery for in vivo flow cytometry

62
63
64
65
66

67
68

69
70

71
72

73
74

75

76
77

78
79
80
81
82
83
84

Heidelberg: Springer-Verlag, 1989
Brown P. Lymphatic system: unlocking the drains. Nature
2005; 436: 456-458
Schmid-Schönbein GW. Microlymphatics and lymph flow.
Physiol Rev 1990; 70: 987-1028
McHale NG. Role of the lymph pump and its control. NIPS
1995; 10: 112-117
Vajda J, Tomcsik M. The structure of the valves of the
lymphatic vessels. Acta Anat (Basel) 1971; 78: 521-531
Galanzha EI, Brill GE, Aizu Y, Ulyanov SS, Tuchin VV. Speckle and Doppler Methods of Blood and Lymph Flow Monitoring. In: Handbook of Optical Biomedical Diagnostics, Bellingham: SPIE Press, 2002: 875-937
Galanzha EI, Tuchin VV, Zharov VP, Solovieva AV, Stepanova TV, Brill GE. The diagnosis of lymph microcirculation on
rat mesentery in vivo. Proc SPIE 2003; 4965: 325- 333
Galanzha EI, Ulyanov SS, Tuchin VV, Brill GE, Solov`eva
AV, Sedykh AV. Comparison of lymph and blood flow in
microvessels: coherent optical measurements. Proc SPIE 2000;
4163: 94-98
Johnston MG. The intrinsic lymph pump: progress and problems. Lymphology 1989; 22: 116-122
Mordon S, Begu S, Buys B, Tourne-Peteilh C, Devoisselle
JM. Study of platelet behavior in vivo after endothelial
stimulation with laser irradiation using fluorescence intravital
videomicroscopy and PEGylated liposome staining. Microvasc
Res 2002; 64: 316-325
Baez S. An open cremaster muscle preparation for the study
of blood vessels by in vivo microscopy. Microvasc Res 1973; 5:
384-394
Haier J, Korb T, Hotz B, Spiegel HU, Senninger N. An
intravital model to monitor steps of metastatic tumor cell
adhesion within the hepatic microcirculation. J Gastrointest
Surg 2003; 7: 507-514; discussion 514-515
Schacht V, Berens von Rautenfeld D, Abels C. The lymphatic
system in the dorsal skinfold chamber of the Syrian golden
hamster in vivo. Arch Dermatol Res 2004; 295: 542-548
Vargas G, Readinger A, Dozier SS, Welch AJ. Morphological
changes in blood vessels produced by hyperosmotic agents
and measured by optical coherence tomography. Photochem
Photobiol 2003; 77: 541-549
Galanzha EI, Tuchin VV, Solov`eva AV, Stepanova TV, Luo
Q, Cheng H. Skin backreflectance and microvascular system
functioning at the action of osmotic agents. J Phys D: Appl Phys
2003; 36: 1-8
Zharov V, Galanzha E, Shashkov E, Khlebtsov N, Tuchin V. In
vivo photoacoustic flow cytometry for real-time monitoring of
circulating cells and nanoparticles. SPIE News room 2006
Zharov V, Galanzha E, Shashkov E, Khlebtsov N, Tuchin V.
In vivo integrated photoacoustic flow cytometry: Application
for monitoring circulating cancer cells labeled with gold
nanorods. Fifth Workshop on Optical Imaging from Bench to
Bedside at the national Institutes of Health 2006: 126
Kalchenko V, Plaks V. Intravital Video Microscopy – From
Simple Solutions to a Multiuser Core Facility. Proc RMS 2005;
40: 221-226
Kersey TW, Van Eyk J, Lannin DR, Chua AN, Tafra L.
Comparison of intradermal and subcutaneous injections in
lymphatic mapping. J Surg Res 2001; 96: 255-259
Hirsch JI, Tisnado J, Cho SR, Beachley MC. Use of isosulfan
blue for identification of lymphatic vessels: experimental and
clinical evaluation. AJR Am J Roentgenol 1982; 139: 1061-1064
Bowen CH, Albertine KH. Initial lymphatics are present in the
loose areolar connective tissue of the golden hamster’s cheek
pouch. Microvasc Res 1988; 35: 236-241
Schwerte T, Pelster B. Digital motion analysis as a tool for
analysing the shape and performance of the circulatory system
in transparent animals. J Exp Biol 2000; 203: 1659-1669
Yaniv K, Isogai S, Castranova D, Dye L, Hitomi J, Weinstein
BM. Live imaging of lymphatic development in the zebrafish.
Nat Med 2006; 12: 711-716
Weinstein B. Vascular cell biology in vivo: a new piscine

85
86
87
88
89
90
91
92
93
94
95
96
97
98

99
100

101
102
103
104
105
106
107
108

109
110

215
paradigm? Trends Cell Biol 2002; 12: 439-445
Baker HJ, Lindsey JR, Weisbroth SH. The Laboratory Rat.
New York: Academic, 1979
Gill TJ. The rat in biomedical research. Physiologist 1985; 28:
9-17
Gill TJ, Smith GJ, Wissler RW, Kunz HW. The rat as an
experimental animal. Science 1989; 245: 269-276
Murakami T, Kobayashi E. Color-engineered rats and
luminescent LacZ imaging: a new platform to visualize
biological processes. J Biomed Opt 2005; 10: 41204
Gahm T, Witte S. Measurement of the optical thickness of
transparent tissue layers. J Microsc 1986; 141: 101-110
Barber BJ, Oppenheimer J, Zawieja DC, Zimmermann HA.
Variations in rat mesenteric tissue thickness due to microvasculature. Am J Physiol 1987; 253: G549-G556
Ghassemifar R, Franzén L. A double-embedding technique
for thin tissue membranes. Biotech Histochem 1992; 67: 363-366
Physiology of Blood Circulation: Physiology of vascular
system. Tkachenko BI, editor. Leningrad: Nauka, 1984 (in
Russian)
Chernuh AM, Alexandrov PN, Alexeev OV. Microcirculation.
Moscow: Medicine, 1984 (in Russian)
Zharov VP, Galanzha EI, Tuchin VV. In vivo photothermal
flow cytometry: imaging and detection of individual cells in
blood and lymph flow. J Cell Biochem 2006; 97: 916-932
Hauck G. Functional aspects of the topical relationship
between blood capillaries and lymphatics of the mesentery.
Pflugers Arch 1973; 339: 251-256
Hauck G. Origin of the mesenteric lymphatics and their
topical relationship to the blood capillaries. Bibl Anat 1973; 12:
356-360
Tuchin VV. The lasers and fiber optic in biomedical research.
Saratov: Saratov State University Press, 1998 (In Russian)
Galanzha EI, Tuchin VV, Ulyanov SS, Solov’eva AV, Luo
Q, Cheng H. Optical properties of lymph flow in single
microvessels: biomicroscopic, speckle-interferometric, and
spectroscopic measurements. Proc SPIE 2001; 4434: 197-203
Scheinecker C. Application of in vivo microscopy: evaluating
the immune response in living animals. Arthritis Res Ther 2005;
7: 246-252
Horstick G, Kempf T, Lauterbach M, Ossendorf M, Kopacz L,
Heimann A, Lehr HA, Bhakdi S, Meyer J, Kempski O. Plastic
foil technique attenuates inflammation in mesenteric intravital
microscopy. J Surg Res 2000; 94: 28-34
Galanzha EI, Tuchin VV, Zharov VP. Optical monitoring of
microlympatic disturbances during experimental lymphedema, Lymphat Res Biol, 2007: In press
Givan AL. Principles of flow cytometry: an overview. Methods
Cell Biol 2001; 63: 19-50
Chung A, Karlan S, Lindsley E, Wachsmann-Hogiu S, Farkas
DL. In vivo cytometry: a spectrum of possibilities. Cytometry A
2006; 69: 142-146
Zharov VP, Galanzha EI, Menyaev Y, Tuchin VV. In vivo
high-speed imaging of individual cells in fast blood flow. J
Biomed Opt 2006; 11: 054034
Zharov VP, Letokhov VS. Laser Optoacoustic Spectroscopy.
Berlin Heidelberg, New York: Springer-Verlag, 1986
Zharov VP. Laser optoacoustic spectroscopy in
chromatography. In: Laser Analytical Spectrochemistry.
Letokhov VS, editor. Boston, Mass: Bristol, 1986: 229-271
Lapotko D, Kuchinsky G, Potapnev M, Pechkovsky D.
Photothermal image cytometry of human neutrophils.
Cytometry 1996; 24: 198-203
Lapotko D, Romanovskaya T, Kutchinsky G, Zharov V.
Photothermal studies of modulating effect of photoactivated
chlorin on interaction of blood cells with bacteria. Cytometry
1999; 37: 320-326
Zharov VP and Lapotko DO. Photothermal imaging of
nanoparticles and cells (review). IEEE J Sel Topics Quant
Electron 2005; 11: 733-751
Tokeshi M, Uchida M, Hibara A, Sawada T, Kitamori T.
Determination of subyoctomole amounts of nonfluorescent

www.wjgnet.com

216

111

112

113
114

115
116
117
118

119

120

121
122

123

124

125

126

127
128
129
130
131

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

molecules using a thermal lens microscope: subsinglemolecule determination. Anal Chem 2001; 73: 2112-2116
Tamaki E, Sato K, Tokeshi M, Sato K, Aihara M, Kitamori T.
Single-cell analysis by a scanning thermal lens microscope
with a microchip: direct monitoring of cytochrome c
distribution during apoptosis process. Anal Chem 2002; 74:
1560-1564
Zharov VP, Galitovsky V, Chowdhury P. Nanocluster
model of photothermal assay: application for high-sensitive
monitoring of nicotine-induced changes in metabolism,
apoptosis, and necrosis at a cellular level. J Biomed Opt 2005;
10: 44011
Zharov VP, Galitovskiy V, Lyle CS, Chambers TC. Superhighsensitivity photothermal monitoring of individual cell
response to antitumor drug. J Biomed Opt 2006; 11: 064034
Zharov VP, Galanzha EI, Shashkov EV, Khlebtsov NG, Tuchin
VV. In vivo photoacoustic flow cytometry for monitoring of
circulating single cancer cells and contrast agents. Opt Lett
2006; 31: 3623-3625
Zharov VP, Galanzha EI, Tuchin VV. Photothermal image
flow cytometry in vivo. Opt Lett 2005; 30: 628-630
Zharov VP, Galanzha EI, Tuchin VV. Integrated photothermal
flow cytometry in vivo. J Biomed Opt 2005; 10: 051502
Zharov VP, Galanzha EI, Tuchin VV. Confocal photothermal
flow cytometry in vivo. Proc SPIE 2005; 5697: 167-176
Zharov V, Menyaev Y, Shashkov E, Galanzha E, Khlebtsov
B, Scheludko A, Zimnyakov D, and Tuchin V. Fluctuation of
probe beam in thermolens schematics as potential indicator
of cell metabolism, apoptosis, necrosis and laser impact. Proc
SPIE 2006; 6085: 10-21
Bednov AA, Ul’yanov SS, Tuchin VV, Brill GE, Zakharova
(Galanzha) EI. Investigation of lymph dynamics by speckleinterferometry method. Applied Nonlinear Dynamics 1996; 4:
45-54
Bednov AA, Brill GE, Tuchin VV, Ul`yanov SS, Zakharova
(Galanzha) EI. Blood flow measurements in microvessels
using focused laser beam diffraction phenomenon. Proc SPIE
1994; 2370: 379-383
Starukhin P, Ulyanov S, Galanzha E, Tuchin V. Blood-flow
measurements with a small number of scattering events. Appl
Opt 2000; 39: 2823-2830
Ul`yanov SS, Tuchin VV, Bednov AA, Zakharova (Galanzha)
EI, Brill GE. The application of Speckle Interferometry for the
Monitoring of Blood and Lymph Flow in Microvessels. Lasers
in Med Sci 1997; 12: 31-41
Fedosov IV, Ulianov SS, Galanzha EI, Galanzha VA, Tuchin
VV. Laser Doppler and Speckle techniques for bioflow measurements. In: Handbook of Coherent Domain Optical Methods. Springer, 2004; XLII, 1: 397-437
Fedosov IV, Tuchin VV, Galanzha EI, Solov’eva AV, Stepanova TV. Recording of lymph flow dynamics in microvessels
using correlation properties of scattered coherent radiation.
Quantum Electronics 2002; 32: 970-974
Brill’ GE, Galanzha EI, Ul’ianov SS, Tuchin VV, Stepanova
TV, Solov’eva AV. [Functional organization of lymphatic microvessels of the rat mesentery]. Ross Fiziol Zh Im I M Sechenova
2001; 87: 600-607
Galanzha EI, Tuchin VV, Solovieva AV, Zharov VP. Experimental evaluation on the transmission optical microscopy for
the diagnosis of lymphedema. J Xray Sci Technol 2002; 10:
215-223
Smith JB, McIntosh GH, Morris B. The traffic of cells through
tissues: a study of peripheral lymph in sheep. J Anat 1970; 107:
87-100
Ikomi F, Hunt J, Hanna G, Schmid-Schönbein GW. Interstitial
fluid, plasma protein, colloid, and leukocyte uptake into initial
lymphatics. J Appl Physiol(1985) 1996; 81: 2060-2067
Young AJ. The physiology of lymphocyte migration through
the single lymph node in vivo. Semin Immunol 1999; 11: 73-83
Hall JG, Morris B. The origin of the cells in the efferent lymph
from a single lymph node. J Exp Med 1965; 121: 901-910
Dixon JB, Greiner ST, Gashev AA, Cote GL, Moore JE, Za-

www.wjgnet.com

132
133
134

135

136

137
138
139
140

141
142
143
144

145
146

147

148
149

150

151

January 14, 2007

Volume 13

Number 2

wieja DC. Lymph flow, shear stress, and lymphocyte velocity
in rat mesenteric prenodal lymphatics. Microcirculation 2006;
13: 597-610
Azzali G. On the transendothelial passage of tumor cell from
extravasal matrix into the lumen of absorbing lymphatic vessel. Microvasc Res 2006; 72: 74-85
Zharov V, Galanzha E and Tuchin V. Photothermal imaging of
moving cells in lymph and blood flow in vivo. Proc SPIE 2004;
5320: 256-263
Gourley PL, Hendricks JK, McDonald AE, Copeland RG, Barrett KE, Gourley CR, Singh KK, Naviaux RK. Mitochondrial
correlation microscopy and nanolaser spectroscopy - new
tools for biophotonic detection of cancer in single cells. Technol
Cancer Res Treat 2005; 4: 585-592
Gourley PL, Hendricks JK, McDonald AE, Copeland RG, Barrett KE, Gourley CR, Naviaux RK. Ultrafast nanolaser flow
device for detecting cancer in single cells. Biomed Microdevices
2005; 7: 331-339
Brill GE, Tuchin VV, Zakharova (Galanzha) EI, Ul`yanov SS.
Influence of low power laser irradiation on lymph microcirculation at the increasing of NO production. Proc SPIE 1999;
3726: 157-162
Galanzha EI, Brill’ GE, Solov’eva AV, Stepanova TV. [Nitric
oxide in the lymphatic microvessel regulation]. Ross Fiziol Zh
Im I M Sechenova 2002; 88: 983-989
Pitts LH, Young AR, McCulloch J, MacKenzie E. Vasomotor
effects of dimethyl sulfoxide on cat cerebral arteries in vitro
and in vivo. Stroke 1986; 17: 483-487
Jacob SW, Herschler R. Pharmacology of DMSO. Cryobiology
1986; 23: 14-27
Lockie LM, Norcross BM. A clinical study on the effects of
dimethyl sulfoxide in 103 patients with acute and chronic
musculoskeletal injuries and inflammations. Ann N Y Acad Sci
1967; 141: 599-602
Spruance SL, McKeough MB, Cardinal JR. Dimethyl sulfoxide
as a vehicle for topical antiviral chemotherapy. Ann N Y Acad
Sci 1983; 411: 28-33
Brill’ GE, Zakharova EI. [The effect of dimethyl sulfoxide on
the changes in the lymph microcirculation induced by staphylococcal toxin]. Eksp Klin Farmakol 1998; 61: 54-56
Piller NB, Thelander A. Treatment of chronic postmastectomy
lymphedema with low level laser therapy: a 2.5 year followup. Lymphology 1998; 31: 74-86
Carati CJ, Anderson SN, Gannon BJ, Piller NB. Treatment of
postmastectomy lymphedema with low-level laser therapy:
a double blind, placebo-controlled trial. Cancer 2003; 98:
1114-1122
Kaviani A, Yousefi R, Mortaz HS and Ghodsi M. Postmastectomy lymphedema; application of low-level laser therapy.
Laser Sur Med 2003; S15: 66-68
Brill GE, Zakharova (Galanzha) EI. Influence of low power
laser radiation on lymphatic microvessels. Abstract book of
the 5th Congress of the Asian-Pacific Association for Laser
Medicine and Surgery; 1994 Nov. 20-25; Tel Aviv, Israel. Israel,
1994: 17
Verkruysse W, Beek JF, VanBavel E, van Gemert MJ, Spaan
JA. Laser pulse impact on rat mesenteric blood vessels in
relation to laser treatment of port wine stain. Lasers Surg Med
2001; 28: 461-468
Zharov VP, Galitovsky V and Viegas M. Photothermal
detection of local thermal effects during selective
nanophotothermolysis. Appl Phys Lett 2003; 83: 4897-4899
Zharov VP, Galitovskaya EN, Johnson C, Kelly T. Synergistic
enhancement of selective nanophotothermolysis with gold
nanoclusters: potential for cancer therapy. Lasers Surg Med
2005; 37: 219-226
Zharov VP, Letfullin RR, and Galitovskaya EN. Microbubblesoverlapping mode for laser killing of cancer cells with
absorbing nanoparticle clusters. J Physics D: Appl Phys 2005;
38: 2571-2581
Zharov VP, Kim JW,Curiel DT, Everts M. Self-assembling
nanoclusters in living systems: application for integrated

Galanzha EI et al . Animal mesentery for inFöldi
vivo flow cytometry

152

153

154
155
156

157
158

159
160
161
162
163
164

165

166
167

168
169
170
171
172

photothermal nanodiagnostics and nanotherapy. J
Nanomedicine 2005; 1: 326-345
Zharov VP, Mercer KE, Galitovskaya EN, Smeltzer MS.
Photothermal nanotherapeutics and nanodiagnostics for
selective killing of bacteria targeted with gold nanoparticles.
Biophys J 2006; 90: 619-627
Everts M, Saini V, Leddon JL, Kok RJ, Stoff-Khalili M, Preuss
MA, Millican CL, Perkins G, Brown JM, Bagaria H, Nikles
DE, Johnson DT, Zharov VP, Curiel DT. Covalently linked
Au nanoparticles to a viral vector: potential for combined
photothermal and gene cancer therapy. Nano Lett 2006; 6:
587-591
Saini V, Zharov VP, Brazel CS, Nikles DE, Johnson DT, Everts
M. Combination of viral biology and nanotechnology: new
applications in nanomedicine. Nanomedicine 2006; 2: 200-206
Chowdhury P, MacLeod S, Udupa KB, Rayford PL.
Pathophysiological effects of nicotine on the pancreas: an
update. Exp Biol Med (Maywood) 2002; 227: 445-454
A report of Surgeon General: The Health Consequences of
Smoking. Department of Health & Human Services, Public
Health Services, Centers for Disease Control & Prevention,
National Center for chronic disease prevention and health
promotion, office of smoking & health, Washington, D.C. 2004
Armitage AK, Dollery CT, George CF, Houseman TH, Lewis
PJ, Turner DM. Absorption and metabolism of nicotine from
cigarettes. Br Med J 1975; 4: 313-316
Galanzha EL , Chowh ury P, Tuchim V V , Zhar ov V P.
Monitoring of nicotine impact in microlymphatics of rat
mesentery with time-resolved microscopy. Lymphology 2005;
38: 181-192
Jeltsch M, Tammela T, Alitalo K, Wilting J. Genesis and pathogenesis of lymphatic vessels. Cell Tissue Res 2003; 314: 69-84
Arbuthnott JP. Staphylococcal α-toxin. In: Microbiological
toxins. New York, 1970: 189-236
Brown DA. Some effects of staphylococcal alpha-toxin on
the cardiovascular system. Br J Pharmacol Chemother 1966; 26:
580-590
Thelestam M, Blomqvist L. Staphylococcal alpha toxin--recent
advances. Toxicon 1988; 26: 55-65
Brill GE, Sergeev IP, Glazkova EI, Morokhovets NV. [Effect of
staphylococcal toxin on the microcirculatory system]. Patol Fiziol
Eksp Ter 1992; (1): 21-23
Brill GE, Zakharova (Galanzha) EI. The lymphatic microvessels disfunction under the influence of staphylococcal toxin.
Proceedings of the 6th World Congress for Microcirculation;
1996 Aug 25-30; Munich, Germany. Messmer K, Kubler WM,
editors. International Proceedings Division: Monduzzi Editore, 1996: 179-182
Brill GE, Zakharova (Galanzha) EI. Pharmacological correction
of lymph microcirculation disorders induced by staphylococcal toxin. Proceedings of the 6th World Congress for Microcirculation; 1996 Aug 25-30; Munich, Germany. Messmer K,
Kubler WM, editors. International Proceedings Division: Monduzzi Editore, 1996: 175-177
Brill GE, Zakharova (Galanzha) EI. Modification of lymphoconstriction action of staphylococcal toxin by laser radiation.
Laser Tech Optoelectronics 1992; 1-2: 36-39
Harshman S, Boquet P, Duflot E, Alouf JE, Montecucco
C, Papini E. Staphylococcal alpha-toxin: a study of membrane penetration and pore formation. J Biol Chem 1989; 264:
14978-14984
Ward RJ, Leonard K. The Staphylococcus aureus alpha-toxin
channel complex and the effect of Ca2+ ions on its interaction
with lipid layers. J Struct Biol 1992; 109: 129-141
Browse NL, Stewart G. Lymphoedema: pathophysiology and
classification. J Cardiovasc Surg (Torino) 1985; 26: 91-106
The diagnosis and treatment of peripheral lymphedema.
Consensus document of the International Society of Lymphology. Lymphology 2003; 36: 84-91
Bruns F, Schueller P. Novel Treatment Options in Secondary
Lymphedema. AAHPM Bulletin 2005; 5-7
Szuba A, Rockson SG. Lymphedema: anatomy, physiology
and pathogenesis. Vasc Med 1997; 2: 321-326

217

173 Witte CL, Witte MH, Unger EC, Williams WH, Bernas MJ, McNeill GC, Stazzone AM. Advances in imaging of lymph flow
disorders. Radiographics 2000; 20: 1697-1719
174 Földi E, Földi M, Clodius L. The lymphedema chaos: a lancet.
Ann Plast Surg 1989; 22: 505-515
175 Gregl A. [Secondary leg edema--experimental study]. Z Lymphol 1988; 12: 48-53
176 Pflug JJ, Calnan JS. The experimental production of chronic
lymphoedema. Br J Plast Surg 1971; 24: 1-9
177 Kinjo O, Kusaba A. Lymphatic vessel-to-isolated-vein anastomosis for secondary lymphedema in a canine model. Surg
Today 1995; 25: 633-639
178 Galanzha EI, Tuchin VV, Solov’eva AV, Stepanova TV, Brill
GE and Zharov VP. Development imaging and experimental
model for studying pathogenesis and treatment efficacy of
postmastectomy lymphedema. Proc SPIE 2002; 4624: 123-129
179 Galanzha EI, Solov’eva AV, Stepanova TV, Tuchin VV, Brill
GE and Zharov VP. Analysis of lymph microcirculation in
norm, at the experimental lymphedema and pathological
stress on animal model. Abstracts of the 22nd Meeting of the
European Society for Microcirculation. Exeter, Devon, United
Kingdom. August 28-30, 2002. J Vasc Res 2002; 39 Suppl 1: 9-99
180 Solov’eva AV, Brill GE, Galanzha EI, Stepanova TV. Stressinduced changes in lymph microcirculation. Proc SPIE 2004;
4241: 309-311
181 Solov’eva AV, Galanzha EI, Stepanova TV, Brill’ GE. Changes
in lymph microcirculation during pathological stress. Bull Exp
Biol Med 2002; 134: 241-243
182 Tuchin VV. Optical clearing of tissue and blood using the immersion method. J Phys D: Appl Phys 2005; 38: 2497-2518
183 Tuchin VV. Optical immersion as a new tool for controlling
the optical properties of tissues and blood. Laser Physics 2005;
15: 1109-1136
184 Columbano A. Cell death: current difficulties in discriminating
apoptosis from necrosis in the context of pathological
processes in vivo. J Cell Biochem 1995; 58: 181-190
185 B r a u e r M . I n v i v o m o n i t o r i n g o f a p o p t o s i s . P r o g
Neuropsychopharmacol Biol Psychiatry 2003; 27: 323-331
186 Darzynkiewicz Z, Bedner E, Traganos F. Difficulties and pitfalls in analysis of apoptosis. Methods Cell Biol 2001; 63: 527-546
187 Alenzi FQ, Wyse RK, Altamimi WG. Apoptosis as a tool for
therapeutic agents in haematological diseases. Expert Opin Biol
Ther 2004; 4: 407-420
188 Haas RL, de Jong D, Valdés Olmos RA, Hoefnagel CA, van
den Heuvel I, Zerp SF, Bartelink H, Verheij M. In vivo imaging of radiation-induced apoptosis in follicular lymphoma
patients. Int J Radiat Oncol Biol Phys 2004; 59: 782-787
189 Yan SD, Stern DM. Mitochondrial dysfunction and Alzheimer’
s disease: role of amyloid-beta peptide alcohol dehydrogenase
(ABAD). Int J Exp Pathol 2005; 86: 161-171
190 Gradl G, Gaida S, Gierer P, Mittlmeier T, Vollmar B. In vivo
evidence for apoptosis, but not inflammation in the hindlimb
muscle of neuropathic rats. Pain 2004; 112: 121-130
191 Al-Gubory KH. Fibered confocal fluorescence microscopy for
imaging apoptotic DNA fragmentation at the single-cell level
in vivo. Exp Cell Res 2005; 310: 474-481
192 Chan K, Truong D, Shangari N, O’Brien PJ. Drug-induced
mitochondrial toxicity. Expert Opin Drug Metab Toxicol 2005; 1:
655-669
193 Alenzi FQ. Apoptosis and diseases: regulation and clinical
relevance. Saudi Med J 2005; 26: 1679-1690
194 Hunter AL, Choy JC, Granville DJ. Detection of apoptosis in
cardiovascular diseases. Methods Mol Med 2005; 112: 277-289
195 Nagata S. Apoptosis and autoimmune diseases. IUBMB Life
2006; 58: 358-362
196 Desmettre T, Devoisselle JM, Mordon S. Fluorescence properties and metabolic features of indocyanine green (ICG) as
related to angiography. Surv Ophthalmol 2000; 45: 15-27
197 Bollinger A, Saesseli B, Hoffmann U, Franzeck UK. Intravital
detection of skin capillary aneurysms by videomicroscopy
with indocyanine green in patients with progressive systemic
sclerosis and related disorders. Circulation 1991; 83: 546-551

www.wjgnet.com

218

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

198 Borotto E, Englender J, Pourny JC, Naveau S, Chaput JC,
Lecarpentier Y. Detection of the fluorescence of GI vessels in
rats using a CCD camera or a near-infrared video endoscope.
Gastrointest Endosc 1999; 50: 684-688
199 Wei X, Runnels JM, Lin CP. Selective uptake of indocyanine
green by reticulocytes in circulation. Invest Ophthalmol Vis Sci
2003; 44: 4489-4496

January 14, 2007

Volume 13

Number 2

200 Kitai T, Inomoto T, Miwa M, Shikayama T. Fluorescence navigation with indocyanine green for detecting sentinel lymph
nodes in breast cancer. Breast Cancer 2005; 12: 211-215
201 Moneta G, Brülisauer M, Jäger K, Bollinger A. Infrared fluorescence videomicroscopy of skin capillaries with indocyanine
green. Int J Microcirc Clin Exp 1987; 6: 25-34
S- Editor Liu Y L- Editor Lutze M E- Editor Bai SH

www.wjgnet.com

World J Gastroenterol 2007 January 14; 13(2): 219-223
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

REVIEW

Differential diagnosis between functional and organic
intestinal disorders: Is there a role for non-invasive tests?
Francesco Costa, Maria Gloria Mumolo, Santino Marchi, Massimo Bellini
Francesco Costa, Maria Gloria Mumolo, Santino Marchi,
Massimo Bellini, Section of Gastroenterology, Department of
Internal Medicine,University of Pisa, Pisa, Italy
Correspondence to: Francesco Costa, MD, PhD, Dipartimento
di Medicina Interna - S.O. di Gastroenterologia, Universita’ di
Pisa, Ospedale S. Chiara, Via Roma, PISA 67-56122,
Italy. fcosta@med.unipi.it
Telephone: +39-50-993485-918720 Fax: +39-50-993050
Received: 2006-08-11
Accepted: 2006-11-11

Abstract
Abdominal pain and bowel habits alterations are common
symptoms in the general population. The investigation
to differentiate organic from functional bowel disorders
represents a considerable burden both for patients
and public health service. The selection of patients
who should undergo endoscopic and/or radiological
procedures is one of the key points of the diagnostic
process, which should avoid the abuse of invasive
and expensive tests as well as the underestimation of
potentially harmful diseases. Over the coming years,
clinicians and researchers will be challenged to develop
strategies to increase the patient’s compliance and to
reduce the economic and social costs of the intestinal
diseases.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
For the sake of simplicity, bowel diseases have been divided
into organic (OBD) and functional (FBD) disorders. In the
past, FBD was merely considered an “umbrella” for many
clinical pictures where the term functional reflected an
unknown etiology and/or pathogenesis and their existence
was even denied by some physicians[1,2]. In the last years,
the fast-growing insight into the pathogenesis of intestinal

diseases has been narrowing the field of disturbances “not
explained by structural or biochemical abnormalities”,
in parallel with the progress of diagnostic tools and the
development of novel technologies. Recent evidences,
such as the role of serotonin in visceral functions[3-5], the
post-infective onset of irritable bowel syndrome (IBS)[6]
or data about potential neuroendocrine dysfunctions [7]
shed light on the phenomena underlying FBD. The
“biopsychosocial model” focused on the complex
interplay among genetics, environment, psychosocial and
physiological factors, significantly contributed to clarify the
true genesis of “functional” symptoms and to modify both
treatment and clinical outcome[8]. However, while the new
scenario of pathogenesis suggests an overlapping between
morphologic and functional abnormalities, in clinical
practice the distinction is maintained in prognostic terms,
as “functional” identifies scarcely evolutive and virtually
harmless conditions.
As the intestine reacts to different stimuli with a limited
array of symptoms, the investigation to differentiate OBD
and FBD represents a considerable burden for both the
patients and public health service.
The selection of patients who should underg o
endoscopic and/or radiological procedures is one of the
key points of the diagnostic process, which should avoid
the abuse of invasive and expensive tests as well as the
underestimation of potentially dangerous diseases. In
particular, we should take into account the high prevalence
and increasing incidence of colo-rectal cancer which, at
an early stage, can be successfully treated by endoscopic
resection. Nevertheless, colonoscopy is not advisable in
all patients with abdominal complaints in the absence of
“red flag” features (age > 45 years, anaemia, bleeding,
fever, weight loss, etc.) (Figure 1). Chronic or recurrent
abdominal pain and bowel habit alterations are common
symptoms in the general population. Because a wide range
of etiologies may underlie these symptoms, they do not
allow a differential diagnosis between OBD (neoplasm,
infectious enteritis, Crohn’s disease, celiac disease, etc.)
and FBD. Moreover, patients may present overlapping
syndromes as OBD and FBD , are not mutually exclusive
and can be present in the same patient. FBD, mainly
IBS, which affect 5%-20% of general population, are the
most common intestinal disorders in both primary and
secondary care[9-11]. Most patients are diagnosed and treated
by general practitioners (GPs) and only those unresponsive
to conventional treatment[10,12] are eventually referred to a
gastroenterologist[9,13].
In order to improve the positive identification of
www.wjgnet.com
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Diarrhoea

Rome criteria positive
Abdominal pain/bloating

Dietary suggestions/
Osmotic laxative

Negative

Routine blood tests plus
TSH
Coeliac serology
Abdominal ultrasound
Colonoscopy

Routine blood tests plus TSH
Coeliac serology
Lactose breath test/lactose withdrawn
Faecal biomarkers (FOBT, Calprotectin,
Lactoferrin)
Abdominal ultrasound
Stool culture, test for ova and parasites and chemicophysical examination

Further investigation and/or
specific therapy

Clinical evaluation
after 4-8 wk

Positive

Negative

Symptomatic therapy

Positive

Follow up

Negative

Negative

Colonoscopy
biopsies

Follow up

Psychiatric evaluation
Anorectal manometry
Defecography
Colonic transit time
(Colonic manometry)
(Gastrointestinal manometry)

Reassurance,
Dietary suggestions,
Pharmacological treatment

Negative

Positive

Positive

Number 2

Red flags -

Rome criteria negative

Constipation

Volume 13

Diarrhoea

Negative

Psychiatric evaluation
Small bowel endoscopic/radiologic study
Screening for food intolerance
G-I hormones assay
Sorbitol/fructose/lactulose breath tests

Positive

Further investigation and/or
specific therapy

Abdominal pain/bloating
Psychiatric evaluation
Plain abdominal X-rays
Assessment of porphyrins and its metabolites
Small bowel transit (radiologic/scintigraphic)
Gastrointestinal manometry
Sorbitol/fructose/lactulose breath tests

Figure 1 Suggested approach to the diagnosis of chronic abdominal symptoms.

patients affected with FBD, the Rome classification system
has been developed. Although these guidelines have
raised controversies about duration, frequency, severity
and terminology itself of symptoms, they have created
a common language for FBD and are now considered
the gold standard. Unfortunately, Rome criteria have
been developed by and for specialists working in the
secondary care setting; they are ignored by many GPs
and considered by others, as well as by many specialists,
too complex and time-consuming and/or restrictive,
suitable only for the tertiary care setting and for research
purposes[14]. Therefore, many GPs and gastroenterologists
are confident of making a correct diagnosis based on their
personal criteria[14,15] and, in the absence of any biological
or instrumental marker, FBD is still an exclusive diagnosis
which often require extensive investigation. The recent
Rome Ⅲ criteria appear to be simpler and less restrictive
and hopefully will help the diagnosis of FBD on clinical
basis[16].
When FBD is suspected, the clinical criteria can be
combined with a number of non-invasive diagnostic tools.
Unfortunately serological biomarkers of inflammation
such as erythrocyte sedimentation rate, C-reactive protein,
white cell count, platelet count, are not sufficiently sensitive
or sufficiently specific because they do not directly reflect
www.wjgnet.com

the level of local inflammation [17-19]. The faecal occult
blood test is of little use in detecting inflammatory bowel
diseases (IBD) and has a low sensitivity for the diagnosis
of colon cancer, especially at an early stage[20,21]. Therefore,
in recent years considerable effort has been devoted to
find alternative solutions. The latest knowledge about
the pathogenesis of FBD (infection, food allergy or
intolerance)[22-24], have focused attention on the role of
microscopic inflammation, bacterial overgrowth, altered
immunity and even more subtle alterations, whose effects
are detectable in non-invasive manner, by analysing stools,
breath samples and blood.

FAECAL MARKERS
Neutrophil-derived proteins
Faecal neutrophil-derived proteins (mainly calprotectin and
lactoferrin) assessment is receiving increasing attention as
promising tools to differentiate OBD and FBD; although
their clinical use needs definitive confirmation especially in
the work-up of FBD, they could be the putative ideal test
for non-invasive assessment of intestinal inflammation[25-27].
Calprotectin is a 36-kDa calcium and zinc binding
protein that accounts for about 60% of total proteins in
the cytosol fraction of neutrophil granulocytes[28,29]. An
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increase in faecal calprotectin levels in IBD, colorectal
cancer and non-steroidal anti-inflammator y dr ugs
enteropathy has been reported[30-33]. In a study of Dolwani,
faecal calprotectin was superior to small bowel barium
follow-up in identifying patients with organic diseases[34].
In Crohn’s disease (CD) and ulcerative colitis (UC), its
levels closely correlated with the faecal excretion of 111Inlabelled leukocytes, which is considered to be the gold
standard for measuring intestinal inflammation [35] and
recently it has been reported that a high faecal calprotectin
concentration may identify those IBD patients in remission
who are at risk of early relapse[36,37]. Calprotectin has a
high negative predictive value for intestinal inflammation.
It has low specificity for intestinal pathology but, at a cutoff of 30 mg/L (150 μg/g of faeces by the new method),
it showed a sensitivity of 100% in discriminating between
active Crohn’s disease and IBS[27]. The combined use of
presence/absence of alarm features, Rome criteria and
calprotectin test proved to be a non-invasive, effective
mean of screening patients for organic intestinal disease[38].
Lactoferrin is an iron-binding protein contained in
organic fluid, intestinal mucus and in neutrophils. Similarly
to calprotectin, faecal lactoferrin proved to be a simple,
sensitive marker of intestinal inflammation[25,39,40].
DNA
The molecular genetics of colorectal cancer provided the
basis for the analysis of faecal DNA[41]. Colonoscopy is
the best tool for the diagnosis of colorectal cancer but
it cannot be proposed for a systematic screening of the
entire population > 50 years of age. The recent availability
of faecal-based, multi-target DNA panel has allowed
a better sensitivity than faecal occult blood test for the
detection of colorectal cancer[21]. This panel consists of
different mutations (K-ras gene, APC gene, p53 gene),
markers of microsatellite-instability and markers of
disordered apoptosis, clearly involved in the progression
of colorectal cancer. Although the performance of faecal
DNA testing is not comparable to colonoscopy, it is simple
and non-invasive, therefore its use at frequent intervals
might compensate for the lower diagnostic accuracy[21].
Pancreatic elastase
Chronic pancreatitis is a frequent cause of abdominal
pain and diarrhoea whose diagnosis often requires
complex and expensive procedures. The assessment
of pancreatic elastase on stools seems to offer a better
performance than previous non-invasive tests (i.e. serology,
Pancreolauryl test, faecal tests for pancreatic enzyme)
with a high sensitivity for moderate and severe pancreatic
insufficiency[42,43]; this faecal test, like faecal neutrophilderived protein assessment, is easy to perform, requires
a single stool sample and offers a great advantage in
terms of patient’s compliance. Although most authors
reported poor sensitivity for mild disease, its use has been
recommended as a first choice test in patients with chronic
diarrhoea of putative pancreatic origin[44].
If these experimental data are confirmed in large
controlled studies, the routine use of faecal tests might
contribute to the selection of patients with abdominal
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complaints both in the first diagnosis and in the follow-up
avoiding invasive and expensive procedures.

BREATH TESTS
Breath analysis is a simple and safe alter native to
invasive tests to investigate digestive functions. Exhaled
hydrogen (H2) and carbon (C) can be employed to assess
malabsorption, gastrointestinal motility and H pylori
infection. H 2 in humans is produced only by bacterial
fermentation of carbohydrates[45]. This process has been
related to the onset of symptoms such as diarrhoea,
bloating and abdominal pain [46,47]. Different hydrogen
breath tests are currently used to detect carbohydrate
malabsorption. Lactose, fructose, sorbitol are the most
commonly tested carbohydrates, although their role in
symptoms of FBD is controversial, and the prevalence
of lactose, fructose and sorbitol malabsorption in IBS
patients is not different from healthy subjects[48].
Small intestinal bacterial overgrowth (SIBO) is a
malabsorption syndrome characterized by more than 105
colonic type bacterial/mL of jejunal juice described in
case of structural bowel alterations (surgical blind loop,
stenosis, etc), motility disturbances (pseudo-obstruction,
diabetic autonomic neuropathy, sclerodermia) and also
present in chronic diseases (liver cirrhosis, chronic
pancreatitis, chronic renal failure) [49]. Recent data also
indicate that an altered gut flora may play a pathogenic
role both in IBS and IBD[50,51]. It has been shown that
eradication of SIBO eliminates IBS symptoms in 48%
of patients[52]. Although jejunal culture is considered the
gold standard for the diagnosis of SIBO, some drawbacks
limit its widespread use; thus, glucose and lactulose breath
tests are commonly employed. Breath tests based on
the excretion of CO2 subsequently measured by a mass
spectrometer have been developed; they employ a variety
of 13C substrates to investigate the exocrine pancreatic
function ( 13C triolein, 13C mixed chain triglyceride) [53],
gastric emptying ( 13 C octanoate) [54] , as well as in the
diagnosis of H pylori infection (13C urea)[55].
The simplicity and the safety of breath tests
encouraged a widespread use, but the data on their low
diagnostic accuracy should be taken into account and their
use on regular basis cannot be recommended in clinical
practice[56].

SERUM
Recent literature highlighted that approximately 4%
of patients diagnosed as IBS are affected with celiac
disease[57]. Altered bowel habits and abdominal pain, the
clinical hallmark of IBS, are common in celiac patients,
and serological assessment for anti-endomysial and antitransglutaminase antibodies should be performed as a first
level test when IBS is suspected. Many patients suffering
from abdominal pain and/or bowel habit changes perceive
their symptoms as related to some for m of dietary
intolerance and show a good response to an exclusive
diet. Nevertheless, any attempt to correlate food-specific
IgE production and chronic abdominal symptoms has
been disappointing[24,58]. Although it has been reported
www.wjgnet.com
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that sometimes IgE-mediated reactivity can present with
chronic abdominal complaints, the measurement of
food-specific IgE antibody concentrations to ascertain
food intolerance in FBD is not justified and should be
discouraged[59]. Preliminary data showed that high titres of
food-specific IgG4 antibodies are present in IBS patients
suggesting a diagnostic role in those cases of IBS who
could benefit mostly by an exclusive diet[60]. Their clinical
follow-up and further research are needed to clarify the
importance of these findings and their role in clinical
practice.

CONCLUSION
Likely the near future will lead to a deep revision of the
concept of “functional disorder”. The striking progress
in our knowledge of the molecular basis of diseases is
identifying new models for FBD pathogenesis, which tend
to be less “functional” and more “organic”.
These new evidences will have a relevant effect on the
clinical management of intestinal diseases. We are not far
from the time when the development of minimally or noninvasive techniques will allow an accurate diagnosis, a serial
monitoring and a “real time” adjustment of therapy.
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Abstract
Despite progress in the treatment of advanced and
metastatic pancreatic cancer (PC), the outcome of this
disease remains dismal for the majority of patients.
Given the moderate efficacy of treatment, prognostic
factors may help to guide treatment decisions. Several
trials identified baseline performance status as an
important prognostic factor for survival. Unfit patients
with a Karnofsky performance status (KPS) below 70%
only have a marginal benefit from chemotherapy with
gemcitabine (Gem) and may often benefit more from
optimal supportive care. Once, however, the decision is
taken to apply chemotherapy, KPS may be used to select
either mono- or combination chemotherapy. Patients
with a good performance status (KPS = 90%-100%) may
have a significant and clinically relevant survival benefit
from combination chemotherapy. By contrast, patients
with a poor performance status (KPS ≤ 80%) have no
advantage from intensified therapy and should rather
receive single-agent treatment.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Advanced pancreatic cancer (PC) is an incurable disease
and without appropriate treatment survival is limited to
3-4 mo. Since Burris et al[1] demonstrated the superiority
of gemcitabine (Gem) over bolus 5-fluorouracil (5-FU),
single-agent Gem has evolved as a standard of care.
Numerous trials consistently support the notion that
Gem alone may induce a median overall survival (OS)
of 5-7 mo and a 1-year-survival of 11%-25%[2]. A great
effort has been undertaken to improve these results by
use of combination chemotherapy. Up to now, only
two combinations, Gem plus erlotinib[3] and Gem plus
capecitabine[4] have provided a significant prolongation of
survival when compared to Gem alone.
Due to the moderate progress derived from chemotherapy, the question arises if subgroups of patients can
be identified who benefit most from specific treatment
strategies. Previous studies already tried to identify
prognostic factors such as pre-treatment CA 19-9 levels[5,6],
inflammatory response markers like C-reactive protein
(CRP) or cytokines [7,8], serum-albumin levels [9] or pretreatment perfor mance status [10-12] . In this over view
we analysed Karnofsky performance status (KPS) as a
prognostic factor to define a patient group which may
benefit from more intensive therapy as opposed to those
patients who should rather receive single-agent treatment.

CLINICAL TRIALS
Single-agent therapy
The clinical importance of the KPS for the outcome
of PC patients treated with Gem was first elucidated by
Storniolo and co-workers[13]. Within an investigational new
drug treatment program 3023 patients were evaluated.
The analysis of baseline efficacy factors indicated that
patients with a KPS ≥ 70% had a median survival of 5.5
mo as compared to only 2.4 mo observed in patients with
a KPS < 70%. Also median time to disease progression
(TTP) was greater in the good performance group (2.9 vs
1.7 mo, respectively). Interestingly, best tumor response
was comparable between the two groups (12% vs 10%)
supporting the notion that in PC response to therapy is
only a poor surrogate endpoint for survival. In view of
this analysis, it appears unlikely that patients with a KPS <
70% actually benefit from therapy and the conclusion may
be drawn that chemotherapy with Gem should rather be
withheld in patients with a very poor performance status.
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Table 1 Influence of performance status on median survival in
randomized phase Ⅲ trials

KPS 90-100 Reference

Gemcitabine + Cisplatin
Gemcitabine
Statistical significance

4.91
4.81
P = 0.64

10.7
6.9
P = 0.051

Heinemann et al

Gemcitabine + 5-FU/FA
Gemcitabine
Statistical significance

3.4
4.9
P = 0.62

8.5
6.2
P = 0.172

Riess et al

Gemcitabine + Capecitabine 5.3
Gemcitabine
7.0
Statistical significance
P = 0.22

10.1
7.5
P = 0.024

Herrmann et al

Karnofsky group 70%-80%:
Gem/Cis vs Gem
HR = 1.13, P = 0.64

0.8
Survival rate

Overall Survival (mo)
KPS 60-80

0.6
0.4
Gemcitabine

0.2
Gemcitabine + Cisplatin

0.0
0
200
		

400

1.0

KPS = Karnofsky performance status, subgroup with poor performance
status defined as KPS 70%-80%.
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Figure 2 Randomized phase Ⅲ trial comparing gemcitabine (Gem) vs
gemcitabine plus cisplatin (Cis): Subgroups KPS 70%-80% and KPS 90%-100%;
Overall survival (OS) by treatment arm (HR = hazard ratio).
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Figure 1 Randomized phase Ⅲ trial comparing gemcitabine (Gem) vs
gemcitabine plus cisplatin (Cis): Subgroups KPS 70%-80% and KPS 90%-100%;
Progression-free survival (PFS) by treatment arm (HR = hazard ratio).

Gemcitabine plus Cisplatin
The combination of Gem and cisplatin is based on a
synergistic cytotoxic interaction of the two agents, namely
the propensity of Gem to inhibit repair of cisplatininduced DNA damage. In a randomized phase Ⅲ trial
Gem plus cisplatin was compared to single-agent Gem[14].
In the combination arm, Gem (1000 mg/m2) and cisplatin (50 mg/m2) were both applied in a biweekly fashion,
while in the single-agent arm Gem was given at a dose of
1000 mg/m2 weekly times three in a 4-wk regimen. One
hundred ninety-five patients with histologically confirmed
advanced PC (KPS > 70%) were randomized and survival
was evaluated as the primary end-point.

In a post-hoc analysis of this trial, patients were divided into groups with good (KPS = 90%-100%) and poor
performance status (KPS = 70%-80%). Patients with a
poor performance status at base-line (KPS 70%-80%) had
no benefit from combination therapy as compared to Gem
alone and comparably disappointing results were obtained
for progression free survival (PFS: 2.8 vs 2.9 mo, P = 0.69)
and OS (4.9 vs 4.8 mo, P = 0.64) (Table 1). By contrast,
patients with a good KPS (90%-100%) who underwent
treatment with Gem/cisplatin had a significantly longer
PFS compared to patients treated with single-agent Gem
(7.7 vs 2.8 mo, P = 0.013) (Figure 1). This prolongation of
PFS also translated into a prolonged median OS (10.7 vs 6.9
mo), that reached a borderline level of statistical significance (P = 0.051) (Figure 2).
In the univariate analysis for prognostic factors, KPS
(HR = 0.52, P = 0.006) and stage of disease (HR = 1.55,
P = 0.0048) had a significant impact on survival, while age,
gender, tumor grading and treatment arm did not. These
data were confirmed in a multivariate analysis which identified KPS (HR = 0.59, P = 0.0051) and stage of disease (HR
= 1.65, P = 0.022) as independent determinants of overall
survival[14].
Gemcitabine plus 5-FU
The CONKO-002 trial compared the combination of
Gem plus folinic acid (FA) and 5-FU to single-agent
Gem[15]. In this randomized phase Ⅲ trial Gem was given
at a dose of 1000 mg/m2 together with FA 200 mg/m2
and 5-FU 750 mg/m2 weekly times four every six weeks.
In the comparator arm, single-agent Gem was applied acwww.wjgnet.com
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cording to the Burris regimen (1000 mg/m2 weekly × 7
followed by two weeks rest and a subsequent application
on d 1, 8, and 15 every four weeks[1]). Both treatment arms
induced nearly identical results for tumor response rates
(Gem/FA/5-FU vs Gem: RR = 4.8% vs 7.2%), median
time to tumor progression (TTP = 3.5 vs 3.5 mo), and median survival time (OS = 5.9 vs 6.2 mo). Also in this trial,
the subgroup analysis indicated that patients with a poor
performance status (KPS = 60%-80%) responded in a different way compared to the good performance group (KPS
= 90%-100%). In patients with a poor performance status,
combination treatment induced a worse survival than gemcitabine alone (3.4 vs 4.9 mo). By contrast, a strong trend
towards an improved survival was observed in the good
performance group treated within the combination arm (8.5
vs 6.2 mo, P = 0.172) (Table 1).
Gemcitabine plus Capecitabine
Herrmann and co-workers performed a randomized trial
comparing Gem (1000 mg/m 2, d 1 + 8, q 3 wk) plus
capecitabine (650 mg/m2 po bid d 1-14 q 3 wk) to Gem
given according to the Burris-regimen[16]. While the combination induced a higher median PFS than Gem alone
(4.8 vs 4.0 mo) and a longer median OS (8.4 mo vs 7.3 mo),
these results failed to reach the level of statistical significance. In the unfavorable KPS group (60%-80%), survival
with Gem/capecitabine was inferior to Gem alone (5.3 vs
7.0 mo), while in the good performance group the combination induced a significantly superior survival time (10.1
vs 7.5 mo, P = 0.024) (Table 1).

CONCLUSION
Despite recent advances in systemic treatment of patients
with advanced PC, the prognosis still remains poor. Thus,
pre-treatment patient selection, based on prognostic
factors, for different therapeutic options (e.g. supportive
care only, single-agent chemotherapy, combination
chemotherapy) may turn out to gain clinical importance.
Additionally, these prognostic factors may also be a useful
for the design of future trials in advanced PC.
In the present review, we summarized the clinical importance of performance status as a prognostic factor for
OS. In a randomized trial comparing Gem plus cisplatin
to Gem alone potential prognostic factors such as stage
of disease, KPS, treatment arm, age, sex, and pathological
tumor grade were evaluated in a univariate analysis. Only
pre-treatment KPS and distant metastasis could be identified as significant prognostic factors for OS. In a multivariate analysis, both could be confirmed as independent
prognostic factors for PFS and OS[14]. The importance of
performance status has already been observed by Louvet
and co-workers who compared the Gem plus oxaliplatin
combination to single-agent Gem[12]. He reported that distant metastasis and a poor PS (ECOG 2) at baseline were
independent negative prognostic factors. These data were
further supported by van Cutsem et al[9] who investigated
the efficacy of Gem plus tipifarnib in a large randomized
phase Ⅲ trial. ECOG performance status and stage of
disease (locally advanced vs metastatic) were, besides tumor
differentiation and albumin levels, highly significant progwww.wjgnet.com
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nostic factors for survival in a univariate analysis.
Once performance status is defined as a clinically relevant prognosticator for patient outcome, the question
needs to be asked if performance status can also be used
to guide adequate treatment selection. Storniolo et al[13]
clearly demonstrated that the benefit from single-agent
Gem is very low if patients with a KPS < 70% are treated.
More often than not these patients will rather benefit from
optimal supportive care.
Once, however, the decision is taken that a patient
should receive chemotherapy it needs to be clarified if
combination or single-agent chemotherapy is likely to
provide an optimal therapeutic result. The relevance of
KPS in this particular question was investigated based on
a randomized trial comparing the Gem/cisplatin combination to Gem alone. In a retrospective subgroup analysis,
patients with a good KPS (90%-100%) had a clear benefit
from the Gem/cisplatin combination with regard to PFS
(7.7 vs 2.8 mo, P = 0.013) and OS (10.7 vs 6.9 mo, P = 0.051).
Outcome of patients with a poor KPS (70%-80%) was,
however, not affected by the choice of treatment. Similar
observations were also reported in two further phase Ⅲ
trials[15,16]. While none of them demonstrated a significant
superiority of combination chemotherapy for the whole
study population, both trials could show a clinical relevant
benefit for patients with a good performance status.
In conclusion, Gem-based combination regimens have
the potential to prolong survival in patients with a good
KPS, whereas patients with a poor KPS have no advantage
and may as well receive single-agent Gem. Consideration
of the performance status may, therefore, help to select
adequate treatment strategies and thus may provide a reasonable step towards individualized therapy. Individualization of treatment becomes necessary since the benefit
from more intensive combination chemotherapy can only
be expected in defined subgroups of PC patients.
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INTRODUCTION
Abstract
AIM: To characterize the IFN-response and its modulation by the antiviral compound lamivudine in HBVtransfected HepG2.2.15 cells.
METHODS: H e p G 2 . 2 . 1 5 a n d H e p G 2 c e l l s w e r e
stimulated with various concentrations of IFN-α2a in the
presence or absence of lamivudine. Then, total RNA was
extracted and analysed by customised cDNA arrays and
northern blot for interferon-inducible genes (ISGs). In
addition, cellular proteins were extracted for EMSA and
western blot. HBV replication was assessed by southern
blot or ELISAs for HBsAg and HBeAg.
RESULTS: Two genes (MxA, Cig5) with completely
abolished and 4 genes (IFITM1, -2, -3, and 6-16)
with partially reduced IFN-responses were identified
in HepG2.2.15 cells. In 2 genes (IFITM1, 6-16), the
response to IFN-α could be restored by treatment with
lamivudine. This effect could not be explained by a
direct modulation of the Jak/Stat signalling pathway
since EMSA and western blot experiments revealed no
suppression of Stat1 activation and ISGF3 formation
after stimulation with IFN-α in HepG2.2.15 compared to
HepG2 cells.
CONCLUSION: These results are consistent with the
assumption that chronic hepatitis B may specifically
modulate the cellular response to IFN by a selective
blockage of some ISGs. Antiviral treatment with
lamivudine may partially restore ISG expression by
reducing HBV gene expression and replication.
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Hepatitis B (HBV) is a hepatotropic DNA virus capable
of causing both acute and chronic hepatitis in humans. It
is estimated that over 350 million people are chronically
infected with HBV worldwide. Currently approved therapeutic strategies for treatment of HBV include interferonalpha (IFN-α), the nucleoside analogue lamivudine and
the nucleotide analogue adefovir [1,2]. However, only a
minority of patients treated with IFN-α has a long-term
sustained response with ‘eradication’ of the virus. Patients
with a high viral load, in particular, rarely respond to IFN
therapy. Treatment with lamivudine, on the other hand, is
complicated by a high rate of viral resistance and a high
relapse rate after cessation of therapy, respectively[3]. Both
the emergence of viral resistance and relapse after therapy
are often associated with a hepatitis flare, which can sometimes be fatal. Thus, novel strategies are needed to improve
treatment for this disease.
To develop new regimens it is necessary to gain further insights into the interactions between HBV and the
main antiviral system of the host, the IFN-system. It has
been shown that typeⅠand type Ⅱ interferons are able to
suppress HBV-replication in livers from HBV-transgenic
mice[4-6]. This could also be demonstrated in vitro by using
immortalized hepatocyte cell lines from these animals[7]
and involves elimination of pregenomic RNA-containing
capsids, inhibition of DNA replication and reduction
of steady-state levels of HBV transcripts. The effector
mechanisms that have been associated with IFN-induced
suppression of HBV-replication include MxA[8] and proteasome mediated activities[9,10]. Additional data suggest a
role for GTP-binding proteins, signalling and various other
molecules in the control of HBV replication[11]. HBV can
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counteract these antiviral effector mechanisms by inhibiting proteasome activities in an HBX-dependent manner[12]
and by suppressing MxA expression at the promoter
level[13]. Furthermore, it has been shown that HBV replicated at higher levels in HBV-transgenic mice crossed with
IRF-1 or PKR deficient mice while replication was unchanged in transgenic mice crossed with RNase L deficient
mice[14].
Assuming that HBV may interfere with the expression
of ISGs, one would predict that the ISG expression in
cell lines with and without HBV may be different and this
would be modulated by inhibition of HBV gene expression and replication. The present study was performed to
test this hypothesis. Using customized cDNA arrays for
ISGs, we could identify 2 ISGs (MxA and Cig5) that are
completely abolished in HBV-transfected HepG2.2.15
cells and 4 genes (IFITM1, -2, -3 and 6-16) with partially
reduced responses. This suppression could partially be
restored in 2 genes (IFITM1, 6-16) by treatment with the
nucleoside analogue lamivudine suggesting an additional
therapeutic mechanism for this drug.

MATERIALS AND METHODS
Cell culture
HepG2.2.15 cells were kindly provided by G. Acs (Mount
Sinai Medical Cancer, New York, NY) and maintained in
Dulbecco’s Modified Eagle’s Medium, supplemented with
2 mmol/L L-glutamine 50 IU/ml of penicillin, 50 mg/l
of streptomycin, 500 mg/l of G418, 5% (vol/vol) fetal
bovine serum, at 37℃ in humidified incubators at 5%
CO2. The cells were seeded at a density of 8 × 105 cells
and maintained in a confluent state for 2 to 3 d before
being treated with antiviral compounds. At first, various
concentrations from 0.04 μmol/L to 100 μmol/L of lamivudine were used to reach the suitable drug concentration,
which profoundly suppressed HBV replication without cytotoxicity. At the same time, a time course of drug action
also was evaluated. Over a period of 10 d lamivudine was
added to the medium daily, then the cells were stimulated
by addition of IFN-α for 6 h. Thereafter, the media were
collected and DNA or RNA was extracted for further
analysis.
Analysis of secreted HBV particles
Detection of HBsAg and HBeAg was carried out by using
a commercially available kit (Dade Behring) according to
the manufacturer’s instructions. Medium samples collected
from HepG2.2.15 cells were centrifuged at 1200 rpm for
10 min to remove cellular debris, transferred to clean tubes
and stored at -20℃ until analysed. HBsAg and HBeAg
amounts were evaluated from absorbance reading values
(450 nm) compared to the constructed controls.
HBV DNA analysis
Extracellular virion HBV-DNA analysis: Medium of
HepG2.2.15 cells was collected and centrifuged (10 min,
2000 × g), and polyethylene glycol (Mr, 8000) was added
to the supernatant at a concentration of 10% (wt/vol)
followed by overnight precipitation at 4℃. The virions

229

were pelletted (30 min, 10 000 × g), and the pellet was resuspended in lysis buffer (10 mmol/L Tris-Cl, 5 mmol/L
EDTA, 150 mmol/L NaCl, 1% SDS) at room temperature
for 15 min. Proteinase K was added at a concentration of
500 μg/mL and the suspension incubated for 2 h at 56℃.
The digest was extracted with phenol/chloroform, 1:1 (vol/
vol) or chloroform, respectively, and the DNA was precipitated with 2.5 vol. of ethanol. The DNA pellet was dissolved in TE solution and then spotted onto Hybond-N+
membranes. Alternatively, the DNA was electrophoresed
in 1.2% agarose gel followed by blotting onto Hybond-N+
membranes. The bolt was hybridized with a 32P-labeled
HBV DNA probe (digested by NsiⅠfrom plasmids that
contained the full length HBV genome sequence dimer
and labelled with a RediprimeTM Ⅱ Random prime labelling system), washed with 2 × SSC/0.1% SDS at room
temperature for 20 min, twice, and 0.1 × SSC/0.1% SDS
at 60℃ for 45 min, and then autoradiographed. The intensity of the autoradiographic dots or bands was quantitated
using the Cyclone Storage Phosphor System (Packard
Instrument Company, Median, Conn.). All drug concentrations were tested in duplicate or triplicate, with antiviral
effects being scored as the amount of HBV DNA present
in the media relative to that in untreated controls.
Intracellular HBV replicative intermediates (RI)
analysis: HepG2.2.15 cells were consecutively treated with
various concentrations of lamivudine for 10 d. The cytoplasmic preparations containing HBV core particles were
isolated from the treated cells. Cells were lysed with lysis
buffer (50 mmol/L Tris-Cl, PH 7.4, 150 mmol/L NaCl,
5 mmol/L MgCl2, 0.5% NP-40) at room temperature for
5-10 min. The cytoplasmic fraction was separated from the
nuclear fraction by centrifugation. Unprotected DNA was
removed by adjusting cytoplasmic preparations so that they
contained 10 mmol/L MgCl2 and 500 μg/mL of DNase
Ⅰ(Roche, Germany) followed by a 1 h incubation at 37℃.
To extract replicative intermediates (RI), EDTA, sodium
dodecyl sulfate (SDS), NaCl and proteinase K (QIAGEN)
were added separately and sequentially to final concentrations of 10 mmol/L EDTA, 1% SDS, 100 mmol/L NaCl
and 500 mg/l of proteinase K. The sample was incubated
for 1.5 h at 56℃ and then subjected to sequential phenol
and chloroform extraction and isopropanol precipitation.
Precipitated nucleic acids were resuspended in a small
volume of TE solution and digested with 100 mg/l of
RNase (Roche, Germany) for 1 h at 37℃. Twenty micrograms of cytoplasmic preparations containing HBV replicative intermediates DNA (RI) were then analysed by electrophoresis in 1.2% agarose gels, followed by blotting onto
Hybond-N+ membranes. The bolt was hybridized with
a 32P-labeled HBV DNA probe (digested by NsiⅠfrom
plasmids which contain full length HBV genome sequence
dimer, and labelled with a RediprimeTM Ⅱ Random prime
labelling system), washed with 2 × SSC/0.1% SDS at
room temperature for 20 min, twice, and 0.1 × SSC/0.1%
SDS at 60℃ for 45 min, and then autoradiographed as described above.
RNA extraction
Total RNA was isolated from cells using Trizol according
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to the manufacturer’s instructions. RNA quantity and quality was assessed by determination of the optical density at
260 and 280 nm using spectrophotometry and additional
visualisation by agarose gel electrophoresis.
Gene expression profiling by customized cDNA macroarrays
Radiolabelled cDNA was generated from 20 μg total RNA
by reverse transcription with SuperscriptⅡ(Gibco, MD) in
the presence of 32P-dCTP. Residual RNA was hydrolysed
by alkaline treatment at 70℃ for 20 min and the cDNA
was purified using G-50 columns (Amersham Pharmacia,
UK). Before hybridisation to the macroarrays the labelled
cDNA was mixed with 50 μg COT-DNA (Gibco) and 10
µg Poly-A DNA (Sigma), denatured at 95℃ for 5 min and
hybridised for 1h to minimise non-specific binding. Preparation of the macroarrays (representing 150 known ISGs),
hybridisation of the radioactive cDNAs and scanning and
analysis of the macroarrays were carried out as described
previously[15].
Northern blot analysis
5 μg of total RNA was electrophoresed through a 1.2%
agarose gel containing formaldehyde and then transferred
to Hybond-N+ membranes. The immobilized RNA was
hybridized with a 32P-labeled DNA probe (IMAGE clones
PCR products, purified with Gel Extract kit, QIAGEN).
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sodium-dodecyl sulphate (SDS)-sample buffer, boiled
for 5 min and separated by electrophoresis (NuPAGE
4%-12% Bis-Tris Gel, Invitogen). The separated proteins
were transferred to a polyvinylidene difluoride membrane
(Hybond-P TM, Amersham Biosciences). After blocking
for 1 h at room temperature in 10% non-fat dry milk in
Tris-buffered saline with 0.1% Tween-20 (TBST) or 1%
BSA for antibodies specific for phosphorylated epitopes,
membranes were incubated with anti-p38, anti-pp38 (Santa
Cruz), anti-Stat1, anti-Stat1(pY701) and anti-ERK1, antiERK1/2(pT202/pY204) (BD Biosciences) overnight at
4℃, and thereafter with horseradish peroxidase-conjugated
anti-rabbit or anti-Mouse IgG (1:5000) (Amersham Biosciences) for 1 h at room temperature. The proteins were
detected with enhanced chemiluminescence reagent (ECL,
Amersham).
Southern blot analysis
Twenty micrograms of cytoplasmic preparations containing HBV replicative intermediates (RI) DNA were analysed by Southern blotting as above.

RESULTS

Electrophoretic Mobility Shift Assay
At 80% to 90% confluence, cells were stimulated with
IFN-α for 6 h. Preparations of nuclear extracts were performed according to the instruction of the manufacturer
(PIERCE, NE-PERTM Nuclear Extraction Reagent).
Nuclear extracts/DNA binding reactions were performed
in 20 μl containing 15 μg nuclear extract protein and 4
μL Gel Shift Binding 5 × Buffer (20% glycerol, 5 mmol/L
MgCl2, 2.5 mmol/L EDTA, 2.5 mmol/L DTT, 250 mmol/
L Tris-Cl, PH 7.5, 0.25 mg/ml Poly (dI-dC)·Poly (dI-dC)).
ISRE/GAS consensus oligonucleotides (5’-AAG TAC
TTT CAG TTT CAT ATT ACT CTA-3’) from the promoter region of the IFN-α responsive genes were used.
Mutant oligonucleotides (5’-AAG TAC TTT CAG TGG
TCT ATT ACT CTA-3’) were used as control. The probes
were end-labeled with γ-32P-ATP (U K, 3000 Ci/mol) at
room temperature for 20 min. Complexes were separated
from the probe in 4% naive poly-acrylamide gel in 0.5 ×
TBE buffer. The gels were subsequently dried and autoradiographed.

Differential expression of ISGs in HepG2.2.15 and HepG2
upon stimulation with IFN-α
Type 1 IFNs are known to induce an intracellular antiviral
state against many viruses. Therefore, we developed a customized cDNA array methodology to study the expression
of IFN stimulated genes (ISGs). At present, this system
permits the analysis of several hundred genes of interest.
A substantial spectrum of known ISGs is analysed with
this macroarray (Table 1). The sensitivity of this method
has also been assessed previously[15]. Conventionally, in
most micro- and macroarray systems a 2-fold change in
the expression level is regarded as being significant.
In the established hepatoma cell line, hepG2.2.15 with
stably transfected HBV genomes[16], ISG expression was
examined using the cDNA macroarrays (Table 2). While
many ISGs, e.g., 2-5 OAS, IFI 17, and RING4, were normally stimulated by IFN-α, several other ISGs were expressed at a lower level compared with the ISG expression
in HepG2 cells. The induction of 2 ISGs, MxA and Cig5,
was completely inhibited in HepG2.2.15 cells, while a partial inhibition was observed for 4 ISGs, IFITM1, IFITM2,
IFITM3, and 6-16 (Table 1, Figure 1). Thus, only a subgroup of ISGs was down regulated in HepG2.2.15.

Western blot analysis
After interferon treatment, cells were washed once with
ice-cold phosphate-buffered saline. Cells were lysed on ice
for 30 min in 0.5 ml lysis buffer containing 50 mmol/L
Tris, pH 8.0, 10% Glycerol, 0.5% NP40, 150 mmol/L
NaCl, 1 mmol/L DTT, 1 mmol/L EDTA, 1 mmol/L
Sodiumorthovanadate, 170 mg/l phenylmethylsulfonyl
fluoride, 2 mg/l Aprotinin, 1 mg/l Leupeptin. Lysates
were cleared by centrifugation in a microcentrifuge at
high speed for 30 min at 4℃. Protein concentration of
the supernatant was measured with Bradford reagent.
Equal amounts (100 μg) of proteins were suspended in

Analysis of the IFN response in HepG2.2.15 and HepG2
cells
The results above suggested that the IFN-signalling pathway is only partially inhibited in HepG2.2.15. Western blotting and EMSA and were carried out to analyse Stat1 activation and ISGF3 formation in HepG2 and HepG2.2.15
cells. The phosphorylated form of Stat1 was detected
by western blot in IFN- α treated cells (Figure 2). The
phosphorylation of Stat1 was enhanced in HepG2.2.15,
compared with HepG2. Furthermore, Figure 3 showed
that the formation of ISGF3 in HepG2.2.15 cells occurred after IFN-α stimulation, as occured in HepG2 cells.
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Table 1 Complete list of genes investigated in this study
Gene Name

Acc. No.

Gene Name

Acc. No.

Gene Name

Acc. No.

101F6

AA544950

IFI 16

M63838

Mdm2

Z12020

2-5 OAS

X02875

IFI 41

L22342

MEN1

U93237

2-5 OAS

D00068

IFI 44

D28915

Met

AA410591

5' nucleotidase

X55740

IFI 6-16

BC015603

Mig

X72755

60S Ribosomal protein L11

U43522

IFI27

X67325

MIP-1b/CCL4

NM_002984

72 kDa type IV collagenase

J03210

IFI4

X79448

MLK 2

X90846

9-27

J04164

IFIT 1

M24594

MMP-1

M13509

ADAM-10

AF009615

IFIT4

U72882

MxA

M33882

ADAM-17

U69611

IFIT4

AF083470

MxA

M33882

akt-1

NM_005163

IFITM2

X57351

MxB

M30818

akt-2

M77198

IFITM3

X57352

MxB

M30818

Alpha-1-antiproteinase

K01396

IFN omega 1

X58822

NCAM

M74387

Alpha-crystallin

U05569

IFN-AR1

J03171

NF-IL-6

X52560

ATF-2

X15875

IFN-AR2

L42243

NFkB

M58603

Auto Ag SS-A/Ro

NM_003141

IFN-g

M29383

NKC-4

M59807

bad

U66879

IFN-GR1

J03143

n-myc

Y00664

BAK1

X84213

IFN-GR2

U05875

p19

U40343

BAX

U19599

IFI 17

J04164

p48/ISGF3g

M87503

Bax

L22474

IFP 35

U72882

p53

M14694

bcl-2

M14745

IFP-53

X62570

p57Kip2

U22398

BRCA1

U14680

IFRG28

AJ251832

p70 S6 kinase

M60724

BST2

D28137

ikBa

M69043

PAI-1

M16006

BTG1

X61123

IL-1 a

M28983

PCBP

M80563

Calcyclin

J02763

IL-10

M57627

PDGF-alpha

X06374

Calretiulin

M84739

IL-10 R a

U00672

PDK1

Y15056

CASP

AJ006470

IL-10 R b

Z17227

PDK2

NM_002611

Caspase 7

U67319

IL-12R b

U64198

Phosph. Scram. 1

AF098642

Caspase 8

X98172

IL13RA

U81379

Phosph.glycerate kin.

V00572

Caspase-1

M87507

IL13RA 2

U70981

Pi3-kinase

NM_006219

Caspase-9

U60521

IL-15

U14407

PIAS x-beta

AF077954

Cat. o-methyltransferase

M58525

IL-15RA

U31628

pig7

AF010312

CBFA

NM_004349

IL-18

D49950

pim-1

M16750

CBP

U85962

IL-18 bprot

AB019504

PK R

AF072860

CCR1

L09230

IL2

U25676

PKR

U50648

CCR5

U54994

IL-2R a

K03122

plectin (PLEC1)

U53204

CD5

X04391

IL2RG

D11086

PLOD2

U84573

cdk inhibitor p27KIP1

U10909

IL6

X04602

PML-1

M79462

C-fox

NM_005252

IL-8

M28130

PPP3CA

L14778

CG12-1

AF070675

IL8RB

L19593

Pro. 4-hydroxyl.

M24486

C-jun

J04111

iNOS

L09210

Prot.-ATPase-like pr.

D89052

C-myc

L00058

Int-6

U62962

PTEN

U96180

C-myc

V00568

Integrin b 7

M62880

pyridoxal kinase

U89606

Collagen a1 (I)

Z74615

integrin-b-6

NM_000888

raf (c-raf-1)

X03484

Collagen a2 (I)

J03464

IP-10

X02530

RAP46/Bag-1

Z35491

Collagen, type XVI, alpha 1

M92642

IP-30

J03909

RbAp48

X74262

Complement compound C1r

J04080

IRF 1

X14454

Reticulocalbin

D42073

COX17

L77701

IRF 4

U52682

RGS2

NM_002923

Cpp32

NM_004346

IRF 5

U51127

RHO

NM_000539

CREB

NM_004379

IRF-1

L05072

RHO GDP-dis.inh. 2

L20688

CTRL-1

X71877

IRF-2

X15949

RING 10

NM_004159

CXCR4

AF005058

Irf-7

U73036

RING4

X57522

Cyclin D1

M64349

ISG15

AA406020

Smad1

U59423

Cyp19 (aromata)

M28420

ISG15

M13755

Smad2

AF027964

Cys-X-Cys,member 11

AF030514

ISG-56K

M24594

Smad4

U44378

DEAD box binding protein 1

AF077951

KIAA0129

D50919

Smad5

U73825

DEAD-box protein p72

U59321

KIAA0235

D87078

Smad7

AF015261

Destrin

S65738

KIAA0284

AB006622

SnoN

X15219

DP (b1)

M83664

LIPA

U04285

SOCS 3/ssi-3

AB004904

DR-a

J00194

LMP-2

X66401

SOCS 4/CIS 4

AB006968

E2F-1

U47677

L-selectin

M25280

SOCS1

N91935
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Gene Name

Acc. No.

Gene Name

Acc. No.

Gene Name

Acc. No.

egr-1

X52541

Mad 4

X03541

SOCS-1

NM_003745

Elastase 2

M34379

MAP2K1

NM_002755

SOCS2

AF020590

ERM

X76184

MAP2K1IP1

NM_021970

SOCS-3

NM_003955

F-actin capping protein

U56637

MAP2K2

L11285

Stannin

NM_003498

Farn. pyro. syn.

J05262

MAP2K3

NM_002756

STAT 6

U16031

FAS/Apo-1

M67454

MAP2K4

L36870

STAT1 (91kDa)

M97935

fas-ligand

U08137

MAP2K5

NM_002757

STAT1 (91kDa)

M97935

Fibronectin-1

X02761

MAP2K6

U39657

STAT2

M97934

FK506 binding protein 6

AF038847

MAP2K7

AF022805

STAT4

L78440

FKHRL1

AF041336

MAP3K1

AF042838

STAT5A

L41142

Folate receptor

X62753

MAP3K11

NM_002419

STAT5B

U47686

gadd45

M60974

MAP3K14

NM_003954

Succinyl CoA Ligase

AF058953

Galectin-1

J04456

MAP3K2

NM_006609

TAP1 (Ring4)

L21204

Gamma actin

X04098

MAP3K3

U78876

TFE3

X96717

Gamma2-adaptin (G2AD)

AF068706

MAP3K4

NM_005922

TGF-bR1

L11695

GAPDH

X01677

MAP3K5

NM_005923

TGF-bR2

D50683

GATA 3

X58072

MAP3K7

NM_003188

TGF-bR3

L07594

GBP-1

M55542

MAP4K1

NM_007181

TGIF

X89750

GBP-2

M55543

MAP4K3

NM_003618

TIMP-1

M59906

Granzyme B

M17016

MAPK10

NM_002753

TIMP-2

J05593

GSK3

NM_002093

MAPK11

NM_002751

TIMP-3

U14394

HCV-ass. p44

D28915

MAPK12

NM_002969

TIMP-4

U76456

HLA-A (MHCI Ag B27)

NM_002116

MAPK13

AF004709

TNF-alpha

X01394

HLA-E

X56841

MAPK14

NM_001315

TRAF6

U78798

Homo sapins STAT

M97936

MAPK3

X60188

Transferrin

M12530

Hou

U32849

MAPK6

NM_002748

Transthyretin

D00096

HPAST protein

AF001434

MAPK7

NM_002749

TRIP14

L40387

hsf1 (tcf5)

M64673

MAPK8

NM_002750

trk oncogene

X03541

hsp90 (CDw52)

X15183

MAPK8IP2

NM_012324

TTF-2

AF073771

Hypoxia-ind. Factor-1

U22431

MAPK9

U35003

UBE2L6

AA292074

ICAM-1

M24283

MAPKAPK2

NM_004759

VCAM -1

M30257

ICSB 1

M91196

MAPKAPK3

NM_004635

VEGF-C

U43142

IDO

M34455

MCP-1/CCL2

X14768

Virpirin (Cig5)

AF026941

Genes of interest were selected from the UniGene database. These genes comprise known ISGs and genes of intrinsic interest which might or might not be
induced by IFNs in different cell systems. They include genes involved in cell proliferation, immune responses and the responses to a variety of cytokines. 5’
IMAGE clones with 0.5-0.8 kb length were chosen and obtained from RZPD, Berlin, Germany.

Lane:
IFN-α (U/mL):
Lam (2 µmol/L):

HepG2
1
2
0
100
-

3
1000
-

4
0
+

5
100
+

6
1000
+

HepG2.2.15
7
8
0
100
-

9
1000
-

10
0
+

11
100
+

12
1000
+

25OAS

MxA

Figure 1 Northern blot analysis of ISG expression and its modulation by lamivudine in HepG2 and HepG2.2.15 cells. HepG2 and HepG2.2.15 cells were cultured in the
absence or presence of 2 μmol/L of lamivudine for 10 d. Then, the cells were stimulated with 100 or 1000 IU/mL of IFN-α for 6 h. Total cellular RNAs were isolated for
Northern blotting hybridization. Lam: lamivudine.
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Table 2 Suppression of ISG induction in HepG2.2.15 cells,
effect of lamivudine treatment
Acc. No. HepG2 2.2.15 HepG2 2.2.15
/lam
/lam

Ⅰ complete inhibition

MxA

M33882

5.9

0.6

4.0

0.8

cig5

AF026941

2.2

0.9

2.1

1.2

IFITM3

X57352

3.4

1.6

3.4

1.8

IFITM2

X57351

2.7

1.6

2.2

1.8

IFI 6-16

BC015603

7.9

4.4

7.2

6.5

IFITM1

M24594

4.9

2.5

4.8

4.6

2-5OAS

D00068

3.8

4.0

4.4

5.8

MxB

M30818

1.4

2.0

1.4

1.9

Caspase 7

U67319

2.3

2.4

2.2

2.1

IFI 17

J04164

3.3

2.9

2.8

2.7

IFI 27

X67325

1.9

2.1

1.8

2.2

IFI T4

U72882

2.7

1.9

2.6

1.8

RING4

X57522

2.4

2.3

2.5

3.5

Ⅱ partial inhibition

Absorption (rel. U)

Gene

2.2.15
HepG2

400

300

200

100

Ⅲ reversible inhibition

0

Ⅳ no inhibition

Cells were stimulated with 100 U/mL IFN-α for 6 h with or without pretreatment with 2 µmol/L lamivudine for 10 d. Then, RNA was isolated and
assayed by cDNA macroarray. Data are shown as fold induction compared
to the untreated control. Lam: Lamivudine.

0

5

15

30

60

120

t /min

Figure 2 Analysis of Stat1 phosphorylation after IFN-α stimulation in HepG2 and
HepG2.2.15 cells. Cells were stimulated with 100 U/mL of IFN-α for the indicated
time points. Then, nuclear proteins were extracted and analysed by western blot.
Data were quantified using Imagequant and are shown as relative units.

HepG2
1
+
-

2
+
-

3
+
+
+

HepG2.2.15
4
+
+
+

5
+
-

6
    +
-

7
+
+
+

8
+
+
+

Lane
Nuclear extract
Consensus ISRE/GAS
Mutant ISRE/GAS
IFN-α (1000 IU/mL)

These data clearly show that the IFN-signalling pathway
is generally not blocked in HepG2.2.15 cells. The results
consistently show that both steps were evenly enhanced
in HepG2.2.15. In addition, activation of ERK and p38
MAPKinase was not altered in HepG2.2.15 cells (data not
shown).
Reduction of the production of HBV proteins and the HBV
replication by lamivudine treatment
T he difference in ISG expression in He pG2 and
HepG2.2.15 cell lines may be partly due to the presence
of HBV replication in the later one. Consequently, the
ISG expression in HepG2.2.15 would change if the HBV
gene expression or replication is suppressed. To test this
hypothesis, we determined the optimal condition to reduce
HBV gene expression and replication using the nucleoside
analogue lamivudine. HepG2.2.15 cells were treated with
lamivudine at various concentrations from 0.04 μmol/L
to 100 μmol/L. The antiviral activity was determined by
quantitation of secreted HBsAg and HBeAg particles, extracellular virions and intracellular HBV replicative intermediates (RI). Figure 4a shows that treatment with lamivudine led to a significant reduction of secreted HBsAg
and HBeAg in the supernatant of HepG2.2.15 cells. Parallel to the reduction of HBsAg and HBeAg production,
the extracellular virion DNA in the culture supernatant
of HepG2.2.15 cells and intracellular HBV replicative intermediates (RI) decreased after treatment with 2 μmol/L
or 20 μmol/L of lamivudine for 10 d (Figure 4B and C).
Maximal levels of suppression of HBV were observed after 10 d of lamivudine treatment. At that time, levels of RI
were not more than 1.5% of controls in cultures of the 2
μmol/L treatment group. Based on these results, we chose

Figure 3 Analysis of ISGF3 formation after IFN-α stimulation in HepG2 and
HepG2.2.15 cells. HepG2 and HepG2.2.15 cells were stimulated with 1000 IU/mL
of IFN-α for 6 h followed by isolation of nuclear extracts (NE-PERTM reagent kits)
for EMSA analysis.

a concentration of 2 μmol/L and duration of 10 d to suppress HBV replication in our system to study the modulatory effects of lamivudine on the IFN-response.
The IFN response in HepG2.2.15 and HepG2 cells after
lamivudine treatment
T h e e f f e c t o f l a m iv u d i n e o n I S G e x p r e s s i o n i n
HepG2.2.15 and HepG2 was investigated by using gene
macroarrays. No effect was observed for the stimulation
of MxA and Cig5 expression by lamivudine treatment
(Table 2). Both genes did not respond with an increased
expression upon IFN-α stimulation. An increase of the
IFN-α concentration to 1000 units per mL or a prolonged
incubation with IFN-α did not change the expression of
MxA and cig5. The reduced induction of IFITM 2 and
IFITM 3 expression could not be enhanced by lamivudine
treatment. In contrast, IFITM1 and 6-16 expression could
www.wjgnet.com
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be restored by lamivudine treatment of HepG2.2.15 cells
(Table 1, Figure 1). This indicates that lamivudine can only
partially normalize the IFN-response in HBV-transfected
HepG2.2.15 cells at concentrations that profoundly inhibit
viral replication and secretion of viral particles. Lamivudine had no effect on ISG expression in HepG2 cells and
did not enhance the induction of many other ISGs, such
as 2.5 OAS and MxB.

A

DISCUSSION
In the present work, we found that HepG2.2.15 and
HepG2 respond differently to IFN-α. Several ISGs were
not induced in HepG2.2.15 while they were expressed in
HepG2 cells after IFN-α. There may be multiple reasons
for the different ISG expression profiles in these cell lines,
though HepG2.2.15 was derived from HepG2[16]. Previous
data indicated that the expression of the IFN-inducible
gene MxA was specifically inhibited by HBV proteins in
HBV-transfected HepG2 or HuH7 cells[13], and this was
accompanied by diminished antiviral activity of IFN[17].
In our study, we confirmed this finding with MxA expression being completely diminished in HBV-transfected
HepG2.2.15 cells. In addition, we showed that additional
ISG (Cig5, IFITM1, -2, -3 and 6-16) expression was completely abolished or partially reduced by HBV. The majority of ISGs, however, are expressed and inducible in both
HepG2 and HepG2.2.15 cells, indicating that the HBV
gene expression and replication had no effect on these
ISGs. Consistently, Rosmorduc et al[17] demonstrated that
2´5OAS expression is not affected by HBV. Our results
support the view that the HBV-mediated inhibition of
the IFN-response, if any, represents a specific rather than
global effect. The Stat1 activation or ISGF3 formation in
HepG2.2.15 cells appeared to be normal, indicating that
the Jak/Stat signalling pathway is intact and functional.
These findings are corroborated by the data from Fernandez et al[13] who demonstrated that the inhibition of MxA
induction in HepG2 cells occurs at the promoter level.
We then asked the question whether the HBV-mediated
suppressive effect on the IFN-response could be reverted
by treatment with the nucleoside analogue lamivudine,
which is an effective inhibitor of HBV replication in vitro[18]
and in vivo[19,20]. Lamivudine is phosphorylated within the
cell and then incorporated into nascent viral DNA by
the HBV polymerase during replication [21] resulting in
the termination of HBV DNA elongation. Lamivudine
also inhibits reverse transcriptase activity directly through
competitive inhibition. Although some reports indicate
that lamivudine exerts synergistic effects with IFN, the
underlying mechanisms are not clear[22,23]. To answer this
question we first established the optimal conditions for in
vitro treatment of HepG2.2.15 cells with lamivudine. The
results indicated that lamivudine exerted potent antiviral
activities in our system as it strongly suppressed the formation of HBV replicative intermediates and extracellular
HBV DNA at concentrations that correspond well to
plasma levels found in patients that are treated with this
drug. However, HBsAg and HBeAg secretion was only
down regulated and not completely blocked. After treatment with lamivudine for 10 d, the induction of IFITM1
www.wjgnet.com
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Figure 4 Antiviral effects of lamivudine in HepG2.2.15 cells. A: HepG2.2.15
cells were cultivated with various concentrations (0 to 100 µmol/L) of 3 TC for 10
d. Then, supernatants were harvested and assayed for the presence of HBsAg
and HBeAg by ELISA; B: HepG2.2.15 cells were treated with 2 or 20 μmol/L of
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and 6-16 expression could be enhanced while MxA, Cig5,
IFITM2 and IFITM3 induction remained unchanged. This
indicates that lamivudine can at least partially improve the
impaired IFN response in HBV-transfected cells. IFITM
1 to 3 and 6-16 belong to a family called small ISGs[24].
IFITM 1 to 3 are classified as members of the 1-8 group
while 6-16 is a member of the ISG12 group. These genes
were under the control of multiple elements responding
to IFN-α stimulation including ISGF3 and interferon. It is
likely that the lamivudine treatment partially reduces HBV
gene expression and therefore contributes to the improved
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ISG expression. On the other hand, the continuing HBV
protein production may still dominantly interfere with the
expression of many ISGs, such as cig5 and IFITM3.
These findings are corroborated by our study that
shows an improved IFN response of PBMC from HBV
patients after treatment with adefovir. Some reports have
also suggested a restoration of weak T helper cell and
CTL responses after initiation of lamivudine therapy[25,26].
Although it is certainly a possibility, it still remains to be
determined whether this effect can be explained by an enhanced responsiveness to IFNs.
In conclusion, our results suggest that HBV specifically
modulates the IFN response in HepG2 cells by a selective
suppression of certain ISGs. This suppression is at least
partially reversible by antiviral treatment with the nucleoside analogue lamivudine.
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INTRODUCTION
Abstract
AIM: To investigate the correlation between the in vitro
immune profile of probiotic strains and their ability to
prevent experimental colitis in mice.
METHODS: In vitro immunomodulation was assessed by
measuring interleukin (IL)-12p70, IL-10, tumor necrosis
factor alpha (TNFa) and interferon g (IFNg) release by
human peripheral blood mononuclear cells (PBMCs) after
24 h stimulation with 13 live bacterial strains. A murine
model of acute TNBS-colitis was next used to evaluate
the prophylactic protective capacity of the same set of
strains.
RESULTS: A strain-specific in vivo protection was
observed. The strains displaying an in vitro capacity to
induce higher levels of the anti-inflammatory cytokine
IL-10 and lower levels of the inflammatory cytokine
IL-12, offered the best protection in the in vivo colitis
model. In contrast, strains leading to a low IL-10/IL-12
cytokine ratio could not significantly attenuate colitis
symptoms.
CONCLUSION: These results show that we could
predict the in vivo protective capacity of the studied
lactic acid bacteria (LAB) based on the cytokine profile
we established in vitro . The PBMC-based assay we used
may thus serve as a useful primary indicator to narrow
down the number of candidate strains to be tested in
murine models for their anti-inflammatory potential.
www.wjgnet.com

Probiotic lactobacilli and bifidobacteria are increasingly
recognized as a way to prevent and/or treat intestinal disorders[1]. Probiotic treatment has been successful in a limited number of clinical inflammatory bowel disease (IBD)
trials[2,3], as well as in various experimental rodent models
for acute and chronic intestinal inflammation[4]. Cytokines
are key regulators of inflammation in IBD, and several
pro-inflammatory and immune regulatory cytokines are
dysregulated in the mucosa of IBD patients. Probiotic–
mediated immunomodulation represents an interesting
option in the management of IBD[5] and it was shown that
both the systemic and mucosal immune systems can be
modulated by orally delivered bacteria[6-8]. However, not
all candidate probiotics have been proven equally efficient
due to the differences in survival and persistence of the
strain in the gastro-intestinal tract, and/or to strain-specific
interactions of the probiotic with the host immune system[9-11]. The selection of a successful protective strain may
therefore rely on the proper screening of a large number
of candidate strains for their technological and immunomodulatory performance.
However, it remains challenging to set up in vitro tests
with a fair predictive value that would allow us to narrow
down the number of candidate strains to be tested in animal models. Until now, results of in vitro studies have rarely
been linked to in vivo effects[12,13]. This could possibly be explained by the variety of parameters that may interfere in
the systematic comparison of strains such as the bacterial
preparations used (viability, growth phase, dose and timing
of administration), possible time effects (early versus late
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immune responses), or physiological status and type of eukaryotic cells used. When testing human peripheral blood
mononuclear cells (PBMCs), the in vitro experiment may
also be influenced by the method of PBMC preparation
as well as the variable responsiveness of the donors[10,14,15].
Once identified, however, these parameters/factors can be
controlled by using standardized methodologies[16], allowing, on the one hand, to classify strains according to the
in vitro differences in their interaction with human immunocompetent cells and, on the other hand, to confirm in
vivo the “protective capacity” of the best candidate strains
(showing between 30% and 70% reduction of the inflammatory score)[16,17]. In this paper we addressed the question
whether prophylaxis by oral consumption of live nonpathogenic lactic acid bacteria (LAB) in experimental colitis actually matches their in vitro stimulation profile on human PBMCs. Cytokine profiles released in vitro by human
PBMC stimulated with 13 bacterial strains were compared
with the protection they offered in a murine trinitrobenzene sulfonate (TNBS) model of acute colitis. The results
of this study demonstrate that the in vitro immune profiling
of the strains is indeed predictive of their in vivo protective
effect in a mouse colitis model. These findings support the
idea that promising LAB strains for IBD alleviation may
be discriminated from non‑protective ones using in vitro
and in vivo assays.

MATERIALS AND METHODS
Bacterial strains and growth conditions
Bacterial strains and their origin are shown in Table 1.
Lactobacillus strains were grown under limited aeration at
37℃ in MRS medium (Difco) and Bifidobacterium strains
were grown anaerobically in MRS supplemented with 0.05%
L-cysteine-hydrochloride (Sigma). Lactococcus lactis MG1363
was grown at 30℃ in M17 medium supplemented with
0.5% glucose. E. coli and S. gordonii were grown at 37℃ in
LB and BHI medium (Difco), respectively. The number
of live bacteria (CFU) was deduced from the absorbance
at 600 nm (A600), using a calibration curve for each strain.
For immune cell stimulation, bacterial cells were grown till
stationary phase, washed and resuspended at 1 × 109 CFU/
mL in phosphate buffered saline (PBS) containing 20%
glycerol and stored at -80℃ until used for assays. For in vivo
experiments, bacteria were grown for 18 h, washed twice
in sterile PBS (pH 7.2) and resuspended at 1 × 109 CFU/
mL in 0.2 mol/L NaHCO3 buffer (pH 8.8) containing 2%
glucose.
PBMC isolation
PBMCs were isolated from peripheral blood of healthy
donors as previously described[18]. Briefly, after a Ficoll
gradient centrifugation (Pharmacia, Uppsala, Sweden),
mononuclear cells were collected, washed in RPMI 1640
medium (Live technologies, Paisley, Scotland) and adjusted
to 2 × 106 cells/mL in RPMI 1640 supplemented with
gentamicin (150 mg/mL), L-glutamine (2 mmol/L), and
10% foetal calf serum (FCS) (Gibco-BRL).
Induction of cytokine release
PBMCs (2 × 106 cells/mL) were seeded in 24-well tissue
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Table 1 Strains used with their origin
Bacterial species
/subspecies

Strain
designation

Type of isolate, source
and/or reference

Lactobacillus salivarius
subsp salivarius

Ls33

Commercial strain

Lactobacillus rhamnosus

Lr32

Commercial strain

Lactobacillus casei

Bl23

ATCC1 393, plasmid-cured

Lactobacillus acidophilus

NCFM

Human, commercial strain

Lactobacillus acidophilus

IPL3 908

Commercial isolate

Lactobacillus plantarum

NCIMB 8826 Human, NCIMB2 collection

Lactobacillus plantarum

Lp115

Commercial strain

Bifidobacterium animalis
subsp lactis

BL04

Commercial strain

Bifidobacterium animalis
subsp lactis

BI07

Commercial strain

Bifidobacterium bifidum

BB02

Commercial strain

Lactococcus lactis

MG1363

Cheese starter derivative[42]

Streptococcus gordonii

V288 (Challis) ATCC1 35105

Escherichia coli (non-pathogenic) TG1

Cloning strain[43]

1

ATCC: American type culture collection, Manassas, (VA), USA; 2NCIMB:
National collection of industrial and marine bacteria, Terry Research Station,
Aberdeen, Scotland; 3Institut Pasteur Lille, Lille, France.

culture plates (Corning, NY). Twenty microliters of a
thawed bacterial suspension at 109 CFU/mL were added
(bacteria:cell ratio of 10:1). PBS containing 20% glycerol
was used as a negative (non-stimulated) control. On the
basis of preliminary time-course studies, 24 h stimulation
corresponded to the best time point for cytokine responses
of bacteria stimulated-PBMCs. After 24 h stimulation
at 37℃ in an atmosphere of air with 5% CO 2, culture
supernatants were collected, clarified by centrifugation and
stored at -20℃ until cytokine analysis. Neither medium
acidification nor bacterial proliferation was observed.
Cytokines were measured by ELISA using BD pharmingen
antibody pairs (BD Biosciences, San Jose, Ca, USA) for
tumor necrosis factor alpha (TNFa), interleukin (IL)-10,
interferon g (IFN g ) and IL-12p70, according to the
manufacturer’s recommendations.
Induction of colitis and inflammation scoring
Animal experiments were performed in an accredited
establishment (number 59-35009; Institut Pasteur de Lille,
France) and approved guidelines, according to French
Ethical Committee and European Union Normatives
(number 86/609/CEE). BALB/c and C57/Bl6 mice
(female, 8 wk) were obtained from Charles River (St
Germain sur l’Arbresle, France). A standardized murine
TNBS colitis model was used in which sublethal levels of
inflammation were induced[16]. Briefly, a 50 mL solution of
100 mg/kg (BALB/c mice) or 180 mg/kg (C57Bl6 mice)
TNBS (Sigma) in 50% ethanol was slowly administered in
the colon via a 3.5 F catheter. Bacterial suspensions (100
µL), containing 1 × 109 CFU/mL in NaHCO3 buffer (or
buffer alone for controls) were administered intragastrically
to mice each day, starting 5 d before until d 1 after TNBS
administration. The mice were weighed and killed 48 h
after TNBS administration. Colons were removed, washed
and opened. Inflammation grading was performed by two
www.wjgnet.com
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Figure 1 Strain-specific patterns of IL-10 (A) and IL-12p70 (B) release for various bacterial strains and IL-10/IL-12 ratios (C) for 6 to 12 independent healthy donors. Bars
represent the mean ± SE values in pg/mL for 6 to 12 independent healthy donors. Ranked box and whisker plots show the median values and first to third quartiles in
boxes. Different letters indicate significant differences according to Mann-Whitney U test (P < 0.05).

blinded observers, using the Wallace scoring method[19].
Results are expressed as % protection, corresponding to
the reduction of the mean macroscopic inflammation
score of bacteria-treated mice (n = 10) in comparison to
the mean score of TNBS-treated control mice (NaHCO3
buffer-treated mice, n = 10)[16]. Histological analysis was
performed on hematoxylin/eosin-stained 5 m m tissue
sections from colon samples fixed in 10% formalin and
embedded in paraffin.
Statistical analysis
Results were analyzed by the non-parametric one-way
analysis of variance and Mann-Whitney U test. Differences
were judged to be statistically significant when the P value
was < 0.05. For in vivo experiments, only protection levels
exceeding 30% (positive and negative) were considered to
be relevant, as previously described[16]. For the calculation
of the IL-10/IL-12 ratio, all undetectable IL-12 values
(below 50 pg/mL) were arbitrarily set at 50 pg/mL level
to normalize aberrant quotients. Association of variables
was analyzed by the P value-assigned Spearman rank
correlation coefficient.

RESULTS
Cytokine release by PBMCs is strain specific
The in vitro immunostimulation by 13 live bacterial strains
(Table 1) of PBMCs collected from 6 to 12 independent
donors, revealed distinct and typical patterns of cytokine
www.wjgnet.com

release. TNFa release was quite uniform for the different
LAB investigated, while IFNg showed variations tending
to parallel IL-12 profiles (data not shown). IL-10 and IL-12
levels displayed a strain-specific pattern (Figure 1A and B).
Variations in IL-10 concentrations were substantial with
values ranging between 200 and 3000 pg/mL depending
on the bacterial strain. For IL-12, we also observed
significant variations between strains, covering a range of
cytokine levels of 50 to 1200 pg/mL. As IL-10 and IL-12
appeared to be the most discriminative cytokines, we used
the IL-10/IL-12 ratio (Figure 1C) to distinguish between
strains exhibiting a ”pro-“ versus “anti-inflammatory”
profile (low versus high IL-10/IL-12 ratio, respectively).
This approach was found to be useful to identify
strains with marked opposite profiles, but did not allow
discrimination of strains with median cytokine ratios.
The variation in absolute cytokine concentrations
released by PBMCs derived from different donors was
examined by conducting successive experiments with a
limited set of 6 strains (E. coli TG1, L. salivarius Ls33, L.
casei Bl23, L. plantarum NCIMB 8826, Lc. lactis MG1363
and L. acidophilus NCFM). In general, for a variety of
individual donors, the ranking of strains was quite
reproducible: the most potent “anti-inflammatory” strains
induced the highest IL-10 responses in all donors, while
other strains were stronger IL-12 inducers in most donors.
As an example, Figure 2A and B shows the IL-10 and
IL-12 expression profiles for four donors in response
to the six “reference” strains used. Relative differences
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between two strains, expressed as a percentage of the
highest inducer, taken as internal control, were quite
constant for all donors (Figures 2C and D). For example,
we consistently found 35% and 82% difference (P < 0.05)
between the strains L. salivarius Ls33 and L. acidophilus
NCFM, for IL-10 and IL-12 induction, respectively. Based
on these observations, both strains could be compared in a
semi-quantitative way, using their average IL-10 and IL-12
release patterns upon stimulation of PBMCs from four
different donors. To that extent we calculated a full matrix
of P-values for the IL-10/IL-12 ratios obtained from
several overlapping studies with reference strains as well as
new isolates, for at least 4 PBMC donors, which allowed
us to rank strains from an “anti-inflammatory” to a “proinflammatory” profile.
When applied to the 13 strains used in this study, this
methodology established a semi-quantitative ranking,
which could classify strains L. salivarius Ls33, L. casei Bl23,
L. rhamnosus Lr32, L. acidophilus IPL908 as more antiinflammatory than the three bifidobacteria and the two
L. plantarum strains. Lc. lactis MG1363, S. gordonii V288
and L. acidophilus NCFM® strains showed a slightly proinflammatory profile with a very low IL-10/IL-12 ratio.
Protection of TNBS-induced colitis was strain-specific
We investigated the protective effect of the 13 strains
studied in vitro against TNBS-induced colitis in mice
(Figure 3). Ls33, Lr32, Bl23, IPL908 and BL04 strains
consistently led to a considerable attenuation of colitis (data
represent the result of usually 2 to 4 distinct experiments),

with reduced weight loss, improved clinical parameters
(rectal bleeding, stool consistency, i.e. liquid pasty stool
and diarrhoea, lethargy; data not shown) and reduced
macroscopic inflammation scores. Considering the %
protection as the reduction of the mean macroscopic
inflammation score of bacteria-treated mice (n = 10)
in comparison to the mean score of TNBS-treated
control mice, the Lactobacillus plantarum strains and the
BB02 and Bl07 bifiidobacterial strains induced moderate
but significant levels of protection. In contrast, no
improvement in colitis was observed for the strains L.
acidophilus NCFM, Lc. lactis MG1363 or S. gordonii V288
and for the non-pathogenic E. coli TG1. None of these
strains, however, aggravated the symptoms of colitis.
Histological analysis corroborated these findings, showing
dramatic improvement in epithelial lesions of the animals
receiving protective strains, with a significant decrease in
goblet cells and crypt loss (data not shown), and reduced
inflammatory infiltrates (mainly neutrophils) accompanied
with a reduction of the colon wall thickness to almost
normal levels (Figure 4).
Additional experiments confirmed this strain-specific
protection in mice with a different genetic background
(C57/Bl6 mice). The protection observed in BALB/c
mice with L. salivarius Ls33 (56.5% ± 7.2%, P < 0.01) was
confirmed in C57/Bl6 mice (47%, P < 0.01), whereas the
L. acidophilus NCFM® and E. coli strains alleviated colitis
neither in BALB/c mice (-12.5% ± 2.7%, NS; and +19.4%
± 3.7%, NS, respectively) nor in C57/Bl6 (+26%, NS; and
-6.4%, NS, respectively).
www.wjgnet.com
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Figure 3 Protective effect of LAB strains against TNBS-induced colitis in BALB/c mice. Results are expressed as a % reduction of the mean macroscopic inflammation of
mice treated with LAB as compared to the mean score of non-treated mice. Colitis index was assessed 48 h after TNBS administration. Each bar represents an independent
experiment and corresponds to the ratio of control and LAB-treated mice groups (n = 10). aP < 0.05, bP < 0.01 vs TNBS-control group. The horizontal dashed lines indicate
the 30% threshold of the uncertain statistical significance.

In vivo / In vitro correlation
Considering both in vitr o and in vivo results, it was
evident that strains displaying the highest in vitro antiinflammatory profile (a high IL-10/IL-12 ratio) were the
most protective in the in vivo colitis model, while those
leading to intermediary in vitro IL-10/IL-12 ratios showed
limited protection. In contrast, bacteria characterized by
a low anti-inflammatory potential (low IL-10/IL-12 ratio)
did not improve inflammation at all. As a result, with the
exception of the Gram-negative E. coli, the ranking of all
Gram-positive bacteria investigated, based on the in vitro
cytokine profiling, closely matched the ranking based on
the improvement of colitis symptoms. Although this link
could not be expressed as an “exact linear” association
between % protection and IL-10/IL-12 ratio, it was
found to be highly significant using the Spearman rank
correlation coefficient (rs = 0.825, P <0.001) (Figure 5).

A

B

C

D

DISCUSSION
Immunomodulation through probiotics represents one
of the current treatment options for IBD[5,20] and specific
strains may stimulate immunomodulatory mediators,
inhibit pro-inflammatory cytokines and influence the
phenotypes of immunocompetent cells with subsequent
events such as migration of dendritic cells and induction
of regulatory T cells[15,21]. The mechanisms of action of
probiotics are most probably multi-factorial, involving
a variety of effector signals, cell types and receptors[22],
and strains may differ in their respective ability to trigger
these signals considering both immunocompetent and
intestinal epithelial cells [23]. It has been proposed that
some probiotics are able to prevent or restore intestinal
homeostasis after an immune dysregulation, improving
mucosal barrier functions as well as down-regulating
inflammatory responses[24,25].
In this study, we aimed at developing a simple and
www.wjgnet.com

Figure 4 Hematoxylin/eosin staining of representative cross-sections of murine
(BALB/c) distal colon (HE, x 20). A: Normal appearance of the colon from a
negative control mice; B: Thickening of the colon wall accompanied with massive
inflammatory infiltrate and muscular necrosis 2 d after TNBS-induction of colitis;
C: Reduction of histological damage in L. salivarius Ls33-treated mice after TNBS
administration; D: Lack of histological improvement of colitis in L. acidophilus
NCFM-treated mice after TNBS administration.

standardized in vitro test allowing preliminary classification
of candidate probiotic strains according to their immune
modulation capacity that would be predictive of their in
vivo effect. To this end, we ranked 13 LAB strains with
reference to the IL10/IL12 cytokine ratio induced on
human PBMCs and further assessed their protective effect
against TNBS-induced colitis in mice.
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100
Mean colitis protection rate (%)

We observed strong strain-specific variations of the
in vitro cytokine induction profiles after stimulation of
immunocompetent cells, which confirms the results
reported in previous studies[9-11,15,26]. We also noted that
differences between blood donors did not prevent us
ranking the strains based on their cytokine responses
as the relative responses of PBMCs to various LAB
were consistent from one donor to another. PBMCs
from healthy donors can thus be used to screen the
immunomodulatory activity of candidate probiotic strains
and this test/assay appears to be a good indicator of in vivo
anti-inflammatory strains. Despite the fact that this assay
does not clarify the physiological mechanism(s) involved,
it seems to mimic how the immune system may sense the
bacterial strains and consequently polarise the immune
response. Strains leading to a high IL-10/IL-12 ratio would
more easily slow down an early Th1 response.
In accordance with this hypothesis, we found
differences in the in vivo protective capacity of the 13
studied strains against TNBS-induced inflammation [27].
This strain-specificity has already been described in other
experimental models of colitis [28-31]. The variations we
observed between different LAB strains in this respect
cannot simply be explained by differences in persistence,
especially when daily administrations maintain the level
of bacteria in the gastro-intestinal tract. Of note, we have
previously verified whether the anti-inflammatory profiles
could in any way be linked to in vitro properties such as
gastric juice (pepsin/pancreatin) and bile salt resistance,
epithelial cell adhesion and in vivo intestinal persistence
(unpublished data). However, no link was found between
them.
Above all, we have demonstrated in this study that
the ranking of strains obtained on the basis of an in vitro
IL-10/IL-12 cytokine induction ratio closely matches the
ranking of the in vivo ability of the strains to attenuate
experimental colitis. The concordance between the in vitro
and in vivo assays has been illustrated in the case of a cellwall mutant of L. plantarum[18]. The importance of the
IL-10/IL-12 ratio has also recently been highlighted by
Peran et al[32] who showed that administration of a specific
strain of Lactobacillus salivarius subsp. salivarius could
improve the recovery of inflamed tissue in a TNBS model
of rat colitis. This strain was selected among 30 LAB
strains for eliciting the best IL-10/IL-12 and IL-10/TNFa
ratios. Unfortunately, no strains exhibiting a moderate
or low IL-10/IL-12 profile were included in the in vivo
study, which could have validated the proposed screening
strategy. Similarly, in vitro tests on immunocompetent
cells have been used successfully to study the effect of
distinct bacterial fractions (intact cell walls, protoplast and
polysaccharide-peptidoglycans) of the strain Lactobacillus
casei Shirota[33]. Using the ability of this strain to inhibit the
LPS-induced IL-6 in mice bone marrow derived-DCs and
PBMCs isolated from ulcerative colitis patients, the authors
could establish that the polysaccharide-peptidoglycan
complex was the most efficient compound to improve
chronic colitis and ileitis in their mice model. Another
example attesting similar links between in vitro macrophage
stimulation and related protection in a murine TNBS
model of colitis was reported for the anti-inflammatory
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drug “catapolside” [34], leading to clinical trials in IBD
patients in Korea.
Recently, the PBMC IL-10/IL-12 ratio has also been
used to follow the immunomodulatory properties of
probiotics in a clinical study on irritable bowel syndrome
(IBS)[31]. Despite different aetiology and characteristics,
IBD and IBS share some aspects of immune dysregulation,
and IBS has been documented to be associated with lowgrade inflammation. Concomitantly to alleviation of the
main IBS symptoms, the authors showed normalization
of the PBMC IL-10/IL-12 ratio in patients receiving
probiotics versus placebo, showing that in vivo probiotic
efficiency can be correlated to specific in vitro assays.
Despite the positive correlation observed between in
vivo protection and in vitro cytokine ratio, some restrictions
are clear. First of all, the link is not valid for Gramnegative bacteria. Gram-negative bacteria, including both
non-pathogenic and pathogenic strains, are well known
to be potent inducers of monocytic IL-10, while Grampositive species preferentially stimulate IL-12 [10]. These
observations do not exclude Gram-negative strains from
being anti-inflammatory. For example, bacteria such as
the E. coli strain Nissle[35] or virulence-attenuated Yersinia
pseudotuberculosis mutants[36] have been shown to be able
to reduce colonic lesions and inflammatory mediators in
murine models of experimental colitis. Secondly, it is not
excluded that Lactobacillus strains may moderate colitis
by non immune-related modes of action, as for example
by acting on barrier integrity or influencing the oxidative
pathway[37]. Alternatively, LAB strains with a rather proinflammatory profile may have other health benefits which
substantiate their probiotic status[38,39].
The methods described in this paper can be used to
screen a larger set of potential probiotic strains for their
immunomodulatory properties, since they are relatively
simple and quite reproducible. We are currently building
a reference database including both in vitro cytokine
profiles, as well as protection levels measured in the
TNBS mice model for selected reference strains. This
database encompasses strains and blends used in former
clinical trials in IBD (i.e. L. rhamnosus GG, VSL#3 and
E. coli strain Nissle[2,3,40,41]), which could further support
www.wjgnet.com
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and validate the predictive value of the screening strategy
presented in this paper.
In conclusion, our results linked in vitro and in vivo antiinflammatory properties of a series of LAB and confirm
that potential probiotic strains can be pre-screened in
vitro for their immunomodulating potential, before animal
and clinical investigations. This allows pre-selection of
probiotics able to modulate the host immune system in
a specific way while reducing considerably the use of
animals for screening purposes. Besides these ethical
considerations, the comparative study of strains carefully
selected for either pro- or anti-inflammatory properties
will assist further investigation of the mechanism(s) by
which specific probiotics signal to the host.

C
COMMENTS
Background

Evidence exists for the protective role of selected probiotic strains in inflammatory
bowel disease. Probiotic strains have clearly been shown to differ in their in vitro
interaction with immunocompetent cells, especially in terms of cytokine responses.
No clear link has been established so far between the in vitro immunomodulation
potential (e.g. on PBMC’s) of the probiotic strain and its ability to prevent
experimental colitis in mice (e.g. in TNBS- induced colitis). The use of simple
in vitro methods to select the most efficient strains for possible clinical trials will
improve the quality and reduce the costs of this type of research.

Research frontiers

Improving gastrointestinal function is important for IBD patients and fundamental
research is needed to develop new treatments for such pathogenesis. Probiotics
are generally accepted to be one of these alternative methods. Few original
research papers, however, have evaluated the potential of this approach by
focusing on the level of the bacterial strain or strains used.
Probiotic-mediated immunomodulation represents an interesting option in
the management of IBD and there is evidence that the immune system can be
modulated by orally delivered bacteria. However, in some animal and clinical
studies, probiotics did not show the expected beneficial effect. The selection of
a successful protective strain may rely on a proper screening of a large number
of candidate strains for their technological and immunomodulatory performance,
as recently published in WJG. Together with proper in vitro analytical methods,
the use of a reliable animal model is therefore indispensable. Using a wellstandardized animal model, we have demonstrated that consistent differences in
anti-inflammatory potential of several orally administered lactic acid bacteria could
be observed in TNBS-induced colitis.
In the present study we linked for the first time the results of in vitro and in
vivo anti-inflammatory readouts for 13 selected LAB, and confirmed herewith the
strain-specific nature of the potential of probiotics to modulate the host's immune
system and in assisting in the alleviation of intestinal disorders, IBD in particular.

Innovations and breakthroughs

Linking in vitro and in vivo anti-inflammatory properties of a series of LAB can
confirm the interest of screening potential probiotic strains using in vitro assays,
before launching animal and clinical investigations. This allows not only the preselection of probiotics able to modulate the host’s immune system in a specific
way while reducing considerably the use of animals for screening purposes, but
also results in a classification of microorganisms that could be useful for the study
or comparison of other probiotic properties. So, besides ethical considerations, the
comparative study of strains carefully selected for either pro- or anti-inflammatory
properties will assist further investigation of the mechanism(s) by which specific
probiotics signal to the host.

Applications

The use of probiotic strains in IBD treatment has been controversial, because
of some major drawbacks. The first is the type of inflammatory disease targeted
(Crohn’s disease on the one hand, with low success levels, versus ulcerative
colitis and pouchitis where treatment was more successful). The second is that
a comparison between a therapeutic preventive application in combination with
or without traditional medication, is not always clear. The third is that the choice
www.wjgnet.com
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of strains or the mixture thereof is often made rather artificially and driven by
available commercial preparations which are not necessarily developed or suitable
for this type of medical application. Using the described selection procedure,
the influence of well-selected strains (e.g. with expected positive and negative
performance as anti-inflammatory agent) in different conditions (with or without
traditional medication) of a selected animal model (prophylactic or therapeutic) can
be evaluated unequivocally. The results should not only allow to select the best
possible conditions for the follow-up clinical study but will also help to understand
the underlying mechanisms and factors that influence the efficiency of the
application.

Terminology

The TNBS mouse model of colitis is a hapten-induced experimental model (TNBS
= 2, 4, 6-trinitrobenzene sulfonic acid), which has proven to be a very useful model
for studying certain forms of human inflammatory bowel disease. This model has
e.g. been used to show that an IL-12-driven, Th1 T cell-mediated inflammation of
the colon is not only prevented by systemic administration of anti-IL-12 antibody,
but can also be treated this way. Consequently anti-IL-12 is currently used in the
treatment of Crohn’s disease. Other studies with this model have established that
mucosal inflammation and/or its prevention depend partially on a balance between
pro-inflammatory Th1 T cell responses and anti-inflammatory TGF-b and IL-10
responses.

Peer review

This is an interesting study showing that in vitro assays using human PBMCs
can partially translate to murine models of colitis giving an indication of the level
of expected protection of this particular model of colitis using IL-10/IL-12 ratios.
It would be interesting to discover whether this held out if colitis was induced
before administration of the probiotic (perhaps a more physiological approach for
therapy). However, this does offer some insight into prophylactic approaches for
managing patients in remission.
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These findings also indicate that TyBS can be a useful
visual marker gene in the co-transgenic experiments.
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INTRODUCTION
Abstract
AIM: To use the tyrosinase minigene as a visual marker
to perform microinjection training and improve the
techniques related with transgene to greatly elevate the
efficiency of gene transfer.
METHODS: A mouse tyrosinase minigene, i.e., TyBS,
in which the 2.25-kb authentic genomic 5’ non-coding
flanking sequence of mouse tyrosinase was fused to
a mouse tyrosinase cDNA, was introduced into the
fertilized eggs of outbred Kunming albino mice.
RESULTS: Of the 11 animals that developed from
the injected eggs, two mice (P1 and #8) exhibited
pigmented hair (P1) and eyes (P1 and #8), as confirmed
by PCR analysis for the tyrosinase minigene integrated
into the genome. When founder P1 was bred to Kunming
male mouse, six progeny out of 11 offspring inherited
the transgene and the pigmented-eye phenotype.
CONCLUSION: Taken together, these results suggest
that this minigene encodes the active tyrosinase protein
and that its 5’ flanking region contains the sequences
regulating the expression of mouse tyrosinase gene as
expected. We have rescued the albino phenotype by
introduction and expression of a functional tyrosinase
www.wjgnet.com

Visible pigmentation in the mammals results from the
synthesis and distribution of melanin in skin, hair bulbs
and eyes[1-3]. Tyrosinase is the first and rate-limiting enzyme
in the pathway for melanin production in melanocytes of
the skin and eyes[1-3]. Mutation of the tyrosinase gene is a
common cause of a similar phenotype in all vertebrates,
known as albinism, due to a lack of melanin pigment[1,3].
In mouse, the albino phenotype is characterized by a total
absence of pigmentation due to a mutation in the tyrosinase
gene; several point mutations within the tyrosinase gene
have been found, which can inactivate its function to
result in oculocutaneous albinism (OCA)[1,3]. In mouse, the
classical albino (c) mutation corresponds to a single-point
mutation in the first exon of the tyrosinase gene, which
brings about an amino acid mutation Cys103Ser, leading
to the accumulation of a non-functional protein[4,5]. When
mice are homozygous (c/c) for mutations that inactivate the
tyrosinase gene, mice are albino regardless of the genotype
at the other loci [1,3]. The entire common albino inbred
strains of laboratory mice, such as FVB/N, BALB/c, etc,
belonging to OCA, have the same point mutation in the
tyrosinase gene, indicating that these strains are derived
from a common ancestor[5]. The albino phenotype has been
successfully corrected through the tyrosinase transgene,
which can express the active tyrosinase in transgenic
mice [5-18] , rabbits [19] , fish [20-22] and other vertebrates
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expressing tyrosinase functional transgenes[23].
The Human and Model Organism Genome Projects
have revealed the sequence information of many genes.
A significant challenge for scientists over the next few
decades is to annotate the human and model organism
genomes with functional infor mation. Genetically
engineered mice will play a vital role in the study of the
functional genome.
The production of transgenic mice, involving an
intensive sequence of procedures in genetics, molecular
biology, embryology and animal science, is usually timeconsuming and labor-consuming. One problem with
learning to do microinjections is that it can be a long
wait between the time the microinjections are done and
the time that the results are known, particularly if one
waits until the microinjected embryos have developed
into weaning age mice before screening. How to easily
and rapidly assay for a successful pronuclear? There are
a number of constructs that are particularly useful when
learning to do microinjections. Among them, tyrosinase
can be used to allow the visual identification of transgenic
mice at birth in the first and all subsequent generations.
Microinjection of a tyrosinase minigene into embryos
from an albino mouse strain can result in gene cure of the
albino defect and the pigment synthesis[5,6,18]. Pigmented
mice with dark eyes can be easily identified by simply
visible inspection at birth. In fact, the pigment epithelial
cells of the retina begin to synthesize melanin by P10.5 of
embryonic development[8,26] so that transgenic mice can
be typically identified by visual inspection of the fetuses 2
wk after microinjection. The microinjection can be done
using albino inbred strains (such as FVB/N and BALB/c)
and inexpensive outbred albino strains (such as ICR and
Kunming mice). Another advantage of the tyrosinase
minigene is the fact that it is not detrimental to the health
of the transgenic animals.
Therefore, we decided to use the tyrosinase minigene
as a visual marker to perform microinjection training and
improve the techniques related with transgene to greatly
elevate the efficiency of gene transfer in our center.

MATERIALS AND METHODS
Production of the tyrosinase minigene transgenic mice
The tyrosinase minigene TyBS[5] used for microinjection
was generously provided by Dr. P.A. Overbeek (Howard
Hughes Medical Institute, Department of Cell Biology,
Baylor College of Medicine, Houston, TX, USA) and Dr.
F Beermann (Swiss Institute for Experimental Cancer
Research, Switzerland).
Transgenic mice were generated by microinjection
of single cell embryos using standard techniques [27] .
The Kunming mouse strain, supplied by Center of
Experimental Animals, Sun Yat-Sen University, was used
as the source of embryos for the micromanipulation and
for the subsequent breeding trials. For microinjection, the
4.1-kb fragment of tyrosinase minigene (Figure 1) was
released free from the vector backbone of pTyBS[5] via
digestion with EcoR I and Kpn I, thereafter isolated and
purified using the QIA quick gel extraction kit (Qiagen,
Hilden, Germany), diluted to a final concentration of 2

←
K

245

4.1 kb

→
ATG
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→
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346
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←
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Figure 1 The structure of tyrosinase minigene construct TyBS used for
microinjection. The construct contains a 2.25-kb tyrosinase promoter, i.e., 5’ noncoding flanking sequence of mouse tyrosinase, as a single thick line plus 65 bp of
tyrosinase exon I (to the Xho I site) and 1.785-kb Xho I-EcoR I fragment (shaded)
(derived from Tyrs-J) containing tyrosinase cDNA and 3’ non-coding flanking
sequence. TyBS encodes cysteine at amino acid 103 and glycine at amino acid
346. The 4.1-kb injected fragment was obtained by pTyBS digestion with Kpn I and
EcoR I. The restriction sites are: E, EcoR I; K, Kpn I. The primers specific for TyBS
used in PCR reaction (small arrows) and the expected size of PCR products are
indicated.

µg/mL DNA in injection buffer (10 mmol/L Tris/0.1
mmol/L EDTA, pH 7.4), and then microinjected into the
pronuclear of one cell-stage fertilized embryos [Kunming
mouse (♀) × Kunming mouse (♂)]. About 20-25 DNAinjected fertilized eggs that survived microinjection
were implanted into the oviducts of one recipient
pseudopregnant Kunming mouse 2-3 h after injection
or the next day as previously described [27] . Potential
transgenic founders were weaned at 3 wk of age. The
offsprings were firstly screened for the presence of the
transgene via pigmentation phenotypes derived from the
existence of the functional tyrosinase minigene, followed
by PCR analysis performed on the tail genomic DNA
prepared with standard protocols[28]. All animal care and
experimentation were performed according to the Study
and Ethical Guidelines for Animal Care, handling and
termination established by the Subcommittee of Sun YatSen University on laboratory animal care. The presented
work was approved by the ethical committee of Sun
Yat-sen University and is covered by Chinese animal
husbandary legislation.
Genotype analysis by PCR
PCR was performed on tail genomic DNA to further
identify which mice have tyrosinase minigene integrated
into their genome. The sequences of the forward primer
(FP) within exon 1 and reverse primer (RP) within exon
4 used to amplify a 767-bp fragment of the tyrosinase
minigene were: 5’-GGTTTCAACTGCGGAAACTG-3’
(forward) and 5’-TGTGAGTGGACTGGCAAATC-3’
(reverse) (Figure 1). PCR conditions were as follows:
pre-denaturation at 94℃ for 7 min, followed by 30
amplification cycles of denaturation at 94℃ for 1 min,
primer annealing at 58℃ for 1 min, and extension at 72℃
for 1 min 30 s, and finally an additional extension at 72℃
for 10 min. TyBS construct DNA was used as the positive
control for each PCR reaction, and genomic DNA from
normal Kunming mice was employed as a negative control
for each PCR test. DNA samples were considered positive
for a particular transgene if a band of the predicted size
in the test samples was present with no amplification
occurring in the control sample. Endogenous genomic
www.wjgnet.com

246

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

tyrosinase sequence was not amplified under this PCR
conditions chosen here.
Mouse propagation and transmission
At 6-8 wk of age, founders shown to be transgenic for the
tyrosinase minigene were mated with normal Kunming
mice to generate F1. Pigmented F1 animals derived from
founder, as well as albino non-transgenic littermates were
further analyzed for the inheritance of the tyrosinase
transgene by PCR using tyrosinase-FP/RP primers. PCR
protocols for TyBS were noted above.

RESULTS
Rescue of the albino phenotype by tyrosinase transgene
Within the coding sequences of the tyrosinase gene, a G
to C transversion at nucleotide 308, leading to a cysteine
(Cys) to serine (Ser) mutation at amino acid 103, is
sufficient to abrogate pigment production in mice[5]. This
same base pair change is fully conserved in the classical
albino strains of laboratory mice, such as FVB/N and
BALB/c[5]. Albino Kunming mice are an outbred mouse
strain that is homozygous mutant at the albino (c) locus.
An albino mutation carried in the Kunming mouse strain
should be also the result of a base substitution from G
to C in exon I. It is, therefore, reasonable to expect that
the albino phenotype can be rescued by introducing a
functional tyrosinase minigene, such as TyBS, into albino
embryos.
The tyrosinase minigene TyBS construct[5] used for
microinjection is illustrated in Figure 1. As the expression
of the tyrosinase minigene is easily detected by the
pigmented phenotype, this gene can be used as a visual
marker for the production of transgenic animals.
Of the 45 embryos transferred to the recipient females,
11 embryos developed to term. Two individuals of 11
siblings were transgenic, as demonstrated by pigmentation
phenotype in the eyes (Figure 2A-D, F and G) and coat
(Figure 2C, D and F), and PCR analyses (Figures 3A and B).
Further more, two TyBS transgenic mice, i.e. P1
(Figure 2A and B) and #8 (Figure 2G) which died 48 h
after birth, had dark eyes at birth, and were immediately
identifiable as transgenic mice. Although the extent of
the coat pigmentation was non-standard like the wild-type
phenotype, founder P1 exhibited the partially pigmented
phenotype (Figure 2C, D and F). Over time, the coat
of P1 with nearly black eyes (Figure 2A-D, F) became
more heavily pigmented (light grey to dark grey) (Figure
2C, D and F), while the eye and fur phenotypes of nontransgenic littermate controls remained pink and albino
throughout life (Figure 2C-E), respectively.
Transmissibility of the foreign transgene
To determine whether the TyBS transgene was transmitted
to the next generation, at 6 wk of age female P1 was backcrossed to the parental mouse strain to give F1 generation.
The progeny of P1 was analyzed for the inheritance of the
transgene by eye phenotype, coat pigmentation and PCR.
From the cross between P1 and normal Kunming
mouse, 11 offspring were obtained. Although all of
littermates from P1 died immediately at birth, it was found
www.wjgnet.com
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that six out of the 11 siblings exhibited the pigmented eyes
at birth (Figure 2H), as verified by PCR (Figure 3C).
Non-mosaic transg enic mice with one site of
integration should transmit the transgenic DNA in a
Mendelian fashion to about 50% of their offspring,
whereas mosaic mice generally show a frequency of
transmission of 25% or less. Note that founder mice
that have more than one site of integration can produce
litters where 75% or more of the offspring are transgenic,
although the percent transmission for any one site of
integration is expected to be average 50% or less[29,30]. It
was concluded that founder P1, successfully transmitting
the transgene in a Mendelian fashion to about 55% (6/11)
of its progeny, is non-mosaic transgenic mouse.
Taken together, these data demonstrate that founder
P1 can transmit the transgene to subsequent generation
and its progeny show an inherited characteristic phenotype
of pigmented eyes.

DISCUSSION
Coat color of the tyrosinase transgenic mice
Pigmentary genes are the first mammalian genes to be
studied, mostly because of the obvious phenotypes
associated with their mutations[23]. In this study, founder
P1, harboring the tyrosinase minigene TyBS, exhibited light
pigmentation, but non-standard wild-type coat color in
the skin, although over time, P1 coat became more heavily
pigmented. Similarly, the transgenic mice carrying TyBS
construct showed considerable variation in the intensity of
pigmentation, the coat colors were found to range from
grayish to brownish, and none of the mice were black[5].
Actually, all these standard tyrosinase constructs,
including TyBS, driven by the limited amount of 5’
tyrosinase upstream regulatory sequences (ranging from
270- to 5500-bp promoter sequences) displayed a high
degree of variability in coat pigmentation between
independent lines[14,30-34], and the coat pigmentation did
not reach the normal levels observed in the wild-type
phenotype[6,18,30-32,35,36]. For example, in an evaluation of
39 transgenic founder animals and 44 transgenic lines, 5
phenotypic patterns of pigmentation were consistently
obser ved, including albino, dark, light, mottled and
Himalayan[32]. In fact, the tyrosinase minigene which is
sufficient to produce normal levels of both eumelanin
and phaeomelanin can give nor mal black or brown
pigmentation on the appropriate non-agouti genetic
backgrounds[5,32]. These abnormally expressional patterns
might have been explained by position effects. In summary,
these findings demonstrate that other regulatory regions
within the tyrosinase gene are required to sustain the
faithful expression of tyrosinase transgene, independent
of integration site.
By flanking a tyrosinase minigene with tandem copies
of the chicken β -globin 5' HS4 insulator, there is a
significant reduction in variability among transgenic lines,
with the resulting mice exhibiting the similar levels of
coat pigmentation, which, in turn, improves the yield of
phenotypically expected transgenic founders resulting from
each microinjection session, and consequently reduces
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Figure 2 Eye and coat colors of tyrosinase minigene transgenic Kunming albino mice. One foster mother gave birth to six F0 pups (A-F); among the littermates, only one
mouse (referred to as P1) had the pigmented eyes at birth. On July 15, another foster mother produced three F0 pups (G); of three siblings, only one mouse (referred to as
#8) indicated the pigmented eyes at birth. P1 (♀) was crossed with normal Kunming albino mouse to give birth to 11 F1 offspring (H). All of the common albino strains of
laboratory mice, such as FVB/N, BALB/c, and Kunming mouse (in China), have pink eyes and albino skin. (A and B) The 2-d-old littermates. At birth, one pigmented mouse
(P1) with dark eyes could be easily and immediately identified as a transgenic mouse by simple visual inspection. (C) The 4-wk-old littermates and Kunming albino foster
mother. Founder P1 exhibited black eyes and light grey fur when compared to the non-transgenic littermate controls and Kunming albino foster mother with pink eyes and
albino skin. No differences in phenotypes between transgenic mouse and the controls and foster mother except for melanization in eyes and hairs. Actually, the Kunming
albino mouse was also used as a recipient strain for TyBS transgene in this project. (D) Eye color of the 4-wk-old P1 mouse compared with one of the non-transgenic
littermates. One of the non-transgenic littermates (right of the middle map) had pink eyes, while at this age the heterozygote P1 (left of the middle map, upper and lower)
had nearly black eyes. (E and F) The 8-wk-old non-transgenic littermate control and the adult P1 mouse (8-wk old), respectively. The non-transgenic littermate control
(E, left) had pink eyes and albino coat, while at this age the heterozygote P1 mouse (F, right) had nearly black eyes and dark grey coat. Over time, the coat of P1 mouse
became more heavily pigmented, while the eye and fur phenotypes of non-transgenic littermate control remained pink and albino throughout the life, respectively. (G) Eye
color of the 1.5-d old #8 compared with its littermates. At birth, #8 with dark eyes could be easily and immediately identified as transgenic mice by simple visual inspection.
Unfortunately, #8 as well as non-transgenic littermates without dark eyes were killed by foster mother 1.5 d after birth. (H) Eye color of F1 offspring (11) developed from
mating of P1 and normal Kunming albino mouse. Founder P1 (♀) was back-crossed to normal Kunming albino mouse to produce eleven F1 generation. Unluckily, all of F1
offspring (11), born on September 8, died immediately at birth. P1 also deceased one month after delivery as it did not recover from giving birth to pubs. Of the 11 animals
that developed from the mating aforementioned, six mice exhibited pigmented eyes. → and → indicate the pigmented eyes and non-pigmented eyes (pink), respectively.
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Figure 3 PCR detection of TyBS gene from genomic DNA of the potential transgenic founders (A and B) and subsequent generation(s) (C). Lane M1: DL 2000 DNA Marker
(TaKaRa); lane PC: positive control (TyBS as template); lane NC: negative control using genomic DNA from normal Kunming mice as template. The arrows indicate the
positions of PCR products amplified by the primers shown in Figure 1. (A) Littermates (F0, six mice) were verified for the transgene presence by PCR analysis. Lanes 1-6:
genomic DNA from the potential founder(s) of 6 littermates; Lane 2: 767-bp band amplified from genomic DNA of P1 with pigmentation in the eyes. (B) Littermates (F0, three
mice) were confirmed for the transgene presence by PCR analysis. Lanes 1-3: genomic DNA from the potential founder(s) of three siblings. Lane 1: 767-bp band amplified
from genomic DNA of #8 with pigmentation in the eyes. Other details are as in Figure 2G. (C) Littermates (F1, 11 mice) were examined for the transgene presence by PCR
analysis. The founder P1 (♀) was crossed with normal Kunming mouse to produce 11 littermates (F1) with six mice with pigmented eyes. Lanes 1-11: genomic DNA from
F1 offspring derived from P1; Lanes 1, 3-5, 7, 10: 767-bp specific band amplified from genomic DNA of F1 offspring exhibiting pigmented eyes.

animal requirements for transgenic production[37].
Co-injection strategy for visually identifying the transgenic
mice
Screening transgenic animals is usually time-consuming and
labor-consuming. It would be very helpful if the transgenic
animals could be identified by the visible inspection at
birth. The functional tyrosinase gene introduced into an
albino mouse strain leads to pigmentation in eyes and skin
with high penetrance, and pigmented mice with dark eyes
can be immediately identified by simply visible inspection
at birth[23], as further confirmed by this study.
When two or several transgenic constructs are coinjected into single-cell fertilized embryos, the coinjected constructs typically co-integrate into the genome,
where the transgene can independently express [38] .
Theoretically, co-injection of tyrosinase transgenic
construct with any other construct(s) should result in
a certain percentage of transgenic mice carrying both
transgenes at a single chromosomal site[23]. Additionally,
co-injection experiments with the agouti transgenes and
other transgenes demonstrated co-integration of the two
constructs at the same chromosomal site in approximately
95% of F1 progeny, allowing transgene inheritance to
be visibly detected[39]. The direct and visual detection of
pigmentation in tyrosinase transgenic animals generated in
the albino genetic backgrounds was repeatedly proposed
by independent teams as a visual marker in co-injection
strategies for the rapid detection of the successful tran
sgenesis[12,30-33,35] and by our practices (data not shown).
The utility of tyrosinase minigene co-injection with other
construct(s) of interest is a useful adjunct to allow rapidly
visual identification of transgenic mice at birth.
Moreover, another advantage of co-injection strategy
is the fact that homozygous mice in most families can

www.wjgnet.com

be identified by simply visual inspection, since the
homozygous mice have darker coat colors, reflecting the
increased gene dosage[32].
The co-injection strateg y improves the yield of
phenotypically desirable transgenic founder mice resulting
from each microinjection session, and consequently
reduces animal requirements for the transgenic production
and routine genetic validation of transgenic lines.
In summary, we have successfully rescued the albino
phenotype by introducing a functional tyrosinase gene
into Kunming albino mouse. It should be pointed out here
that TyBS and other tyrosinase transgenic constructs can
be fused with any of the other genes and microinjected
into fertilized eggs from albino murine strains in order to
produce melanin pigments as an excellently visible marker
for the generation and breeding of transgenic mice.
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Abstract
AIM: To investigate the antiproliferative effect of
paeonol (Pae) used alone or in combination with
chemotherapeutic agents [cisplatin (CDDP), doxorubicin
(DOX) and 5-fluorouracil (5-FU)] on human hepatoma
cell line HepG2 and the possible mechanisms.
METHODS: The cytotoxic effect of drugs on HepG 2
cells was measured by 3-(4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetra-zolium bromide (MTT) assay.
Morphologic changes were observed by acridine orange
(AO) fluorescence staining. Cell cycle and apoptosis
rate were detected by flow cytometry (FCM). Drug-drug
interactions were analyzed by the coefficient of drug
interaction (CDI).
RESULTS: Pae (7.81-250 mg/L) had an inhibitory effect
on the proliferation of HepG2 cells in a dose-dependent
manner, with the IC50 value of (104.77 ± 7.28) mg/L. AO
fluorescence staining and FCM assays showed that Pae
induced apoptosis and arrested cell cycle at S phase in
HepG2 cells. Further, different extent synergisms were
observed when Pae (15.63, 31.25, 62.5 mg/L) was
combined with CDDP (0.31-2.5 mg/L), DOX (0.16-1.25
m g / L ) , o r 5 - F U ( 1 2 . 5 - 1 0 0 m g / L ) a t a p p ro p r i a t e
concentrations. The IC 50 value of the three drugs
decreased dramatically when combined with Pae (P <
0.01). Of the three different combinations, the sensitivity
of cells to drugs was considerably different.
www.wjgnet.com

CONCLUSION: Pae had a significant growth-inhibitory
e ffe c t o n t h e h u m a n h e p a t o m a c e l l l i n e H e p G 2 ,
which may be related to apoptosis induction and cell
cycle arrest. It also can enhance the cytotoxicity of
chemotherapeutic agents on HepG2 cells, and the S phase
arrest induced by Pae may be one of the mechanisms of
these interactions.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the third leading cause of cancer-related death
worldwide[1]. Eighty percent of the burden is borne by
countries in Asia and Sub-Saharan Africa [2]. Although
recent advances in management with a multidisciplinary
approach results in improved local and regional disease
control, the 5-year survival rate is still less than 10%[3].
Thus it is imperative to develop more effective and lowtoxic chemotherapy agents.
Chinese herbal medicines are now attracting great
attention in the world, which also show promising effects
in treatment of cancers, including HCC[4]. Paeonol (Pae,
2-hydroxy-4-methoxyacetophenone, Figure 1), is a natural
product extracted from the root of Paeonia Suffruticosa
Andrew[5]. In our previous study, the antineoplastic activity
of Pae has been demonstrated both in various cell lines[6]
and in animal models[7,8]. The present study was designed
to investigate the antiproliferative effect of Pae used alone
or in combination with chemotherapeutic drugs [cisplatin
(CDDP), doxorubicin (DOX) and 5-fluorouracil (5-FU)]
on human hepatoma cell line HepG 2 and the possible
mechanisms.

MATERIALS AND METHODS
Cells and culture conditions
Human hepatocellular carcinoma cell line HepG 2 was
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Figure 1 Structure of
Pae (2-hydroxy-4-methoxyacetophenone).
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purchased from Shanghai Institute of Hepatocarcinoma.
HepG2 cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and incubated at 37℃ in a humidified
atmosphere with 5% CO2.
Drugs and reagents
Pae Injection was purchased from the First Pharmaceutical
Factory of Shanghai, China (Cat. No. 990402, 10 mg/2
mL); CDDP Injection was purchased from Nanjing
Pharmaceutical Co. Ltd, China (Cat. No. 20050602, 20
mg/20 mL); DOX was provided by Wanle Pharmaceutical
Inc., Shenzhen, China (Cat. No. 0407E1, 10 mg/
ampoule); 5-FU Injection was supplied by Shanghai
Haipu Pharmaceutical Factory, China (Cat. No. 031109,
0.25 g/10 mL); DMEM was purchased from Gibco
BRL, Life Technologies Inc. (New York, USA); 3-[4,
5-dimethylthiazol-2-yl]-2, 5-diphenyltetra-zolium bromide
(MTT) and acridine orange (AO) were from Sigma Co.,
USA. DNA-Prep-Reagents Kit was provided by Beckman
Coulter Co. USA(Cat. No. 760279K).
In vitro cytotoxicity assay
HepG2 cells were seeded in 96-well plates at a density
of 1-5 × 10 3 cells/well in 100 μ L DMEM containing
10% FBS overnight. Nonadherent cells were removed
by gentle washing. Then cells were treated with various
concentrations of the drugs. After 44 h of drug exposure,
20 μL MTT solution (5 g/L) was added to each well for
another 4 h at 37℃. The formazine was solved in 150
μL/well dimethyl sulfoxide (DMSO) and the absorbance
was detected at 490 nm using ELx800 Strip reader (Bio-Tek,
USA). The percentage of cytotoxicity was calculated as
follows: Cytotoxicity (%) = (1-A490 of experimental well)/
A 490 of control well. The median inhibitory concentration
(IC50) (defined as the drug concentration at which cell
growth was inhibited by 50%) was assessed from the doseresponse curves.
Analysis of in vitro drug interaction
The coefficient of drug interaction (CDI) was used
to analyze the synergistically inhibitory effect of drug
combinations[9]. CDI is calculated as follows: CDI = AB/
(A × B). According to the absorbance of each group, AB
is the ratio of the combination groups to control group;
A or B is the ratio of the single agent groups to control
group. Thus CDI value less than, equal to or greater
than 1 indicates that the drugs are synergistic, additive or
antagonistic, respectively. CDI less than 0.7 indicates that
the drugs are significantly synergistic.

0

7.81

15.63 31.25
62.5
125
Pae concentration (mg/L)

250

Figure 2 Dose-dependent cytotoxicity of Pae in HepG2 cells. Data are presented
as mean ± SE (error bar) of triplicate experiments.

AO fluorescence staining
Cells were cultured in 6-well plates containing cover slips
overnight. After incubation with Pae for 24 h, the cover
slips were washed twice with PBS, fixed with 95% ethanol
for 15 min, acidified with 1% acetic acid for 30 s, dyed
with 0.1 g/L AO for 10 min, differentiated with 0.1 mol/L
CaCl2 for 2 min, and then washed with PBS 3 times. The
cover slips were sealed and observed under a fluorescence
microscope (OLYMPUS, Japan).
Flow cytometry assay
Cells were cultured in 6-well plates and allowed to grow
to 75%-80% confluency. Nonadherent cells were removed
by gentle washing, and the media were removed and
replaced with fresh medium containing Pae at the desired
concentrations. After exposure to drugs for 24 h, cells
were collected and centrifuged at 1500 r/min in a 15 mL
tube for 10 min. The cells were washed twice with PBS and
resuspended in 50 μL fixing buffer at a room temperature
for 20 s, then 500 μ L propidium iodide (PI) staining
buffer was added in the dark at room temperature for 30
min (according to the procedure program of the DNAPrep Coulter reagents kit). A minimum of 1 × 105 cells for
each group was analyzed using an EPICS XL-MCL model
Coulter counter. Cell cycle distribution was analyzed using
Mcycle software.
Statistical analysis
Biostatistical analyses were done using the SPSS 11.5
software package. All experiments were repeated at
least three times. Results of multiple experiments are
given as the mean ± SE. Non-parametric Kr uskalWallis test was used to detect differences among the
different experimental groups. Mann-Whitney U test was
subsequently used for statistical evaluation in two-group
comparisons. Pearson correlation coefficients were used
for continuous independent and dependent variables. A
level of P < 0.05 was accepted as statistically significant.

RESULTS
Effect of pae on the proliferation of HepG2 cells
We first examined the effect of Pae on the proliferation
of HepG2 cells. As shown in Figure 2, a dramatic dose-
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Figure 3 Effect of Pae on apoptosis in HepG2 cells. A: Morphological changes of HepG2 cells treated with Pae 62.5 mg/L (× 320); B: Flow cytometry analysis of HepG2 cells
treated with Pae for 24 h. (a). Control; (b).Pae 31.25 mg/L; (c).Pae 62.5 mg/L; (d).Pae 125 mg/L.

dependent reduction of cell viability was seen in cells
incubated with Pae at concentrations of 7.81-250 mg/L
for 48 h. The r value of dose-effect curves was 0.959 (P <
0.01) and the IC50 value of Pae was (104.77 ± 7.28) mg/L
(P < 0.01).
Effects of Pae on apoptosis in HepG2 cells
Morphological evidence of apoptosis was demonstrated
by AO fluorescence staining. AO could be seen in all cells
and the nuclei appeared green and chromatin was stained
yellow (Figure 3A). Cells treated with Pae showed typically
apoptotic changes, such as chromatin condensation,
www.wjgnet.com

membrane blebing, deformed and fragmented nuclei.
FCM assay was performed to analyze apoptosis in
HepG2 cells treated with various concentrations of Pae for
24 h. It was found that the sub-G1 peak appeared before
G 1 phase, which represents apoptotic cell population
(Figure 3B), in a dose- and time-dependent manner
(Figure 4).
Effects of Pae on cell cycle in HepG2 cells
Mcycle software was used to analyze the kinetic changes
of cell cycle distribution. In untreated HepG2 controls,
cells were present in G0/G1 (71.79% ± 2.76%), S (20.31%
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Figure 4 Effect of Pae on cell cycle in HepG2 cells. The distribution of cells in the sub-G1, G0/G1, S, and G2/M phases of the cell cycle were calculated and plotted. (A):
Dose-dependent curve of cell cycle distribution induced by Pae. (B): Time-dependent curve of cell cycle distribution induced by Pae 31.25 mg/L. Each point represents
triplicate experiments. Bars ± SE.

± 0.58%), and G2/M (7.16% ± 0.57%) phases. For HepG2
cells exposed to various concentrations of Pae, the S-phase
fraction increased while G0/G1 fraction decreased in a
dose-dependent manner (Figure 4A). And the percentages
of cells in S phase increased to 24.98% ± 1.63%, 26.54%
± 1.53%, 31.72% ± 4.85% after 24, 48, and 72 h,
respectively, when compared with untreated control cells,
which was accompanied by a concomitant decrease of
cells in the G0/G1 phase of the cell cycle (Figure 4B). It
indicated that Pae might arrest the cell cycle at the S phase,
and this blockage of cell cycle may prevent cells from
entering M phase.
Pae enhancing the cytotoxicity of chemotherapeutic drugs
on HepG2 cells
Growth-inhibition assays were performed to investigate
whether Pae can enhance the antiproliferative effects of
chemotherapeutic agents on HepG2 cells. Three doses of
Pae (15.63, 31.25 and 62.5 mg/L) were combined with
different concentrations of CDDP, DOX, and 5-FU,
respectively. For each experiment, a dose-response curve
of each single chemotherapeutic agent and its combination
with Pae was drawn, which showed that Pae increased the
cytotoxicity of CDDP, DOX, and 5-FU on HepG2 cells.
The IC50 value of the three drugs decreased dramatically at
different extents when combined with Pae. For example,
in the presence of 15.63, 31.25 and 62.5 mg/L Pae, the
IC50 of CDDP reduced from 0.591 ± 0.053 mg/L to 0.366
± 0.011, 0.161 ± 0.018, 0.007 ± 0.002 mg/L, respectively.
That of DOX reduced from 0.489 ± 0.124 mg/L to 0.175
± 0.043, 0.037 ± 0.012, 0.032 ± 0.005 mg/L. And that of
5-FU reduced from 310.783 ± 13.094 mg/L to 161.759 ±
9.507, 8.646 ± 2.331, 5.021 ± 0.962 mg/L, respectively (P
< 0.01, Figure 5A-C).
We analyzed the nature of the interaction between
Pae and the three drugs using CDI, which quantitatively
measures the interaction of two drugs. As shown in Figure
5D, Pae and CDDP yielded synergistic interactions across a
wide concentration range. The synergistic effect was most
prominent when 15.63 mg/L Pae was combined with 1.25

mg/L CDDP (CDI < 0.7). While a significant synergistic
effect was only obtained when Pae concentration reached
31.25 and 62.5 mg/L in combination with 0.16 mg/L
and 0.31 mg/L DOX, respectively. When DOX reached
1.25 mg/L, the interaction was antagonistic (Figure
5E). Pae had a relatively weak activity to enhance the
antiproliferative effect of 5-FU in HepG 2 cells. If the
concentrations of drugs were too high or too low, the
synergistic cytotoxic effects could not be achieved. The
combinations of Pae at 31.25 mg/L and 5-FU at 12.5 and
25 mg/L exhibited significantly synergistic activity against
HepG2 cells, while an antagonistic effect was observed at
62.5 mg/L of Pae in combination with 25-100 mg/L of
5-FU (Figure 5F).

DISCUSSION
Currently, a variety of cytotoxic and antiproliferative agents
have been tested in HCC treatment, which are used alone,
or in combination with other drugs or other treatment
modalities[10]. Agents with partial response rates near or
above 10% include DOX, CDDP and 5-FU[11-13]. However,
high doses of these drugs lead to severe toxicities, which
have a negative effect on patients’ survival. The use of less
toxic doses in combination with other anti-proliferative
agents would be desirable[14-17].
Pae is isolated from the herb Pycnostelma paniculatum
(Bunge) K.S., and the root of the plant Paeonia Suffruticosa
Andrew[5]. It is a white needle crystal with a relatively lowmelting point of 51℃-52℃. The molecular weight of
Pae is 166.18 ku and the molecular formula is C9H10O3[18]
. Pae possesses extensive pharmacological activities such
as sedation, hypnosis, antipyresis, analgesic, antioxidation,
antiinflammation, and immunoregulation[19]. Additionally,
Pae had minimal systemic toxicity (LD 50 3430 mg/kg)
when it was orally administrated to mice [20] . In our
previous study, the antineoplastic activity of Pae has
been demonstrated both in cell lines, such as human
erythromyeloid cell line K562, breast cancer gene cell line
T6-17, human hepatoma cell line Bel-7404, and cervical
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Figure 5 The synergistically antiproliferative effect of Pae combined with CDDP (A), DOX (B), or 5-FU (C) on HepG2 cells. The dots represent the concentrations of
chemotherapeutic drugs as 0 on the dose-response curves which means treatment with Pae alone. Data are presented as mean ± SE of triplicate experiments. aP < 0.05,
b
P < 0.01, vs chemotherapeutic drugs alone. And CDI for the combination treatment of Pae with CDDP (D), DOX (E), or 5-FU (F) on HepG2 cells.

cancer cell line Hela[6], and in animal models bearing HepA
hepatocarcinoma[7,8]. Ji et al[21] demonstrated that Pae at a
low concentration had synergetic effects with 5-FU, MMC
and CDDP on inhibiting the proliferation of human
colorectal cancer cell line HT-29.
In the present study, Pae exhibited growth inhibition
to HepG2 cells in a dose-dependent manner, with the IC50
value of 104.77 (± 7.28 mg/L) mg/L. Although the exact
mechanism of the cytotoxicity of Pae against HepG2 cells

www.wjgnet.com

is not entirely clear, many potential mechanisms have been
proposed for the growth inhibition of Pae in cultured
cells and animal models. These mechanisms include
induction of apoptosis[22-23] and immunoregulation such
as promoted lymphocyte proliferation, IL-2 production
by splenocytes, and TNF-α production by PMφ from the
model mice[7,8]. Apoptosis is a mechanism by which cells
undergo death to control cell proliferation or in response
to DNA damage. A tumor occurs when the balance of
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cell proliferation and cell death is broken[24]. Induction
of apoptosis is an effective strategy for cancer therapy[25].
In the present study, the cells treated with Pae showed
typical characteristics of apoptosis. Similarly, apoptotic
peak appeared before G1 phase after treatment with Pae,
which resulted from the internucleosomal degradation of
DNA, in a dose- and time-dependent manner. Moreover,
the HepG2 cells exposed to Pae for 24 h showed depletion
of the G 0 /G 1 fraction and accumulation in S-phase.
Accumulation in S-phase has also been reported by Liu
et al[22], in which Pae could induce cell cycle disturbance
and S phase of the HT-29 cells was increased, while G0/G1
and G2/M phase of the cells were decreased. The S phase
arrest and apoptosis induction of Pae on HepG2 cells
might be its main mechanism.
Meanwhile, HepG 2 cells were treated with the
combinations of Pae and different chemotherapeutic
agents. The results indicated that the growth inhibitory
effect of CDDP, DOX, or 5-FU, respectively, was
enhanced significantly by Pae at appropriate concentrations. Among the three agents examined, CDDP showed
the most wide synergistic effect with Pae. The synergistic
effect was most prominent (CDI < 0.7 =) when 15.63
mg/L Pae was combined with 1.25 mg/L CDDP. This
indicated that the combination of Pae and CDDP at
certain concentrations might help reduce nausea, vomiting
and serious kidney toxicity of CDDP. Similar results that
Pae in combination with anticancer drugs had synergistic
effects at lower concentrations and had antagonistic effects
at higher concentrations were observed in DOX and
5-FU, but with different sensitivities. The S phase arrest
of Pae may be one of the mechanisms related with these
interactions. 5-FU belongs to cell cycle specific agents,
which acts specifically on cells in S phase[26]. The cytotoxic
effects of CDDP and DOX are generally considered to
be non-cell-cycle specific [27-28]. Nevertheless, DOX has
the most killing effect on S phase cells[28]. CDDP is most
specific to G1 phase cells, while it also has strong effects on
cells in S phase[29]. Further studies are needed to investigate
the mechanisms of these synergisms, which favor the
reasonable application of Pae to HCC treatment.
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Innovations and breakthroughs

This is the first report on the antiproliferation, induction of apoptosis and cell cycle
arrest by Pae in HepG2 cells.

Applications

Pae may be expected to be effective and useful as a new agent in hepatoma
chemotherapy.

Peer review

The authors examine the cytotoxic effect of Pae only in HepG2 cells. It remains
unclear whether the effect of Pae in HepG2 cells can be generalized to other
hepatoma cells. The authors should examine the effect of Pae using a panel of
hepatoma cell lines; The data in Figure 4 suggested that Pae induces S-phase
arrest in HepG2 cells. However, the molecular basis for S-phase arrest is not
clearly shown. The authors should examine whether Pae has an effect in cells
arrested at G1/S phase using pre-treatment of cells such as hydroxyurea. It would
be important to examine the expression of p21, p27 CDK1 and cyclinA after
treatment with Pae.
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patients showed significantly increased detection rates of
disseminated tumor cells in blood and peritoneal lavage
compared to the controls and the patients with chronic
pancreatitis.

Abstract

© 2007 The WJG Press. All rights reserved.

A I M : To e v a l u a t e t h e d i a g n o s t i c p o t e n t i a l o f
cytokeratin-19 (CK-19) mRNA for the detection of
disseminated tumor cells in blood, bone marrow and
peritoneal lavage in patients with ductal adenocarcinoma
of the pancreas.

Key words: Tumor cell dissemination; Pancreatic cancer;
Cytokeratin-19

METHODS: Sixty-eight patients with pancreatic cancer
(n = 37), chronic pancreatitis (n = 16), and non-pancreatic benign surgical diseases (n = 15, control group)
were included in the study. Venous blood was taken
preoperatively, intraoperatively and at postoperative
d 1 and 10. Preoperative bone marrow aspirates and
peritoneal lavage taken before mobilization of the
tumor were analyzed. All samples were evaluated for
disseminated tumor cells by CK-19-specific nested-PCR
and quantitative fluorogenic RT-PCR.
RESULTS: CK-19 mRNA expression was increased in 24
(64%) blood samples and 11 (30%) of the peritoneal
lavage samples in the patients with pancreatic cancer.
In 15 (40%) of the patients with pancreatic cancer,
disseminated tumor cells were detected in venous blood
and bone marrow and/or peritoneal lavage. In the
peritoneal lavage, the detection rates were correlated
with the tumor size and the tumor differentiation. CK-19
levels were increased in pT3/T4 and moderately/poorly
differentiated tumors (G2/G3). Pancreatic cancer patients
with at least one CK-19 mRNA-positive sample showed
a trend towards shorter survival. Pancreatic cancer

CONCLUSION: Disseminated tumor cells can be
detected in patients with pancreatic ductal adenocarcinoma by CK-19 fluorogenic RT-PCR. In peritoneal
lavage, detection rate is correlated with tumor stage and
differentiation. In the clinical use, CK-19 is suitable for
the distinction between malignant and benign pancreatic
disease in combination with other tumor-specific
markers.
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J, Witzigmann H. Detection of disseminated pancreatic cells
by amplification of cytokeratin-19 with quantitative RT-PCR
in blood, bone marrow and peritoneal lavage of pancreatic
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INTRODUCTION
Pancreatic cancer is one of the top five causes of
cancer death in the Western world. The 5-year survival
rates are around 4% [1,2]. Tumor resection is associated
with prolonged survival and postoperative adjuvant
chemotherapy may further improve long-term results[3,4].
However, curative treatment of most patients fails due to
local recurrence and hepatic metastases occurring within
two years after surgery[5,6]. Occult micro-metastases caused
by disseminated tumor cells are the most limiting factor
for the improvement of mortality rates. Their influence on
prognosis and development of new therapeutic strategies
has not yet been completely elucidated.
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Disseminated tumor cells are not ascertainable
with current staging methods. Additional to cytology,
immunohistochemical analysis is the standard for
identification of tumor cells. Despite improvement of
detection rates by conventional cytology, conflicting result
regarding the prognostic relevance have been reported[7].
Several studies focused on molecular biological approaches
for the qualitative or semi-quantitative verification
of tumor cell dissemination in pancreatic cancer [8-12].
Reverse transcriptase polymerase chain reaction (RTPCR) has a high sensitivity and allows the identification
of approximately 1 tumor cell in 107 normal peripheral
mononuclear blood cells [13] . Using qualitative PCR
methods, varying frequency of gene transcripts and false
positive results have been reported[14-16]. Therefore, tumor
cell detection in patients with ductal adenocarcinoma of
the pancreas is still a matter of debate.
Nowadays CEA and CA 19-9 are established as clinical
markers for pancreatic cancer. However, expressions of
these antigens have also been reported in cholangitis,
chronic pancreatitis and various g astrointestinal
tumors[17]. Various studies used cytokeratin-19 (CK-19)
for pancreatic cell detection. CK-19 has been identified
as a reliable marker for epithelial cell differentiation[18].
It is specific for undifferentiated pancreatic ductal cells
and homogenously expressed at high levels in primary
pancreatic adenocarcinoma and pancreatic carcinoma
metastases[19,20]. CK-19 is not expressed in hematopoetic
cells and therefore suited for detection of disseminated
pancreatic cells in the peripheral blood[19,21].
Here, we report on the expression of CK-19 mRNA
in blood, bone marrow and peritoneal lavage in 68
patients. Nested-PCR and quantitative fluorogenic RTPCR were used to detect dissemination of pancreatic cells
in patients with pancreatic cancer, chronic pancreatitis
and non-pancreatic benign surgical diseases. The purpose
of this study was to evaluate the potential of qualitative
nested-PCR and quantitative RT-PCR for the detection
of disseminated pancreatic cells and the differentiation
between chronic pancreatitis and pancreatic cancer.

MATERIALS AND METHODS
Patients
This prospective study was approved by the Ethical
Commission of the University of Leipzig and informed
written consent was obtained from each patient. Peripheral
blood samples, bone marrow aspirations and peritoneal
lavage of 68 patients were analyzed. Thirty-seven patients
with histologically confirmed primary pancreatic cancer,
16 patients with chronic pancreatitis and 15 controls
with non-pancreatic benign surgical diseases participated
in the study. In all patients, diagnosis was confirmed
by the resected specimen or tumor biopsy for nonresectable cancers (n = 11). Patients with pancreatic cancer
were staged according to the UICC guidelines 2005[22].
According to the UICC stage, 4 (10%) patients had stageⅠ,
3 (8%) stage Ⅱ, 19 (51%) stage Ⅲ, and 11 (29%) stage Ⅳ
pancreatic cancer. The survival time of the patients ranged
between 3 and 48 mo (median survival: 12 mo). Patients
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with cancer of the common bile duct, the ampulla of
Vater or the duodenum were excluded from the study.
Samples
Four blood samples were obtained from each patient
through central venous catheter 30 min preoperatively,
intraoperatively after mobilization of the pancreas and 24
h as well as 10 d after the operation. Bone marrow samples
were obtained after induction of general anesthesia by
aspiration from the iliac crest and heparinized. Peritoneal
lavage was performed immediately after exploration of the
abdominal cavity. About 500 mL of sterile isotonic sodium
chloride solution was instilled, removed after irrigation and
then EDTA buffer was added.
RNA extraction and cDNA synthesis
All samples were diluted and washed with 10 mL of
erythrocyte lysis buffer. The mononuclear cell fraction was
isolated by Ficoll-Isopaque (Amersham, Braunschweig,
Germany). Total RNA was extracted using guanidiniumisothiocyanate-phenol-chloroform-based method (Trizol,
Gibco BRL, Life Technologies, Gaithersburg, USA). RNA
integrity was checked electrophoretically and quantified
spectrophotometrically. First strand cDNA was generated
from 3 μg of total RNA diluted with 10 μL of RNasefree water using 1 μL of Random Hexamer Primer (Roche
Diagnostics, Basel, Switzerland) and incubated for 10 min
at 68℃. After chilling on ice, 7 μL of master mixture,
according to Superscript Ⅱ kit (Invitrogen, Carlsbad,
USA), was added and after 60 min of incubation at 42℃,
the reaction was inactivated for 10 min at 80℃.
Qualitative nested-PCR
Qualitative analysis of CK-19 expression was carried
out using nested-PCR. Two different pairs of primer
(n-PCR1/n-PCR2) were designed. The second set of
primers amplifies inside the amplification sites of n-PCR1
primers to improve the specificity of PCR. Then 5 μL of
cDNA was diluted with 45 μL of mixture containing 1 μL
of each n-PCR1 primer, 10 × PCR buffer, dNTP PCR,
AmpliTaq polymerase (Perkin Elmer Life and Analytical
Sciences, Boston, USA) and DNase-free water for first
round PCR. The conditions for PCR step one and two
were one cycle at 95℃ for 3 min, followed by 40 cycles at
57℃ for 20 s, 72℃ for 50 s and a final extension at 72℃
for 10 min. For second round PCR, 1 μL of aliquot of the
first round PCR product was added to 49 μL of master
mixture containing 1 μL of each n-PCR2 primer. Two
negative controls were included per run. Ten microliters
of all PCR products were electrophoresed on 20 g/L
agarose gels and visualized after ethidium bromide staining
(Table 1).
Quantitative RT-PCR
CK-19 and housekeeping genes beta-actin primers and
fluorogenic probes were designed using Primer Express
software (Primerexpress Version 2.0, Perkin Elmer) (Table
1). PCR primers and probes have been positioned to span
exon-intron boundaries. Amplification and detection of
CK-19 a and b pseudogen are unlikely because probe and
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Table 1 Sequences for quantitative RT-PCR and nested-PCR primers and flourescent probes
Reverse primer

TaqMan primer CK-19

5'-GAAGGCCTGAAGGAAGAGCTG-3'

5'-CCTCCCACTTGGCCCCT-3'

TaqMan primer beta-actin

5'-TCCAGAGGCGCTCTTCCA-3'

5'-CGCACTTCATGATCGAGTTGA-3'

86

Vector primer CK-19

5'-AACTCCAGGATTGTCCTGCAG-3'

5'-TCCCGGTTCAATTCTTCAGTC-3'

401

Vector primer beta-actin

5'-GCACCACTGGCATTGTCATG-3'

5'-CCACACGGAGTACTTGCGC-3'

581

Nested-PCR primer CK-19

5'-AACTCCAGGATTGTCCTGCAG-3'

5'-TCCCGGTTCAATTCTTCAGTC-3'

401

Nested-PCR primer CK-19

5'-GAAGGCCTGAAGGAAGAGCTG-3'

5'-CCTCCCACTTGGCCCCT-3'

Probe CK-19

5'-CCTACCTGAAGAAGAACCATGAGGAGGAAATCAGTA-3'

Probe beta-actin

5’-CCTCCTTCCTGGGCATGGAGTCCTG-3’

Evaluation criteria
For nested-PCR, the samples were tested twice. If a CK-19
signal was detected, the sample was judged positive. The
fluorogenic RT-PCR assay was done twice for each sample.
The average value of both duplicates for each sample was
used as quantitative value. Samples were excluded from the
investigation if the expression of the house-keeping gene
beta-actin was below 106 copies. The ratio of copies of CK
19 mRNA per 106 copies of beta-actin mRNA was used
for further analysis. The introduction of a cut-off was
required, due to high illegitimate background transcription
in the control group. The samples which exceeded the
maximum value of the CK-19 mRNA expression in the
control group were defined as CK-19 mRNA-positive.
Statistical analysis
Mann-Whitney rank sum test was used for quantitative
analysis to asses the differences in the means. Fisher’s
exact test was used for qualitative analysis. Two-tailed P
value less than 0.05 was considered statistically significant.
Kaplan-Meier and log-rank test were used for analysis of
survival. Statistical analysis was carried out using SigmaStat
1.0 software (Jandel Scientific Corp., Erkrath, Germany).

6

primer contain several mismatches. mRNA quantification
was carried out using the one tube, one enzyme fluorogenic
RT-PCR protocol[23]. Ten microliters of cDNA was diluted
with 40 μL of master mixture containing TaqPolymerase,
dNTP mixture and 10 × AmpliTaq buffer A, 200 nmol/L
probe, 900 nmol/L primer and 25 mmol/L MgCl2. After
10 min of denaturation at 95℃, PCR was carried out for
40 cycles at 95℃ for 15 s and extension at 60℃ for 60
s in the presence of the probe. RT-PCR monitoring was
achieved by measuring the fluorescent signal of the probe
at the end of the annealing phase of each cycle. mRNA
quantification was recorded and analyzed with the ABI
7700 Prism Sequence detection system (Perkin Elmer
Applied Biosystems, Foster City, CA, USA). Two notemplate controls were used to monitor contamination in
every run. Accurate quantification was achieved through
generation of standard curves by serial dilution of CK-19
and beta-actin RNA transcribed by RNA polymerase.
The sensitivity of the technique was evaluated by serial
control analysis obtained in dilution experiments with CK19-expressing cancer cell lines (CaPan2, PANC1). It was
possible to detect the CK-19 mRNA expression of one
cell of the cell lines in 1 mL of normal peripheral blood.

Copies CK 19/10 copies beta-actin

Forward primer
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80

80

10 000
8000
6000
4000
2000

Cut-off

0
Blood Intra-OP Post-OP
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10
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Figure 1 Quantitative values of cytokeratin-19 transcription in blood, bone marrow
and peritoneal lavage of the patients with pancreatic cancer. 1Cut-off: Maximal
expression of CK-19 mRNA in healthy control patients.

RESULTS
Qualitative nested-PCR
CK-19 mRNA expression was detectable in the blood in
65% (24/37) of the patients with pancreatic cancer, 53%
(8/16) of the patients with chronic pancreatitis and 18%
(3/15) of the control group. The analysis of the bone
marrow samples revealed detectable CK-19 mRNA in
56% (21/37) of pancreatic cancer patients, 46% (7/16)
of chronic pancreatitis patients and 66% (10/15) of
the control group. In 51% (19/37) of the patients with
pancreatic cancer and 46% (7/16) of the patients with
chronic pancreatitis and 46% (7/15) of the control group,
CK-19 mRNA was detectable in the peritoneal lavage.
There was no statistically significant difference between
the groups.
Quantitative real-time RT-PCR
Blood, bone marrow and peritoneal lavage samples of 37
patients with pancreatic cancer were analyzed by CK-19
fluorogenic RT-PCR. CK-19 mRNA transcripts were
detected in 70% (26/37) of blood samples, 67% (25/37)
of bone marrow aspirates and 54% (20/37) of peritoneal
lavage samples. In 40% (15/37) of the patients, PCR result
was obtained from at least two compartments. We found
that 64% (24/37) of the blood samples and 30% (11/37)
of the peritoneal lavage samples showed CK-19 mRNA
expression above the cut-off value and were defined as
CK-19 mRNA-positive (Figure 1).
The CK-19 signal exceeded the cut-off value in 21%
(8/37) of the pre-operatively and 19% (7/37) of the
www.wjgnet.com
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Figure 2 Quantitative analysis of CK-19 expression in blood (mean ± SD). aP <
0.05 vs pancreatic cancer.

intraoperatively taken blood samples. Likewise, 13% (5/37)
of the samples taken at the first postoperative day and
10% (4/37) of the samples taken at the 10th postoperative
day showed expression of CK-19 mRNA. The median
mRNA expression was significantly increased in the
patients compared to the control group at the four time
points (P < 0.05) (Figure 2). The CK-19 levels showed a
trend to increase intraoperatively and decrease at the 1st
and 10th postoperative days below the pre-operative level
(P = 0.07). We found 64% (24/37) of the bone marrow
samples exhibited detectable CK-19 mRNA expression.
None of the samples exceeded the CK-19 mRNA
expression of the control group. The detection rate was
not statistically different. In the peritoneal lavage, CK-19
signal was detected in 54% (20/37); 30% (11/37) of
these samples exceeded the maximum level of the control
group and were found to be CK-19 mRNA-positive.
Compared to the control group, the median CK-19 mRNA
expression was at least 10-fold increased (533 ± 121 copies
CK-19/106 copies beta-actin vs 6262 ± 557 copies CK
19/106 copies beta-actin, P < 0.01) (Figure 3) .
The correlation analysis of marker detection and stage
of disease was performed for blood, bone marrow and
peritoneal lavage. In peritoneal lavage, CK-19 mRNA
levels correlated with the tumor size and were increased 3
times in the patients with a pT3/pT4 tumor compared to
the patients with pT1/pT2 tumors (874 ± 87 copies/106
copies beta-actin vs 2884 ± 473 copies/106 copies betaactin (P < 0.05). Detection rates were increased for
the patients with moderate or poorly differentiated
tumors (pG2/pG3) compared to the patients with well
differentiated tumors (pG1) (3560 ± 302 copies CK-19/106
copies beta-actin vs 1055 ± 88 copies CK-19/106 copies
beta-actin, P < 0.05) (Figure 4). The detection rates were
not significantly different regarding the N stage or in blood
and bone marrow samples. At the endpoint of the study,
14 patients had died of metastasized disease or tumor
recurrence; 57% (8/14) of these patients had at least one
CK-19 positive sample. No significant difference in the
median survival was observed between the patients with
positive CK-19 mRNA expression and negative CK-19
mRNA expression (10 mo vs 15 mo, P = 0.15).
www.wjgnet.com
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Figure 3 Quantitative CK-19 expression in peritoneal lavage of the patients with
pancreatic cancer (mean ± SD, aP < 0.05 vs pancreatic cancer).
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Figure 4 Quantitative CK-19 expression in peritoneal lavage of the patients with
tumors (mean ± SD). aP < 0.05 vs pT1/2; cP < 0.05 vs pG1.

Blood, bone marrow and peritoneal lavage samples
of 31 patients without malignancies (15 patients of the
control group and 16 patients with chronic pancreatitis)
were evaluated. CK-19 expression was detectable in 80%
(12/15) of the samples taken from the control group.
The highest detectable CK-19 signal was used as the base
line for the cut-off values which were as follows: blood
preoperatively 1064 copies CK-19 per 106 copies betaactin, intraoperatively 984 copies CK-19 per 106 copies
beta-actin, 1 st and 10 th postoperative days 1179 copies
CK-19 per 106 copies beta-actin; bone marrow 4200 copies
CK-19 per 106 copies beta-actin; and peritoneal lavage
1600 copies CK-19 per 106 copies beta-actin.
CK-19 mRNA could be detected in 80% (12/16)
of the blood samples, 53% (8/16) of the bone marrow
aspirates and 60% (9/16) of peritoneal lavage of the
patients with chronic pancreatitis. No analyzed sample
exceeded the maximal CK-19 mRNA expression of the
control group. We observed a five-fold lower CK-19
signal in the peripheral blood compared to the patients
with pancreatic cancer (142 ± 138 copies/106 copies betaactin vs 741 ± 278 copies/10 6 copies beta-actin). The
gene expression was significantly different at the four
investigated time points (P < 0.01) (Figure 2). Analysis
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of the bone marrow samples did not reveal any obvious
difference in the CK-19 mRNA expression between
the investigated groups. Compared to the patients with
pancreatic cancer, the median CK-19 mRNA expression in
the peritoneal lavage was 10-fold lower in the patients with
chronic pancreatitis (261 ± 134 copies/106 copies betaactin vs 3319 ± 484 copies/106 copies beta-actin, P < 0.01).

DISCUSSION
The long-term survival rates for patients with pancreatic
cancer remain low. Without treatment, the 5-year survival
rates are 0.4% to 4%[1,24]. Up to 80% of patients develop
recurrent disease within 2 years after tumor resection[5].
Despite progress in adjuvant therapy and application
of new chemo-radio-immunotherapy protocols, the
high recurrence rate is the most limiting factor for the
improvement of the patients prognosis[3,25]. Therefore,
more sensitive staging methods are needed for this
kind of tumor. Minimal residual disease caused by the
spread of tumor cells into the circulation either before
or during surgery is discussed as a main reason for early
metastases and local recurrence in pancreatic cancer[26,27].
To detect tumor cells in the circulation, several studies
have focused on cytokeratins and their potential role as
tumor-specific markers[11,12,20,28-32]. However, conventional
cytology, immunohistochemistry and molecular biological
approaches reported conflicting results regarding the
prevalence of CK-19 positive disseminated tumor cells and
the impact on the prognosis of patients[12,33]. A reason for
this is the target gene expression by non-neoplastic cells.
False-positive results caused by illegitimate background
transcription of CK-19 as seen in this study pose a major
problem for qualitative PCR analysis. Gene transcription
of CK-19 in healthy control groups and patients with
benign disease has been reported in up to 80% of the
analyzed samples[14,16]. In order to prevent false-positive
results and increase the specificity, samples in this study
were analyzed by quantitative RT-PCR. This approach
facilitated the definition of cut-off values representing
the maximal target gene expression in the control group.
Regarding the results of nested-PCR in our study group,
the qualitative PCR analysis of CK-19 expression can
not be recommended for the detection of disseminated
pancreatic cells.
Despite detection rates between 4%-100% using
K-ras, CEA and cytokeratines as markers, up to now,
tumor cell dissemination in the blood is not identified
as an independent prognostic marker in pancreatic
cancer [12,34-39]. In our sample series, 64% of peripheral
blood samples taken from the patients with pancreatic
cancer were detected to be CK-19-positive by quantitative
fluorogenic RT-PCR. To reflect the dynamics of tumor
cell dissemination during surgical intervention, blood
samples were analyzed at four different time points
showing target gene detection rates significantly higher
compared to the control group. As described for K-ras
and CEA mRNA, the amount of detectable CK-19
transcripts showed a trend to increase intraoperatively and
decrease postoperatively below the preoperative level[26,36,37].
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In consistent with Aihara et al [29] , the CK-19 mRNA
expression in the peripheral blood in our study showed
higher levels.
Various studies have focused on the detection of
disseminated pancreatic tumor cells in the bone marrow.
Though positive detection rates have been reported
between 24% and 58% for different markers, the tumor
cell detection in the bone marrow does not correlate
with tumor stage and is not an independent prognostic
marker[11,12,34,35]. There is only one study by Soeth et al[36]
demonstrating a benefit in survival in patients with CK20-negative bone marrow aspirates. The data obtained
in our study confirm the results of Dimmler et al[14], who
dissuade from use of CK-19 for analysis of bone marrow
due to high levels of illegitimate background expression
in healthy controls. In contrast, peritoneal lavage was
identified to be suitable to represent the actual state of
tumor dissemination. The immunohistochemical analysis
of the peritoneal lavage reported detection rates between
20% and 58% for marker-positive pancreatic cells[34,35,37-39].
Compared to the analysis by Inoue et al[40] who reported
10% of K-ras mRNA-positive cells, our detection rate
of CK-19 positive cells was 30%. To the best of our
knowledge, this sample series is the first report that shows
a correlation between the CK-19 mRNA expression
in the peritoneal lavage and the tumor size and tumor
differentiation. A correlation between positive tumor cell
detection and impaired patient survival as reported for
cytological analysis by Yachida et al[37] and Makary et al[41]
could not be detected.
Besides the detection of dissemination of neoplastic
cells, the differentiation between malignant and benign
pancreatic disease is of major interest for clinicians. Up
to now, several markers such as K-ras, p53 and CEA
failed as serum marker for a differential diagnosis[17,42]. CK
19-9 is the best characterized serum marker but has no
absolute specificity. This is the first study that evaluates
CK-19 mRNA expression in different compartments for
the potential to differentiate between pancreatic cancer
and chronic pancreatitis. In our study, the patients with
pancreatic cancer showed an unequivocally increased
CK-19 expression compared to the patients with chronic
pancreatitis. Ten-fold higher expression levels in the
peripheral blood as well as in the peritoneal lavage from
the pancreatic cancer patients compared to the chronic
pancreatitis patients indicated that quantitative fluorogenic
RT-PCR is suited for the distinction between malignant
and benign pancreatic disease.
In conclusion, our data suggest that CK-19-positive
tumor cells can be detected in patients with pancreatic
carcinoma in venous blood and peritoneal lavage by using
fluorogenic RT-PCR. The prevalence of isolated tumor
cells in peritoneal lavage increases significantly with the
tumor stage and differentiation. The application of highly
sensitive RT-PCR technique may improve the staging of
patients and the monitoring of the residual tumor cell
burden within the context of adjuvant systemic therapies.
For the clinical use, the combination of tumor-specific
markers is indispensable to increase the specificity of this
test.
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The authors demonstrate that quantification of CK-19 seems to be a reliable
marker for the differential diagnosis of ductal pancreatic cancer and for staging.
The Material and Methods, Results and Discussion are adequate and the paper
provides new information for the investigators in this field.
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Abstract
AIM: To comparatively evaluate the long term efficacy of
Rifaximin and dietary fibers in reducing symptoms and/or
complication frequency in symptomatic, uncomplicated
diverticular disease.
METHODS: 307 patients (118 males, 189 females,
age range: 40-80 years) were enrolled in the study
and randomly assigned to: Rifaximin (400 mg bid for 7
d every month) plus dietary fiber supplementation (at
least 20 gr/d) or dietary fiber supplementation alone.
The study duration was 24 mo; both clinical examination
and symptoms’ questionnaire were performed every two
months.
RESULTS: Both treatments reduced symptom frequency,
but Rifaximin at a greater extent, when compared to
basal values. Symptomatic score declined during both
treatments, but a greater reduction was evident in the
Rifaximin group (6.4 ± 2.8 and 6.2 ± 2.6 at enrollment,
P = NS, 1.0 ± 0.7 and 2.4 ± 1.7 after 24 mo, P < 0.001,
respectively). Probability of symptom reduction was
higher and complication frequency lower (Kaplan-Meyer
method) in the Rifaximin group (P < 0.0001 and 0.028,
respectively).
CONCLUSION: In patients with symptomatic,
uncomplicated diverticular disease, cyclic administration
of Rifaximin plus dietary fiber supplementation is more
effective in reducing both symptom and complication
frequency than simple dietary fiber supplementation.
Long term administration of the poorly absorbed antibiotic
Rifaximin is safe and well tolerated by the patients,
www.wjgnet.com

confirming the usefulness of this therapeutic strategy in
the overall management of diverticular disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Diverticular disease of the colon represents the most
common disease affecting the large bowel in the Western
world [1]; the disease is more frequent in USA than in
Europe and it represents a rare clinical condition in
Africa[2]. Prevalence of diverticular disease is largely agedependent and is uncommon, with a rate less than 5%, in
subjects under 40 years of age, increasing up to 65% in
those aged 65 years or more[3]. Diverticular disease and its
clinical consequences have recently become increasingly
prevalent, paralleling western patterns of living and
eating, the ageing population, and economic and industrial
development[4]. Although a large majority of patients with
diverticular disease will remain entirely asymptomatic
for their entire life, 20% of them may manifest clinical
illness[4,5] and a worse quality of life[6]. Furthermore, since
available data[2,3] suggest that the incidence of diverticular
disease is increasing and that its prevalence increases with
age, the identification of a management strategy for the
disease represents an healthy priority. Several guidelines are
actually available to manage diverticular disease[7,8]; there
is a consensus that conservative treatment is indicated in
patients with a first attack of uncomplicated diverticulitis,
since about 70% of patients treated for a first episode
recover and have no further problems[9]. However, a 60%
risk of developing complications has been reported in
patients with recurrent attacks[2]. Conservative treatment
is aimed at the relief of symptoms and at preventing
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major complications[8,9]. Available evidence[10] suggests that
antibiotics, and namely topical antibiotics, and dietary fibers
represent useful treatments for uncomplicated diverticular
disease and for preventing disease complications. Different
antibiotics have been tested, but the possibility of side
effect development due to their long-term use have
discouraged their employment[10].
Rifaximin is a rifamycin analogue with a broad
spectrum of activity similar to that of rifampicin and it
is poorly absorbed in the gastrointestinal tract [11], thus
conferring to this drug a high safety profile. Due to
these properties, Rifaximin has been tested in different
gastrointestinal diseases, and in diverticular disease
too[12,13]. Two randomized clinical trials[14,15] performed in
patients with uncomplicated diverticular disease showed
that Rifaximin plus dietary fiber supplementation was
more effective in improving symptoms than dietary fibre
supplementation alone after 12 mo of treatment.
Since the uncertainties regarding the natural history
of the disease, and in particular the predictors for the
progression from uncomplicated to complicated disease,
and the lack of a definite indication for long ter m
management of uncomplicated disease, data on long-term
treatment with topical antibiotics and dietary fibers would
be necessary.
Therefore, the aim of the present study was to
evaluate the long-term efficacy of cyclic administration
of Rifaximin plus fiber supplementation versus fiber
supplementation alone on symptoms and clinical
manifestations in patients with symptomatic, but
uncomplicted, diverticular disease.

MATERIALS AND METHODS
Study design
This was a multicenter, open, prospective, randomized,
controlled study. Patients were randomly assigned to
one of the two treatment regimens: one group received
Rifaximin (400 mg bid for 7 d every month) plus dietary
fiber supplementation (at least 20 gr/d) (Rifaximin group)
and the other group simple dietary fiber supplementation (at
least 20 gr/d) (fiber group). The study duration was 24 mo.
Patients were consecutively assigned to one group or to
the other by a computer-generated randomization scheme.
Informed consent was obtained from each patient and the
study protocol was approved by the local Ethis Committee.
Patients
Consecutive patients with symptomatic, uncomplicated
diverticular disease were enrolled. Inclusion criteria for
the study were: age between 40 and 80 years, endoscopic
or radiological evidence of diverticular disease of the
sigmoid and/or descending colon, presence of symptoms
attributable to the diverticular disease of the colon such
as lower abdominal pain/discomfort, bloating, tenesmus,
diarrhea and abdominal tenderness. Patients who referred
the continuous presence of three, or more, of these
symptoms for at least 1 mo before the enrolment entered
in the study.
Exclusion criteria were represented by the presence
of a solitary diverticulum of the right colon, signs of
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complicated diverticular disease, previous colonic surgery,
neoplastic or haematological diseases, immunodeficiency,
pregnancy and questionable ability to cooperate. Patients
who assumed antibiotics in the previous 4 wk were also
excluded.
Clinical evaluation
At enrolment and every 2 mo until the 24 mo patients
underwent clinical examination; a questionnaire inquiring
about the presence and severity of abdominal symptoms
was also perfor med. Five clinical variables (lower
abdominal pain/discomfort, bloating, tenesmus, diarrhea
and abdominal tenderness) were graded according to the
following scale: 0 = no symptoms; 1 = mild symptoms,
easily tolerated; 2 = moderate symptoms, sufficient to
cause interference with normal daily activities; 3 = severe,
incapacitating symptoms, with inability to perform normal
daily activities. Consequently the global score could range
from 0 (absence of symptoms) to 15 (presence of all
symptoms with the higher degree of severity).
Biochemical tests were performed at enrolment, and
after 12 and 24 mo of treatment .
Statistical methods
On the presumption of a 40% reduction at 24 mo in
the frequency of symptoms with dietary fiber and a
65% reduction with Rifaximin plus fiber treatment, and
considering the delta between the frequencies to be either
equal to or at least 25%, a two-tail significance test, a
significance level of α = 0.05, a 99% power and a 3:2
allocation ratio (in order to better satisfy the secondary
end-point), the number of patients to be enrolled was 177
patients for the Rifaximin group and 110 for the fibers
group. Presuming a 10% of drop-out, it was necessary to
enrol 307 patients (185 for the active group and 122 for
the control group)[16].
2
χ test or Fisher’s exact test were used to compare the
distribution of categorical or absolute variables within the
studied groups. Parametric tests (Levene’s test, t test, oneand two-way analysis of variance and repeated-measure
ANOVA) were used to analyze continuous parameters.
Non-parametric tests, one-way analysis of variance
(Friedman’s test) and Wilcoxon test were applied to analyze
the same parameters in subgroups of patients in whom a
distribution normality of character being studied could not
be presumed[17].
K aplan Meier cur ves were used to estimate the
probability of a reduction in symptom score and of
complication development in the two groups of patients;
differences between the two branches were evaluated by
means of Log-rank test. Results were expressed as mean
± SD and a P value less than 0.05 was considered as
statistically significant. Data analysis was performed using
SPSS version 13.0.

RESULTS
Patients
Three-hundred and seven (307) patients were enrolled, 118
males and 189 females.
Table 1 shows demographic and clinical characteristics
www.wjgnet.com
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Table 1 Demographic and clinical characteristics of study
patients
Rifaximin plus fibers
(n =184)

(n =123)

Females
Age (yr)

68 (37.0%)

50 (40.7%)

116 (63.0%)

73 (59.3%)

63.6 ± 11.7

60.7 ± 12.5

1

NS

47 (25.5%)

26 (21.1%)

Colon-sigma

59 (32.1%)

38 (30.9%)

Sigma

73 (39.7%)

56 (45.5%)

5 (2.7%)

3 (2.4%)

Sigma-rectum

2

NS

3

NS

Lower abdominal pain

87.5%

90.2%

1

Bloating

85.9%

78.0%

1

Tenesmus

35.3%

29.3%

1

Diarrhoea

35.9%

32.5%

1

Abdominal tenderness

71.2%

69.1%

1

6.4 ± 2.8

6.2 ± 2.6

P

22.8 ± 17.8

NS

Leukocytes (mm3)

8128.1 ± 2377.7

7836.9 ± 2019.6

NS

Neutrophils (mm3)

68.3 ± 12.1

68.7 ± 9.6

NS

41.9 ± 5.3

42.2 ± 4.0

NS

Creatininemia (mg/dL)

0.97 ± 0.25

0.98 ± 0.19

NS

Blood nitrogen (mg/dL)

38.3 ± 12.7

36.5 ± 11.2

NS

139.4 ± 17.8

NS

Blood sodium (nmol/L)

Symptoms (%)

Symptoms score

Fibers

24.9 ± 17.7

Ht (%)

Site of diverticula
Left colon

NS
NS
NS

138.8 ± 4.9

Potassemia (nmol/L)

4.23 ± 0.46

4.15 ± 0.35

NS

AST (IU/L)

23.9 ± 17.2

21.8 ± 10.8

NS

ALT (IU/L)

25.0 ± 23.1

22.1 ± 14.1

NS

AP (IU/L)

151.7 ± 65.4

142.4 ± 65.6

NS

gGT (IU/L)

34.8 ± 33.4

33.7 ± 26.1

NS

Total proteins (g/dL)

6.85 ± 0.58

6.90 ± 0.42

NS

t-test for corrected for multiple comparison.

NS
NS

1

NS

1 2

2
3 2
χ test with continuity correction; t test; χ test.

Table 3 Symptom frequency (%) at baseline, after 12 and 24
mo of treatment
Rifaximin plus fibers

of the enrolled patients: no difference was found between
the two groups of patients in terms of gender, age and
colonic distribution of the disease as well as frequency
of abdominal symptoms and global symptom score.
Diagnosis of diverticular disease was performed by
colonoscopy in 46.2% of patients treated with Rifaximin
and in 53.7% of patients treated with fibers, and by barium
enema in 60.9% and 48.8% of patients, respectively
(P = NS). Again, no difference was present at baseline
between the two groups of treatment as far as biochemical
parameters are concerned (Table 2).
Fourty-eight (48) patients did not complete the study,
25 patients of the Rifaximin group and 23 patients of the
fibers group; 28 patients (17 of the Rifaximin group and
11 of the fibers group, P = NS, Fisher’s exact test) were
drop-outs: in the Rifaximin group 14 patients refused
to continue the study, 2 patients died for cardiovascular
disease and 1 patient for causes unrelated to diverticular
disease, while in the fibers group 10 patients refused to
continue the study and 1 patient underwent surgery for
gallstone disease. Side effects (mainly represented by
nausea, headache and weakness) occurred in 4 patients of
the Rifaximin group and in 3 patients of the fibers group
(P = NS). Frequency of complications was significantly
different (P = 0.041) between the two groups: in fact
complications occurred in 4 patients of the Rifaximin
group (2 cases of rectal bleeding, and 2 of diverticulitis)
and in 9 of the fiber group (4 cases of intestinal infections,
1 of rectal bleeding and 4 of diverticulitis).
T he effect of treatments on clinical signs and
symptoms is illustrated in Table 3: both treatments induced
a significant reduction in symptom frequency in all patients
after 12 mo. After 24 mo of treatment, Rifaximin was
able to further reduce symptoms as lower abdominal pain,
bloating, tenesmus and abdominal tenderness while no
difference was observed in patients treated with fibers alone

www.wjgnet.com

Number 2

Rifaximin plus fibers
ESR (mm/h)

Gender
Males

Volume 13

Table 2 Mean baseline values of biochemical parameters

P

Fibers

January 14, 2007

th

th

P

Fibers

0

12

24

0

th

at 24

Lower abdominal pain

87.5

17.2

12.9

90.2 28.8 19.2

0.051

Bloating

85.9

35.0

21.9

78.0 43.3 40.3 < 0.0021

Tenesmus

35.3

3.2

3.9

29.3

2.9

9.6 = 0.051

Diarrhoea

35.9

7.0

3.9

32.5

1.0

2.9 NS2

Abdominal tenderness

71.2

19.0

6.5

69.1 35.6 21.2 < 0.0011

Mo

th

12

24

th

1 2

2
χ test; Fisher’s Exact test.

between the results observed at the 12th and the 24th mo.
The effect of treatments on the symptomatic score
is shown in Figure 1: although both treatments were able
to significantly reduce the symptom score, this result was
differently reached: at baseline the symptom score was
similar, while at the end of the study period a significant
difference (P < 0.01) was present between the Rifaximin
treated group and the fiber group (1.0 ± 0.7 and 2.4 ± 1.7,
respectively).
The clinical effect of the two treatments evaluated
according to the Kaplan-Meier method is shown in Figure
2: the probability of symptom remission in symptomatic
patients was significantly higher (P < 0.0001) in the
Rifaximin group than in the control group. Although the
overall clinical efficacy of the two regimens is different, a
similar behaviour can be observed: the cumulative survival
progressively declined during the first 12 mo of treatment,
remaining constant during the following 12 mo. Rifaximin
treatment was also able to induce a lower frequency of
recurrence of symptoms: six (3.2%) Rifaximin treated
patients had a further episode of abdominal symptoms,
while in the fibers group the corresponding figure was
three (9.6%) patients (P < 0.03).
No significant alterations in biochemical tests were
observed in the two groups of patients (Table 4). The
probability of developing complications during the study
in the two groups of patients evaluated according to the
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Table 4 Mean value of biochemical parameters before and at the end of treatment period
P

Rifaximin plus fibers
Baseline
ESR (mm/h)

P

Fibers

at 24 mo

Baseline

at 24 mo

24.8 ± 18.2

15.2 ± 14.4

< 0.001

23.2 ± 18.6

17.8 ± 15.3

< 0.05

Leukocytes (mm3)

8330.3 ± 2554.4

6515.8 ± 1393.9

< 0.001

7944.9 ± 2091.4

6918.5 ± 1719.8

< 0.01

Neutrophils (mm3)

67.8 ± 12.3

62.0 ± 10.9

< 0.005

68.9 ± 9.9

65.5 ± 8.7

< 0.03

Creatininemia (mg/dL)

0.98 ± 0.25

0.96 ± 0.21

NS

0.98 ± 0.19

0.94 ± 0.17

NS

Blood nitrogen (mg/dL)

39.4 ± 13.0

37.7 ± 10.6

NS

37.1 ± 11.3

33.7 ± 9.9

< 0.05

< 0.05

139.2 ± 5.2

139.1 ± 6.5

Blood sodium (nmol/L)

138.8 ± 5.0

140.0 ± 5.1

NS

Potassemia (nmol/L)

4.22 ± 0.45

4.21 ± 0.46

NS

4.20 ± 0.37

4.18 ± 0.30

NS

AST (IU/L)

23.2 ± 15.1

21.3 ± 12.7

NS

22.5 ± 11.1

20.8 ± 10.5

NS

ALT (U/L)

23.9 ± 14.6

21.8 ± 11.6

NS

22.7 ± 14.4

19.1 ± 8.8

< 0.05

AP (U/L)

147.3 ± 63.2

164.3 ± 65.6

γGT (U/L)

33.0 ± 24.1

36.6 ± 24.3

Total proteins (g/dL)

6.85 ± 0.57

6.89 ± 0.58

< 0.05

140.6 ± 69.3

149.1 ± 62.4

NS

NS

35.4 ± 27.3

30.2 ± 18.4

NS

NS

6.90 ± 0.44

6.78 ± 0.89

NS

t test for paired data, corrected for multiple comparison.
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Figure 1 Changes in symptoms score after Rifaximin plus fiber supplementation
and fiber supplementation alone (mean ± SD). t test for independent samples
corrected for multiple comparison: aP < 0.05; bP < 0.01; dP < 0.001.

Kaplan-Meier method is illustrated in Figure 3: as observed
for symptoms, Rifaximin administration documented a
more favourable effect, being significantly lower (P < 0.028)
the probability of developing complications with respect
to fiber supplementation. Although with a different rate
of probability, both treatments induced a progressively
reduced frequency of complications during the whole
study period.

DISCUSSION
The present study suggest that the cyclic, long term
administration of the non-absorbable antibiotic
Rifaximin associated with dietary fiber supplementation
is more effective than dietary fiber supplementation
alone in reducing the clinical manifestations of patients
with symptomatic, uncomplicated diverticular disease.
Furthermore, Rifaximin treatment is more effective than
fiber administration influencing the clinical course of the
disease, since both probability of symptom recurrence and
development of disease complications are significantly
reduced.
Diverticular disease of the colon is common in
developed countries and its prevalence is correlated
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8
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14
t /mo

16

18
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22

24

Figure 2 Probability of symptom reduction in patients treated with Rifaximin plus
fibers or with fiber supplementation alone. Kaplan-Meier method: Test Log Rank: P
< 0.0001.

with advancing age[1-4]. Studies on the natural history of
the disease [3,5,9] have indicated that most patients with
colonic diverticula remain entirely asymptomatic for
their lifetime. Actually there are no definitive data to
support any therapeutic recommendation, or routine
follow-up regimen, for asymptomatic subjects, although
it is reasonable to recommend a life-style characterized
by regular physical activity and a diet high in fruit and
vegetable fibers[18]. According to available guidelines[7,8]
in symptomatic, but uncomplicated, diverticular disease
treatment is aimed at symptom-relief and at prevention
of complications (diverticulitis, hemorrage). Different
agents have been proposed, such as bulking agents,
antispasmodics, topical antibiotics, on the basis of
different potential pathophysiological mechanism/s, i.e.
abnormal colonic motility, inadequate intake of dietary
fibers, intestinal bacterial overgrowth and mucosal
inflammation[10,19-23].
The efficacy of fiber supplementation in the treatment
of symptomatic diverticular disease remains controversial,
although it is considered a mainstay for treatment[10]. The
efficacy of dietary fibers in reducing symptoms and in
improving intestinal function is probably related to its
ability to hold water, to increase luminal intestinal mass,
www.wjgnet.com
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to relax the intestinal wall and to lower the intraluminal
pressure[24,25].
Antibiotics are routinely used in the treatment of
inflammatory complications of diverticular disease. In
symptomatic, but uncomplicated diverticular disease, the
use of antibiotics seems without a rationale. However,
recent studies have sug gested the presence, at least
in a sub-group of patients, of an intestinal bacterial
overgrowth[21], a condition that may allow an excessive
production of bowel gas with secondary development of
abdominal pain, bloating and tenderness. Furthermore,
intestinal bacterial overgrowth may contribute to maintain
a chronic, low-grade mucosal inflammation, as suggested
in irritable bowel syndrome[26], which could be responsible
for symptom development[19].
Rifaximin has been tested in both uncontrolled[12,13]
and controlled[14,15] clinical studies to treat symptomatic,
uncomplicated diverticular disease, with encouraging
results.
T he mechanism by which Rifaximin improves
symptoms in uncomplicated diverticular disease is unclear.
It has been suggested a synergistic effect of Rifaximin and
high fiber diet in reducing proliferation of gut microflora,
with a consequent decrease in bacterial hydrogen and
methane production and/or in expanding faecal mass, due
to a decrease in bacterial degradation of fibers[15,27].
Furthermore, Rifaximin may improve symptoms and
lower the frequency of disease complications reducing
intestinal bacterial overgrowth[19,21]. Rifaximin may also
enhance faecal bulking and faecal weight, as shown
for other antibiotics [28], and decrease the intraluminal
colonic pressure, one of the pathogenetic mechanisms
for diverticula development [20]. Due to the therapeutic
uncertainties of both Rifaximin and fiber supplementation,
in the present study we decided to comparatively evaluate
these two agents. The results we obtained confirm and
extend to a longer period previous observations by Papi
et al[14] and Latella et al[15], who found that administration
for 12 mo of Rifaximin plus dietary fiber supplementation
was more effective in improving symptoms than dietary
fibre supplementation alone. The present study documents
that the efficacy of Rifaximin plus fiber supplementation is
not only maintained, but it is more evident after 24 mo of
treatment than fibers alone. According to the probability
curves, the beneficial clinical effect of Rifaximin treatment
is more pronounced during the first 12 mo, but it may
last up to 24 mo. This observation is important, since
it suggests a positive effect of Rifaximin treatment on
the natural history of diverticular disease. Up to now, no
definitive data are available regarding the way to prevent
the development/maintenance of disease symptoms
and complications. As far as the last point is concerned,
the present study indicates that Rifaximin treatment
significantly reduces the probability of complication
development and that this effect is constant during the
whole study period.
In conclusion the present study documents that in
patients with symptomatic, uncomplicated diverticular
disease, cyclic administration of Rifaximin plus fiber
supplementation is more effective in reducing symptom
persistence/recurrence and complication development
www.wjgnet.com
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Figure 3 Probability of complication development in patients treated with Rifaximin
plus fibers or with fibers supplementation alone. Kaplan-Meier method. Test Log
Rank: P = 0.028.

than dietary fiber alone. Cyclic, long term administration
of this non-absorbable antibiotic is safe and well tolerated
by the patients, confirming the clinical usefulness of
this therapeutic strategy in the overall management of
diverticular disease. Further studies are needed to better
identify the mechanism/s of action of both Rifaximin and
of its association with dietary fibers.
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Abstract
AIM: To investigate the proximal gastric motor response
to duodenal nutrients in critically ill patients with longstanding type 2 diabetes mellitus.
METHODS: Proximal gastric motility was assessed (using
a barostat) in 10 critically ill patients with type 2 diabetes
mellitus (59 ± 3 years) during two 60-min duodenal
infusions of Ensure (1 and 2 kcal/min), in random order,
separated by 2 h fasting. Data were compared with 15
non-diabetic critically ill patients (48 ± 5 years) and 10
healthy volunteers (28 ± 3 years).
RESULTS: Baseline proximal gastric volumes were
similar between the three groups. In diabetic patients,
proximal gastric relaxation during 1 kcal/min nutrient
infusion was similar to non-diabetic patients and
healthy controls. In contrast, relaxation during 2 kcal/
min infusion was initially reduced in diabetic patients
(P < 0.05) but increased to a level similar to healthy
humans, unlike non-diabetic patients where relaxation
was impaired throughout the infusion. Duodenal nutrient
stimulation reduced the fundic wave frequency in a
dose-dependent fashion in both the critically ill diabetic
patients and healthy subjects, but not in critically ill
patients without diabetes. Fundic wave frequency in
diabetic patients and healthy subjects was greater than
in non-diabetic patients.
CONCLUSION: In patients with diabetes mellitus,
proximal gastric motility is less disturbed than nondiabetic patients during critical illness, suggesting that
these patients may not be at greater risk of delayed
gastric emptying.
© 2007 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
In the community, approximately 50% of patients with
type 1 or 2 diabetes mellitus (DM) have gastroparesis[1].
Although gastric emptying of either a solid or semi-solid
meal is consistently slow in these patients, gastric emptying
of liquid meals is variable[1-4]. The aetiology of slow gastric emptying and the variable rate of liquid emptying are
unclear, but may be related to hyperglycemia or autonomic
neuropathy[1,5-7], factors that result in motor dysfunction of
both the proximal and distal stomach[1,7,8].
Delayed gastric emptying is also common in critically
ill patients[9-11] and is associated with disturbed motility of
both the proximal and distal stomach[10,12,13]. In health, the
proximal stomach is a major determinant of liquid gastric emptying and is regulated by feedback from the small
intestine. In health, the fundus relaxes in response to the
presence of nutrient in the duodenum[14]. Critically ill patients without DM have been reported to have impaired
proximal gastric relaxation, reduced fundic wave activity
and a failed recovery of proximal gastric volume to prestimulation level[12]. Currently, there are no data on the impact of DM on gastric motor function or emptying during
critical illness, despite the fact that one-third of patients
admitted to critical care units have DM[15]. Given that both
DM and critical illness are risk factors for disturbed gastric
motility, we hypothesized that critically ill patients with
DM would have abnormal proximal gastric motor activity
during fasting and in response to duodenal nutrient infusion, compared to non-diabetic critically ill patients and
healthy humans.

MATERIALS AND METHODS
Subjects
Studies were performed in 25 sedated and mechanically
ventilated critically ill patients, who were admitted to a
level-3 mixed intensive care unit between January and September 2004. All patients required enteral nutrition. Ten
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patients had documented type 2 DM with a mean duration of 7.9 ± 1.8 years. Seven of the diabetic patients had
required insulin therapy prior to ICU admission. Formal
testing for the presence of autonomic neuropathy was not
performed. Fifteen critically ill patients without diabetes
mellitus served as patient controls. Exclusion criteria for all
patients were (1) recent major abdominal surgery, (2) any
contra-indication to passage of an enteral tube, (3) administration of opioid analgesia, benzodiazepines or prokinetic
therapy within the previous 24 h, and (4) previous gastric,
oesophageal or intestinal surgery. All patients received an
insulin infusion for blood glucose control according to a
standardized protocol that started on admission and aimed
to maintain blood glucose concentrations between 5.0 and
7.9 mmol/L. Data from both patient groups were compared to 10 healthy volunteers, who had no history of systemic or gastrointestinal disease and were not taking any
medication. Healthy volunteers were instructed to refrain
from smoking for 24 h prior to the study.
Written informed consent was obtained from healthy
subjects and the next of kin of patients prior to enrolment
into the study. The protocol was approved by the Human
Research Ethics Committee of the Royal Adelaide
Hospital.
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Blood glucose concentrations
Marked hyperglycaemia may alter small intestinal feedback
and adversely affect gastric motility[5-7]. Blood glucose concentrations were measured using a portable glucometer
(Precision Plus, Abbott Laboratories, Bedford, USA) immediately before and every 20 min during nutrient infusion.

denal feeding tube (Flexiflo, Abbott, Ireland) was inserted
into the duodenum over a guidewire (THSF-35-260, Cook,
Australia). The barostat catheter was then guided through
the mouth into the stomach by the endoscope. The barostat bag was inflated with 400 mL of air and gently retracted into the fundus under direct vision. Gastric contents (air
and fluid) were aspirated completely prior to withdrawal of
the endoscope. Correct placement of the feeding tube was
confirmed by measurement of the duodenal trans-mucosal
potential difference (TMPD)[16] and subsequently by radiography[13].
In healthy subjects, the barostat assembly and feeding
tube were swallowed and allowed to pass into the correct position spontaneously, without the assistance of
endoscopy. Duodenal nutrient infusion was achieved by
inserting a silicon-rubber catheter (Dentsleeve, Adelaide,
Australia) with a central feeding lumen and lead-weighted
tip into the stomach. The tube passed spontaneously into
the duodenum using phase 2 and 3 of the migrating motor
complex. Movement of the catheter into the correct position was monitored continuously by measurement of the
antro-duodenal TMPD gradient[16]. Radiological confirmation was not performed in healthy subjects. The barostat
catheter was then inserted to a depth of 55 cm, the bag
inflated with 400 mL of air and the assembly pulled back
until resistance was felt[17].
Following confirmation that both assemblies were
positioned correctly, air in the barostat bag was aspirated
manually and the catheter was connected to the barostat
pump. The minimum distending pressure (MDP), defined
as the first pressure level that provided an intragastric bag
volume of more than 30 mL, was determined[17]. The intrabag pressure for the study was set at MDP + 2 mmHg[17].
All studies began with a 15-min baseline recording, during
which normal saline (0.9% NaCl) was infused into the duodenum at a rate of 240 mL/h (baseline 1). Each subject
then received two 60 minute duodenal infusions of Ensure® (Abbott Laboratories, Ohio, USA; nutrient content:
13% protein, 64% carbohydrate, 21% fat; energy density:
1 kcal/mL) at 1 and 2 kcal/min, in a randomised order.
Ensure® was diluted with normal saline to 1:4 for the 1
kcal/min infusion and to 1:2 for 2 kcal/min infusion, and
infused at a rate of 240 mL/h. The nutrient infusions were
separated by a 2 h ‘washout period’, consisting of 90 min
of no infusion, followed by 30 min of intraduodenal saline
infusion (baseline 2). Blood samples for the measurement
of blood glucose concentration were collected at baseline
and every 20 min during nutrient infusion. Barostat recordings were performed continuously over 4 h. The study
protocol is outlined in Figure 1.

Protocol
All subjects were studied after at least 6 h fasting and in
a 30 degree recumbent position. To standardise the sedative regimen in patients, propofol alone was used, and
opioids, benzodiazepines or prokinetic agents were not
administered for 24 h prior to and during the study. In patients, placement of both the barostat catheter and postpyloric feeding tube were performed at the bedside with
endoscopic assistance, without additional sedation to that
required for ventilation. A 12 French × 114 cm naso-duo-

Data analysis
Intra-bag volumes were determined at 2-min intervals
and the mean baseline volume was measured over 10 min
before each infusion. Changes in intra-bag volume during
nutrient infusion were calculated as the difference between
the actual volume and the mean baseline volume. The serial changes in bag volume during the infusions were plotted
and compared. Proximal gastric relaxation was indirectly
inferred by an increase in bag volume[17]. The time course
for the proximal stomach to return to baseline volume af-

Measurement of proximal gastric motility
Proximal gastric motility was measured using an electronic
gastric barostat[16] (Distender Series Ⅱ; G&J Electronics,
Ontario, Canada). A thin flaccid-walled bag with a maximum capacity of 1000 mL was attached to the distal end
of the assembly, which was connected to the system via
pressure and volume ports. Changes in proximal gastric
volume were measured indirectly by changes in the volume
of the polyethylene bag.
Data were stored onto a Powermac 7100 computer
(Apple Computer, Cupertino, CA), using custom-written
data-acquisition software (Labview: National Instruments,
Austin, TX). This software was also used to program the
barostat to perform distensions in stepwise increments.
Recorded data were imported into a display and analysis
program (Acqknowledge, Biopac System, Goleta, CA) for
manual analysis.
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Barostat Recording
Fasting (6 h) Baseline 1 Nutrient infusion 1
(1 or 2 kcal)

↑

15 min

60 min

Wash-out period
(no infusion)
90 min

60 min

Diabetic ICU
patients
(n = 10)

Placement of assemblies
MDP determination
Study pressure (MDP + 2 mmHg)

Figure 1 Schematic outline of study protocol.

ter nutrient stimulation was assessed by analysis of the 2  h
“no-infusion” period; and was defined as the time taken
for the relaxed fundus to return to pre-stimulation level
for > 5 min. Assessment of fundic slow volume waves
(FW) was also performed. These were defined as changes
in proximal gastric volume of greater than 30 mL that
reverted in less than 2 min to a volume within 50% of the
previous level[17]. The number and amplitude of FWs (per
10 min) was determined during fasting and in response to
duodenal nutrient infusion.

Oral intubation of the assembly was tolerated well by all
subjects and no complications occurred in any group.
Demographic characteristics of the study groups are
summarized in Table 1. The MDP was higher in both
patient groups compared to healthy subjects (P < 0.05),
but was similar between diabetic and non-diabetic patients
(Table 2). Baseline proximal gastric volumes were similar
between the three groups.
Proximal gastric volume response to duodenal nutrients
In response to duodenal nutrients, healthy volunteers
demonstrated a “biphasic” proximal gastric volume
response. Following an initial rapid relaxation, the fundus
partially contracted and then exhibited a sustained
relaxation throughout the remainder of the infusion
(Figure  2). In non-diabetic critically ill patients, there was
an overall impairment of both the initial and later phase of
the response. In diabetic patients, however, there was an
absence of the initial response in the first 20 min during
both 1 and 2 kcal/min infusions. Thereafter, the proximal
gastric volume increased to the level observed in healthy
volunteers.
During the 1 kcal/min infusion there was no difference
in the proximal gastric volume response between diabetic
critically ill patients and the other two groups. However,
during the first 20 min of the 2 kcal/min infusion, the
www.wjgnet.com

Number 2

Non-diabetic
ICU patients
(n = 15)

Healthy
subjects
(n = 10)

Age (yr)

59 ± 3a

48 ± 5a

28 ± 3

Gender (M:F)

5:5

12:3

7:3

BMI (kg/m2)

35 ± 3c

27 ± 1

25 ± 1

APACHE II score
On admission
On study day
Diagnoses

28.6 ± 1.5
24.7 ± 1.5
Sepsis (3)
Pneumonia (3)
Severe asthma (1)
MVA (1)
Angioedema (1)
Sub-arachnoid
haemorrhage (1)

23.2 ± 0.8
N/A
21.1 ± 1.3
Sepsis (3)
N/A
Pancreatitis (2)
Head trauma (2)
MVA (3)
Cardiac failure (2)
Burn (1)
Lung abscess (1)
Meningitis (1)

MVA: Motor Vehicle Accident. aP < 0.05 vs healthy subjects; cP < 0.05 vs
healthy subjects and non-diabetic critically ill patients.

Statistical analysis
Data are expressed as mean ± SE. Differences in
demographic characteristics, baseline volumes, MDP, FW
frequency, peak volume response and the time required
for the proximal stomach to return to baseline volume,
were compared between the three groups using Student's
unpaired t-test. ANOVA was used to compare the proximal
gastric volume, fundic wave and blood glucose responses
to nutrient infusion between the groups, with time and
treatment as the factors. A P value < 0.05 was considered
statistically significant.

RESULTS

Volume 13

Table 1 Demographic characteristics of the critically ill patients
and healthy subjects

Baseline 2 Nutrient infusion 2
(2 or 1 kcal)
30 min

January 14, 2007

Table 2 Comparison of proximal gastric motor activity between
critically ill patients and healthy subjects
Diabetic ICU
patients
(n = 10)

Non-diabetic
ICU patients
(n = 15)

MDP (mmHg)

11.9 ± 1.0 a

11.3 ± 1.2 a

7.1 ± 0.6

Baseline intra-gastric
volume (mL)

187 ± 43

197 ± 22

182 ± 19

Time to recovery of
baseline volume following
infusion (min)

41 ± 15 a

83 ± 11 c

Healthy
subjects
(n = 10)

15 ± 4

a

P < 0.05 vs healthy subjects; cP < 0.05 vs diabetic patients and healthy
subjects.

proximal gastric volume was significantly smaller in
diabetic critically ill patients than in non-diabetic critically
ill patients and healthy subjects. Thereafter, the proximal
gastric volume of diabetic patients was greater than that
of non-diabetic patients and similar to healthy subjects
(Figure  2).
Recovery of proximal gastric volume after nutrient
stimulation
The proximal gastric volume returned to baseline level
within 60 min following cessation of nutrient stimulation
in all diabetic patients and healthy subjects, but in only 2
of the 15 non-diabetic patients. In diabetic patients, the
time taken for the proximal gastric volume to return to
baseline level was significantly shorter than in non-diabetic
patients and longer than healthy subjects (Table 2).
Fundic volume wave frequency
At baseline, the mean frequency of FWs in diabetic
patients (10.2 ± 1.7 waves/10 min) was similar to that of
healthy subjects (11.8 ± 0.9 waves/10 min; P = 0.38), but
was higher than non-diabetic patients (7.0 ± 0.8 waves/10
min; P < 0.05; Figure 3).

Change in proximal gastric volume (mL)
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1 kcal/min

300

2 kcal/min

250

Diabetic, ICU pts
Non-diabetic, ICU pts
Healthy subjects

c
a

200
150

NS between groups

100

Figure 2 Changes in proximal gastric
volume during duodenal nutrient stimulation (1 and 2 kcal/min) in critically
ill patients and healthy subjects. aP
< 0.05, ICU patients vs healthy subjects during 0-30 min; cP < 0.05, nonDM patients vs diabetic patients and
healthy subjects during 30- 60 min.
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Figure 3 Frequency of fundic slow
wave contractions at baseline and
during duodenal nutrient infusion
(1 and 2 kcal/min) in critically ill
patients and healthy subjects. aP <
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healthy subjects and diabetic patients during 1 kcal infusion; eP < 0.05
vs healthy subjects during 2 kcal
infusion.
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The impact of duodenal nutrient stimulation on the
frequency of FWs in diabetic patients was similar to
that of healthy subjects but differed from non-diabetic
patients (Figure 3). Nutrient stimulation with 1 kcal/min
infusion did not reduce the mean frequency of FWs
in either diabetic patients (9.0 ± 2.0 waves/10 min) or
healthy subjects (9.9 ± 1.0 waves/10 min), in contrast
to non-diabetic patients (4.4 ± 0.9 waves/10 min; P <
0.05). However, in all 3 groups the 2 kcal/min nutrient
infusion significantly reduced the mean frequency of FWs
compared to baseline (diabetic: 3.9 ± 1.1 waves/10 min,
P < 0.05; healthy: 7.6 ± 0.8 waves/10 min, P < 0.001;
non-diabetic: 4.2 ± 0.9 waves/10 min, P < 0.05). The
magnitude of reduction in FW frequency during 2 kcal/
min was greatest in diabetic patients (-6.6 ± 1.7 waves/10
min), compared to healthy subjects (-4.0 ± 0.7 waves/10
min, P < 0.05) and non-diabetic patients (-1.9 ± 0.6, P <
0.001; Figure 3).
Overall, the frequency of FWs in diabetic patients
during 1 kcal/min infusion was similar to that of healthy
subjects, but was higher than non-diabetic patients. In
contrast, due to the greater magnitude of reduction in FW
frequency by a higher nutrient load, fundic wave activity
during 2 kcal/min infusion in diabetic patients was similar
to that of non-diabetic patients, but less than that of
healthy subjects (Figure 3).
Blood glucose concentrations
Overall, both fasting and nutrient-stimulated blood glucose

40

60

concentrations were higher in critically ill patients than
in healthy subjects (Figure 4). There were no significant
differences in blood glucose concentrations between
diabetic and non-diabetic patients, reflecting the use of an
insulin infusion protocol in all patients.

DISCUSSION
This is the first study to examine proximal gastric motor
activity in critically ill patients with type 2 diabetes mellitus.
The results show that the response to intestinal nutrient
feedback is characterized by an initial absence of proximal
gastric relaxation, after which the volume increased to a
level similar to that seen in healthy volunteers. Furthermore, the delayed volume response was associated with a
nutrient load-dependent reduction in fundic wave activity
and a slightly impaired recovery of the proximal gastric
volume to baseline level. This is in contrast to non-diabetic
critically ill patients, who demonstrated a sustained impairment of proximal gastric relaxation, a reduction in fundic
wave activity even during 1 kcal/min infusion and a failure
of the fundus to recover to baseline volume. These findings support a recent retrospective study, which suggested
that type 2 diabetes mellitus may not be a risk factor for
delayed gastric emptying in critical illness[18].
A notable feature of the proximal gastric response to
nutrient stimulation in diabetic patients was the complete
absence of proximal gastric relaxation during the first 20
min of nutrient infusion, however the reason for this rewww.wjgnet.com
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sponse remains unclear. In health, gastro-enteric feedback
is regulated by neuro-hormonal pathways[14,16-19], and proximal gastric tone is modulated by a balance between the excitatory cholinergic nerves and the inhibitory nitrergic neural inputs from the vagus[20]. As autonomic dysfunction is
common in patients with diabetic autonomic neuropathy[8]
and during critical illness[21] the greater degree of impaired
relaxation in our diabetic patients may relate to an adverse
‘additive-effect’ of both factors on the autonomic nervous
system[20-22]. Formal testing for autonomic neuropathy was
not performed in the current study as this was not feasible
in the acute critical care setting. A prevalence of autonomic neuropathy of more than 50% would be expected,
based on a previous study in diabetic patients with a similar mean duration of disease[23]. Furthermore, disturbances
in the metabolism of nitric oxide, a key transmitter in the
regulation of gastrointestinal motor function, may also be
important[22]. Impaired proximal gastric relaxation is associated with altered levels of nitric oxide[1,8], and has been
reported in both patients with diabetes mellitus[1] and critical illness[24]. Whilst increased cytokine production[25] and
drug usage[26] can also contribute to impaired relaxation,
the impact of these factors are likely to be similar between
diabetic and non-DM critically ill patients and probably do
not account for the differences in gastric motility seen between the groups.
Following the initial impairment of relaxation, the
proximal gastric volume in diabetic critically ill patients
increased to a level comparable to that of healthy subjects.
This finding has not been previously reported in either patients with critical illness or diabetes mellitus alone. In the
later, proximal gastric motor responses to gastric but not
duodenal nutrients have been evaluated and further studies
to assess this may provide useful information. The mechanisms underlying this normalization of proximal gastric
motility are unknown. Despite the use of a standardized
insulin protocol in all patients during the study, a small
degree of hyperglycaemia occurred in diabetic patients
during the latter half of the 2 kcal/min infusion (Figure 4).
Although hyperglycaemia has been shown to induce proximal gastric relaxation[7], the absolute increase in blood glucose level was small and therefore unlikely to have contributed significantly to the subsequent response. The diabetic
patients had a higher BMI than the healthy volunteers,
however no differences in either proximal gastric volume
www.wjgnet.com
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or compliance have been reported between obese and lean
subjects[27,28]. Thus, a higher BMI in diabetic patients seems
unlikely to have contributed to the differences in proximal
gastric motility. Opiate drugs such as morphine were excluded 24 h prior to the study, hence are unlikely to explain
our findings[29].
To standardize the nutrient stimulation and enable a reliable assessment of the entero-gastric feedback response,
feeds were delivered directly into the duodenum at a rate
consistent with normal gastric emptying. Intra-gastric
delivery of nutrients was not used in the current study
because gastric emptying is frequently impaired in the
critically ill. Furthermore, both gastric motility and emptying of a liquid meal may be altered by the presence of a
barostat balloon[30]. In addition, intra-duodenal nutrient
stimulation with 1 and 2 kcal/min nutrient loads enabled
examination of the dose-dependency of the proximal gastric motor response[16,17,19].
Previous studies in critically ill patients have suggested
enhanced entero-gastric feedback in response to duodenal
nutrient stimulation[12]. In contrast to the non-diabetic patients, diabetic critically ill patients had a dose-dependent
reduction in fundic wave activity, similar to the healthy
subjects. The different responses in fundic wave activity
during the 1 and 2 kcal/min nutrient loads between the diabetic and non-diabetic patients suggest that entero-gastric
feedback is not increased in diabetic patients. Furthermore,
apart from an initial delay in relaxation, the overall proximal gastric motor responses to nutrients in diabetic critically ill patients were similar to those of healthy subjects.
As the proximal stomach is a major determinant of liquid
gastric emptying[16,17,19], these findings may explain the relatively normal gastric emptying observed in this group of
patients[14].
Whether differences in the ‘accommodative’ response
to nutrients between the two patient groups affect their
ability to tolerate bolus or continuous gastric feeds remains
to be determined and requires further study. It is conceivable that slow continuous feeds may be better tolerated in
non-diabetic critically ill patients as proximal gastric relaxation is small and slow during nutrient stimulation[9,11]. In
contrast, the relatively normal ‘biphasic’ proximal gastric
response in the diabetic critically ill patients may allow better tolerance to bolus gastric feeds.
In conclusion, proximal gastric motor responses to
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duodenal nutrient are relatively normal in type 2 diabetic
patients during critical illness. These motor findings support data which suggests these patients may have normal
gastric emptying[18] and may be less prone to developing
naso-gastric feed intolerance than non-diabetic, critically ill
patients.
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Abstract
AIM: To d e t e r m i n e t h e r o l e o f c i p r o f l o x a c i n i n
reducing cholangitis in cholestatic patients with
adequate biliary drainage after endoscopic retrograde
cholangiopancreatography (ERCP).
METHODS: A ra n d o m i z e d , c o n t r o l l e d t r i a l w a s
performed in 48 cholestatic patients at Rajavithi Hospital
(Tertiary Referral Center for ERCP: 600 cases per
year). All the 48 patients received 200 mg ciprofloxacin
intravenous injection for 30 min before starting any
procedures, and then were randomly divided in two
groups. Twenty-two patients in study group continually
received ciprofloxacin until 48 h after ERCP. Causes of
biliary obstruction, bacteriology of bile and blood (in
cholangitis) and clinical cholangitis were recorded.
RESULTS: Forty-eight patients were enrolled and
divided into continuous ciprofloxacin treatment group (n
= 22) and discontinuous ciprofloxacin treatment group
(n = 26). During ERCP, stones were found in 22 patients,
malignant diseases in 24 patients and other pathologic
lesions in 5 patients. One (4.5%) of the 22 patients who
received ciprofloxacin and 2 (6.3%) of the 26 patients
who discontinued ciprofloxacin after ERCP developed
cholangitis (relative risk = 0.71; 95% CI = 0.14-3.65;
P = 0.88). Bacterobilia was found in 27 (56.3%) out of
48 patients. E. coli and Streptococcus viridans were the
most common organisms.
CONCLUSION: Continual use of ciprofloxacin in
patients with cholestasis after adequate biliary drainage
procedures plays no role in reducing cholangitis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP)
is widely used in diagnosis and treatment of biliary and
pancreatic diseases[1,2]. Acute cholangitis and septicemia
remain serious complications related to this technique[3].
The incidence of cholangitis is 0.8%-19%, and its mortality
rate is 10%[4].
The role of prophylactic antibiotics after ERCP has
been recently assessed in several placebo-controlled
randomized trials[5-9]. This procedure plays an essential
part in high risk patients with prosthetic valve and history
of endocarditis, obstructed bile duct, pancreatic cystic
lesion and inadequate common bile duct drainage [3,10].
To date, no antibiotic regimen has emerged. Most of
the bacterial florae in bile of patients with cholangitis
and asymptomatic bacterobilia are Gram-negative
organisms such as E. coli, Klebsella spp. and Gram-positive
organisms such as Enterococcus fecalis[5-6,11-13]. The choice of
an antibiotic regimen should be able to cover the Gramnegative bacteria and effectively penetrates the obstructed
biliary tree. Ciprofloxacin attains a concentration in bile of
approximately 20% of the mean peak level in serum, even
in an obstructed biliary system. This drug level is still 10
times higher than MIC of the Gram-negative bacteria and
is the most effective antibiotic against the Gram-negative
bacteria, as indicated in the standard guidelines[3,5,7,10,12-13].
Ciprofloxacin is highly effective against cholestasis.
However, no previous clinical study has reported the role
of continuous use of ciprofloxacin in cholestatic patients
after ERCP. Although many professional gastrointestinal
societies recommend prophylactic use of antibiotics in
the treatment of obstructive jaundice patients after ERCP,
no guideline has been established after adequate biliary
drainage.
The aim of this study was to evaluate the effect of
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ciprofloxacin in reducing the incidence of cholangitis after
adequate endoscopic biliary drainage.
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MATERIALS AND METHODS
Subjects
This study was a randomized, controlled trial approved by
the Ethics Committee of Rajavithi Hospital. Cholestatic
patients in Rajavithi Hospital (Tertiary Referral Center
for ERCP), Bangkok, Thailand, admitted between June
2005 and May 2006 were included in this study. Inclusion
criteria included age of 18 years or older, cholestasis (at
least two from 4 criteria of total bilirubin > 2 mg/dL,
serum alkaline phosphatase more than twice of normal
value, alanine transaminase > 40 mmol/L and ultrasound
or CT-scan showing dilated bile duct). All the patients
underwent ERCP and gave their written informed consent
to participate in the study. Patients were excluded from
the study if they refused to participate in the study, or had
endocarditis or vulvular heart disease, history of allergy
to fluoroquinolone group, cholangitis or sepsis, use of
antibiotics within 7 d before ERCP.
Methods
All cholestatic patients received 200 mg ciprofloxacin
intravenous injection about 30 min before ERCP. Bile was
aspirated before contrast medium was injected and sent to
cultivation. Those who did not have biliary drainage after
ERCP were excluded from this study, and ciprofloxacin
was given until infection subsided. All patients who had
adequate biliary drainage (defined as total relief of bile
duct obstruction by stone extraction, sphincterotomy
or stent replacement), were randomly divided into two
groups: continuous ciprofloxacin treatment group and
discontinuous ciprofloxacin treatment group. Ciprofloxacin
(200 mg) intravenous injection every 12 h was given to
the continuous ciprofloxacin treatment group for 48 h
after ERCP, and discontinued if no infection signs and
symptoms were found. The discontinuous ciprofloxacin
treatment group was not given any ciprofloxacin after an
adequate biliary drainage. If cholangitis occurred in any
group, 200 mg ciprofloxacin intravenous injection every
12 h or other proper antibiotics (following blood or bile
culture and sensitivity) were given until the infection
subsided (no fever and WBC < 10 × 109/m³) (Figure 1).
Vital signs were monitored every 8 h, liver function test
and CBC count were performed once a day. Hemoculture
was done if body temperature was above 38℃. Monitoring
was continued until the doctor decided to discontinue it
based on the following criteria, including stable vital signs,
body temperature below 38℃, improvement in cholestasis
and jaundice, and absence of abdominal pain.
ERCP was performed in all patients by the same
endoscopist (Dr. Thawee Ratanachu-ek) under TJF-160
endoscope. After successful cannulation of the common
bile duct, bile samples were obtained for bacteriological
culture, and the definitive treatment for obstruction was
performed. After each endoscopic procedure, endoscopes
were manually washed by trained nurses according to the
manufacturer’s instructions.

ERCP
Fail adequate drainage

Adequate drainage

Exclude from study

Include in study
4 by 4 random sampling
Antibiotic

Non antibiotic
Admit 48 h

Cholangitis
Proper antibiotic treatment
Until infection subside

Non cholangitis
Discharge

Figure 1 Flow chart of cholestasis management.

Statistical analysis
All statiscal analyses were performed using the Yates’
modified chi-square test and Student’s t test, and expressed
as mean ± SD.

RESULTS
During June 2005 and May 2006, 48 patients after ERCP
were enrolled in the study. All the patients received
prophylactic ciprofloxacin, and divided into two groups:
continuous ciprofloxacin treatment group (n = 22) and
discontinuous ciprofloxacin treatment group (n = 26). The
clinical characteristics and demographics in both groups
were similar (Table 1). Stones were the most common
cause of cholestasis in both groups. Diagnosis and
intervention during ERCP are presented in Table 1.
Cholangitis was found in one (4.5%) out of 22
patients in the continuous ciprofloxacin treatment group
and 2 (7.7%) out of 26 patients in the discontinuous
ciprofloxacin treatment group. No sepsis and death
occurred in this study.
The incidence of cholangitis was also similar in
ciprofloxacin-treated patients after ERCP and controls
(the relative risk = 0.71, 95% CI = 0.14 to 3.65). The
total incidence of bacterobilia was 56.3% (27/48). The
incidence of bacterobilia was 59.1% (13/22) in the
continuous ciprofloxacin treatment group and 53.8%
(14/26) in the control group (relative risk = 1.12, 95% CI
= 0.60 to 2.11) (Table 2).
Gram-negative organisms were the most commonly
found in the bile cultures. The bacteriology of bile cultures
from both groups is illustrated in Table 3.
Three (11.1%) out of 27 patients with bacterobilia
who developed cholangitis were found to have Gramnegative organisms in their blood culture. One female
patient in the continuous ciprofloxacin treatment group
had hepatocellular cancer, and a stent was inserted to
the right anterior segment of the liver. She was febrile
on the second day after ERCP, indicating that she had
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Table 1 Clinical characteristics of 48 patients undergoing ERCP

Table 3 Bacterial species in cultures of bile from 48 patients

Characteristic

Bacterial culture

Sex (M:F)
Age (mean ± SD yr)
Causes
Bile duct stone
Cancer
Cholangiocarcinoma
Periampullary cancer
Hepatocellular cancer
Others
Bile duct stricture
Pseudocyst
Choledochal cyst
Chronicpancreatitis
Interventions
Stone extraction
Sphincterotomy
Stent placement

Ciprofloxacin
(n = 22)
n
%

None-ciprofloxacin
(n = 26)
n
%

13:9
59.1:40.9
58.68 ± 13.7

11:15
42.3:57.7
61.08 ± 11.9

7
13
6
6
1
2
1
1
0
0

31.8
59.1
27.3
27.3
4.5
9.1
4.5
4.5
0
0

15
11
6
5
0
3
1
0
1
1

57.7
42.3
23.1
19.2
0
11.54
3.8
0
3.8
3.8

5
13
16

22.7
59.1
72.7

13
14
14

50
53.8
53.8

Antibiotic (22)
n (%)

Negative

9 (40.9)

12 (46.2)

0.72

Positive

13 (59.1)

14 (53.8)

0.72

E. coli

4 (30.8)

3 (21.4)

0.81

Klebsella spp.

2 (15.4)

2 (14.3)

0.73

Pseudomonas spp.

2 (15.4)

1 (7.1)

0.88

3 (13.6)

9 (34.6)

0.09

Streptococcus viridans

3

4 (28.6)

Streptococcus bovis

0

1 (7.1)

Enterococcus fecalis

0

3 (21.4)

Staphylococcus spp.

0

1 (7.1)

1 (7.7)

0

Gram negative

Gram positive

Non C. albican

Table 4 Bile and hemoculture in three cholangitis patients
Group

Table 2 Incidence of cholangitis and bacteremia in two study
groups
Complication

Ciprofloxacin post-ERCP
Yes (n = 22) No (n = 26)

Relative risk

95% CI

Cholangitis

1 (4.5%)

2 (7.7%)

0.71

0.14-3.65

Bacteremia

13 (59.1%)

14 (53.8%)

1.12

0.60-2.11

leukocytosis (WBC count was 10.8 × 109/m³). She received
2 g ceftriazone intravenous injection daily for 11 d until
infection subsided.
Two patients developed cholangitis in the discontinuous
ciprofloxacin treatment group. Both received proper
antibiotics until infection subsided. The results of bile
cultures and hemocultures are shown in Table 4.

DISCUSSION
Bacteremia and cholangitis are the important complications
of ERCP, and their incidence varies from 0.8%-19%[4]. It is
known that prophylactic antibiotic treatment before ERCP
plays a crucial role in the treatment of high risk patients
with bile duct obstruction, pancreatic pseudocyst and
inadequate cholestatic drainage[3,10-11]. However, the efficacy
of such extensive use of antibiotics after ERCP has not
been previously demonstrated, thus leading to the design
of our study.
All the patients had mild or moderate cholangitis. This
might be due to a benefit of the routine use of prophylactic
ciprofloxacin in cholestatic patients before ERCP.
Loperfido et al[14] found that small center, jaundice and male
sex were risk factors for developing cholangitis after ERCP.
We had only one male patient out of 3 cholangitis patients
who had obstructive jaundice in our hospital (Tertiary
Referral Center for ERCP: 600 cases per year).
In our study, cholangitis incidence after ERCP was
lower than that in previous studies[8,9,15]. This might be
attributed to the low natural incidence of the disease[4],
www.wjgnet.com

P

No antibiotic (26)
n (%)

Bacteriology
Bile culture

Hemoculture

Streptococcus-viridans

Negative

First patient

E. coli

Negative

Second patient

Pseudomonas spp.

Negative

Antibiotic group
No antibiotic group

standard sterile technique used in our hospital, and all
procedures done by the same endoscopist, and our
technique in collecting the bile before injecting contrast
media. All these suggest that bacteriologic study and
release of biliary tract pressure can reduce the incidence
of pressure-induced sepsis.
E. coli, Streptococcus viridans and Klebsiella spp. are the
most frequently isolated organisms from bile. Rung R et
al[13] have found a similar incidence of bacterobilia (56.3%).
Ciprofloxacin was chosen in our study because of its
efficacy against most Gram-negative organisms (E. coli
and Klebsiella spp.) which are the pathogens most frequently
found in biliary tract infection[5-6,12-13,16-17] and its penetration
into the obstructive biliary tree[6].
We found 12 Gram-positive bacteria in bile cultures
(Streptococcus viridans and Enterococcus spp.) of the 27
bacterobilia specimens (56.3%), which is consistent with
previous studies on bacteriology of bile in patients with
obstructive jaundice, showing that Streptococcus viridans
and Enterococcus spp. are the most common Gram-positive
bacteria in bile cultures[18-23]. Clark et al[24] have found the
same results and recommended ampicillin/sulbactam for
all biliary obstructions with positive bile Enterococci. We
conclude that once Gram positive bacteria are detected,
perioperative use of appropriate antibiotics is mandatory
to reduce postoperative septic complications.
The results of our trial showed no difference in the
incidences of cholangitis between the two groups (4.5% in
the continuous ciprofloxacin treatment group and 7.7% in
discontinuous ciprofloxacin treatment group, relative risk
= 0.71, 95% CI = 0.14 to 3.65, P = 0.88).
Alveyn CG et al[25] used 750 mg of ciprofloxacin taken
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orally in 47 jaundice patients about 90 min before ERCP
to prevent sepsis and we used the same sample size (48
patients). Our suggestion is that if a larger sample size is
employed, this outcome may be strongly enforced.
In conclusion, extensive use of antibiotics after
adequate drainage by ERCP in cholestatic patients does
not substantially reduce the incidence of cholangitis.
Continuous use of antibiotics is unnecessary in these
patients. The results of this study may contribute to
decreasing the drawbacks of the widespread use of
antibiotics including cost, adverse effects, and emergency
of resistant strains of bacteria.
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Abstract
AIM: To evaluate the time dependence of intra-arterial
5-fluorouracil (5-FU) therapy for advanced hepatocellular
carcinoma (aHCC).
METHODS: Thirty-seven adult Japanese patients who
had aHCC and liver cirrhosis were treated with combined
intra-arterial 5-FU, cisplatin (CDDP), and leucovorin
(LV). The Japan Integrated Staging score (JIS score) of
each patient was 3 or more. The patients were divided
into two groups, after which the 15 patients in group S
were treated with 6-h infusion chemotherapy (LV at 12
2
mg/h, CDDP at 10 mg/h, and 5-FU at 250 mg/m per
4 h) and the 22 patients in group L were treated with
24-h infusion chemotherapy (LV at 12 mg/h, CDDP at
2
10 mg/h, and 5-FU at 250 mg/m per 22 h). Continuous
infusion chemotherapy was performed via the proper
hepatic artery every 5 d for 4 wk using an implanted
drug reservoir.
RESULTS: The percentages of patients with a partial
response after 4 wk of chemotherapy were 6.7% in
group S and 31.8% in group L. The survival of group L
was significantly better than that of group S, with the
median survival time being 496 d in group L and 226 d
in group S (P < 0.05).
CONCLUSION: Continuous 24-h intra-arterial infusion
is more effective for aHCC and can markedly prolong
survival time as compared to 6-h infusion.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The majority of patients with advanced hepatocellular
carcinoma (aHCC) survive no longer than 6 mo from the
day of initial diagnosis[1]. It was reported that improvement
of implanted drug delivery systems has made it possible to
administer repeated hepatic arterial infusion of anticancer
agents to patients with aHCC and that hepatic arterial
infusion therapy not only improved survival but also the
quality of life (QOL)[2]. Continuous local arterial infusion
of 5-fluorouracil (5-FU) and cisplatin (CDDP) using an
infuser pump and an implanted reservoir has been shown
to prolong the survival of patients with severe advanced
HCC [2-4] . Leucovorin is a biochemical modulator of
5-FU[5-7]. A randomized study showed that the regimen
using CDDP, 5-FU, and leucovorin (LV) was significantly
better than that of the low-dose CDDP and 5-FU alone[8].
However, there were differences of the response rate and
the regimen used in these studies, such as 250 mg of 5-FU
for 5 or 24 h. For staging of HCC, Cancer of the Liver
Italian Program (CLIP) score[9] has been reported to be
very useful[10-12]. However, it was also reported that the
stratification ability and prognostic power of the Japan
Integrated Staging (JIS) score[13] were superior to those of
the CLIP score for staging of HCC[14]. Accordingly, this
study was performed to evaluate the time dependence of
intra-arterial 5-FU therapy for aHCC by using the JIS score.

MATERIALS AND METHODS
Patients
Thirty-seven adult Japanese patients who had aHCC and
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Table 1 Clinical characteristic of the 37 patients with advanced
HCC and HCV cirrhosis
Mean age

2-yr

Group S A: 6, B: 7, C: 2
Group L A: 11, B: 9, C: 2

Stage

1-yr

Group S: 10 males, 15 females
Group L: 15 males, 7 females

Child-Pugh classification

Table 2 Objective response and survival in the both group (%)

Group S: 68.3 yr
Group L: 66.6 yr

Gender

281

Group S Ⅲ: 2, IVA: 12, IVB: 1

3-yr

JIS score
4

5

14.3

0.0

0.0

Group L

50.0

16.7

16.7

Group S

0.0

0.0

0.0

Group L

16.7

0.0

0.0

Group S

0.0

0.0

0.0

Group L

16.7

0.0

0.0

Group

3

Group S

(Vp3: 4, Vp4: 1, vv2: 0)
Group L Ⅲ: 1, IVA: 14, IVB: 7
(Vp3: 3, Vp4: 0, vv2: 1)
JIS score

Objective response rate: Group S 6.7% (1/15 cases) CR: PR: SD: PD = 0: 1: 3:
11; Group L 31.8% (7/22 cases) CR: PR: SD: PD = 0: 7: 9: 6.

Group S 3: 7, 4: 7, 5: 1
Group L 3: 12, 4: 8, 5: 2

liver cirrhosis due to HCV infection (C-LC) were treated
with combined intra-arterial 5-FU, CDDP, and LV at
Omori Hospital, Japan between 2000 and 2005. According
to the computed tomography (CT) findings, the tumors
were inoperable, with a JIS score of 3 or more in all
patients.
Chemotherapy regimen
The patients were divided into two groups. Group S
comprised 15 patients (10 men and 5 women) who were
treated with 6-h infusion chemotherapy (LV at 12 mg/h,
CDDP at 10 mg/h, and 5-FU at 250 mg/m 2 per 4 h),
while group L included 22 patients (15 men and 7 women)
who were treated with 24-h infusion chemotherapy (LV
at 12 mg/h, CDDP at 10 mg/h, and 5-FU at 250 mg/m2
per 22 h). Doses of the chemotherapy were according to
a previous report[8]. Continuous infusion chemotherapy
was performed via the proper hepatic artery every 5 d
for 4 wk using a catheter connected to a subcutaneously
implanted drug delivery system. Subsequently, the same
chemotherapy was continued for as long as possible.
System placement technique
In all patients, an intra-arterial catheter was inserted via
the femoral artery and was attached to a subcutaneously
implanted reservoir[15]. In principle, the gastroduodenal
artery and the right gastric artery were occluded with steel
coils to prevent gastroduodenal injury from anticancer
agents. Written informed consent was obtained from each
patient or family members after the possible complications
o f r e s e r vo i r i m p l a n t a t i o n a n d a r t e r i a l i n f u s i o n
chemotherapy had been fully explained.
Evaluation of therapeutic effect
On CT scans obtained after 4 wk of treatment, the size
of the intrahepatic tumors was measured as the product
of the two longest perpendicular diameters of the largest
tumor. CT images were acquired according to the same
method as performed for pretreatment workup. The
response criteria defined by the Liver Cancer Study Group
of Japan were used. A complete response (CR) was
defined as disappearance of the tumor and no evidence
of new lesions for at least 4 wk, while a partial response

(PR) was defined as reduction of the product of the two
longest diameters by more than 50%. An increase of the
product by more than 25% was defined as progressive
disease (PD), and the changes in between PD and PR
were defined as stable disease (SD). The response was also
evaluated by measuring serum alpha-fetoprotein (AFP),
AFP-L3, and PIVKA-Ⅱ levels in the patients with elevated
levels of these markers. The survival period was defined as
the interval between the start of treatment and death.
Statistical analysis
The Mann-Whitney test was used to compare the
patient characteristics between the two groups. Survival
was evaluated by the Kaplan-Meier method, and the
significance of differences in survival was determined by
the log rank test. P value less than 0.05 was considered
statistically significant.

RESULTS
The group S comprised a total of 10 men and 5 women
aged 54 to 79 years (mean ± SD, 68.3 ± 7.4 years), while
the group L comprised 15 men and 7 women aged 52 to
76 years old (mean ± SD, 66.6 ± 7.8 years). There was no
significant difference between the both groups. The ChildPugh class was A for 6 patients in group S and 11 patients
in group L, while it was B for 7 and 9 patients, respectively,
and C for 2 patients in each group. Two patients had
stage Ⅲ, 12 stage ⅣA, and one patient stage ⅣB disease
in group S, while the respective numbers were 1, 14, and
7 in group L. Seven patients had a JIS score of 3, seven
patients had a JIS score of 4, and one patient had a JIS
score of 5 in group S, while the respective numbers were
12, 8, and 2 in group L. In group S, one patient had tumor
thrombi in major branches of the portal vein and four
patients had tumor thrombi in the first portal branch. In
group L, there was also one patient with tumor invasion
into the right hepatic vein and four patients with tumor
thrombi in the first portal branch (Table 1).
Response
Table 2 summarizes the response to treatment and the
survival of the aHCC patients, all of whom had a JIS score
≥ 3. In group S, one of the 15 (6.7%) patients achieved
PR, but no patient achieved CR. Also, 11 of the 15 (73.3%)
www.wjgnet.com
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Figure 1 Survival curves plotted by the Kaplan-Meier method. The survival of
group L was significantly better than that of group S. The median survival time was
496 d in group L versus 226 d in group S (aP < 0.05, Kaplan-Meier method and
log-rank test).
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Figure 3 Changes of the white blood cell count following treatment in the both
groups. There were no significant differences in either group.
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Survival
In group S, the 1-year survival rates for the patients with
a JIS score of 3, 4, and 5 were 14.3%, 0.0%, and 0.0%,
respectively. There were no survivors for 2 years or more.
In group L, the 1-year survival rates for the patients with
a JIS score of 3, 4, and 5 were 50.0%, 16.7%, and 16.7%,
respectively, while the 2-year survival rates for those
patients were 16.7%, 0%, and 0%, respectively. None of
the patients in either group survived for 3 years (Table 2).
The survival of group L was significantly better than that
of group S, with the median survival time being 496 d in
group L and 226 d in group S (p < 0.05) (Figure 1).

20 000
Serum a-fetoprotein (ng/mL)

January 14, 2007

15 000

10 000

5000

0
Pre
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Figure 2 Changes of serum AFP following treatment in the both groups. In group
L, the serum AFP level decreased significantly after treatment compared with
before treatment (aP < 0.05, Mann-Whitney test).

patients showed PD and 3 (20.0%) patients had SD. In
group L, seven of the 22 (31.8%) patients achieved PR,
although none of the patients achieved CR. Six of the 22
(27.3%) patients showed PD, but 9 (40.9%) patients had
SD. The response rate in group L was significantly better
than that in group S (p < 0.05, Mann-Whitney test).
www.wjgnet.com

Tumor markers
Figure 2 summarizes the changes of serum AFP following
treatments in both groups. In group L, the serum AFP
level decreased significantly after treatment compared with
that before treatment. However, there was no significant
change of the serum AFP level in group S. Moreover,
there were no significant changes of the serum AFP-L3
and PIVKA-Ⅱ levels in both groups (data not shown).
Hematologic toxicity
Figure 3 summarizes the changes of the white blood
cell count following treatment in both groups, showing
that there were no significant differences in either of the
groups. Similarly, there were no significant changes of
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lymphocyte or platelet count before and after treatment
in either group (data not shown). However, the neutrophil
and monocyte counts were significantly decreased after
treatments in group L compared to group S (Figure 4).

DISCUSSION
The majority of patients with advanced hepatocellular
carcinoma (aHCC) live no longer than 6 mo from the
day of diagnosis[1]. It was also reported that the average
survival of patients with aHCC was 4 mo from the onset
of symptoms and 2 mo from the time of admission[16]. In
the present study, one of 15 (6.7%) patients in group S
achieved PR, while seven of 22 (31.8%) patients in group
L reached a state of PR. The survival of group L was
significantly better than that of group S, with the median
survival time being 496 d in group L versus 226 d in group
S. Moreover, the serum AFP level decreased significantly
after treatment in group L, although this change was not
observed in group S. Regarding hematologic toxicity,
the neutrophil and monocyte counts were significantly
decreased after treatment in group L, while these changes
were not observed in group S. In the present study, the
severity of disease was assessed by the JIS score, making
it possible to observe effect of continuous intra-arterial
infusion for 6 and 24 h in C-LC patients with aHCC of
similar severity. It was demonstrated that the method
of continuous intra-arterial infusion for 24 h was more
effective and could prolong survival compared to 6-h
infusion. Both treatments were effective for aHCC in the
patients with C-LC, when we excluded the patients with a
JIS score ≤ 2 in this study. However, 24-h infusion caused
a greater decrease of the neutrophil and monocyte counts
compared to 6-h infusion.
5-FU and CDDP have been the most commonly used
drugs in combination regimens because CDDP amplifies
the effect of 5-FU by biochemical modulation in addition
to its own action[6,17,18]. Moreover, LV has a synergistic
effect in promoting the biochemical modulation of 5-FU.
It has been reported that chemotherapy using 5-FU,
CDDP, and LV is superior to other treatments (5-FU
alone, CDDP alone, and 5-FU plus LV) with respect to
controlling tumor growth, even if the concentrations of
5-FU and LV are reduced by half[8]. Therefore, we selected

Pre

Figure 4 Changes of neutrophil and monocyte counts
following treatment in the both groups. In group L, the
neutrophil and monocyte counts were significantly
decreased after treatment as compared with before
treatment (aP < 0.05, Mann-Whitney test).

Post

the combination of 5-FU, CDDP, and LV for intra-arterial
infusion to treat aHCC, based on the employment of
CDDP and LV as modulators of 5-FU. 5-FU has been
reported to exhibit its anticancer effects via the following
mechanisms: (1) Inhibition of deoxyribonucleic acid
(DNA) synthesis through inactivation of thymidylate
synthase (TS) by formation of a complex between methyle
netetrahydrofolate (CH2FH4) and 5-fluoro-2’-deoxyuridine
5’-monophosphate (FdUMP), which is synthesized
from 5-FU. (2) Interference with ribonucleic acid (RNA)
metabolism by the uptake of phosphated 5-fluorouridine
5’-triphosphate into RNA[19]. It was also reported that a
single dose of 5-FU is more effective for causing RNA
dysfunction, while continuous infusion causes more DNA
damage[20]. Another study showed that 5-FU was almost
undetectable in the peripheral blood when 5-FU and lowdose CDDP were continuously infused via a central vein
or via the hepatic artery in patients with adavanced or
metastatic HCC[21]. These reports indicate that the method
of continuous intra-arterial infusion for 24 h would cause
more damage to tumor DNA in our C-LC patients with
aHCC compared with 6-h infusion, although 24-h infusion
had stronger hematologic toxicity than 6-h infusion. Our
results might also be supported by the report that 5-FU
has a time-dependent anticancer effect and shows stronger
cell-killing activity in vitro when exposure is continued for a
longer period[22].
In conclusion, continuous 24-h intra-arterial infusion is
more effective and can prolong survival as compared with
6-h infusion in C-LC patients with aHCC, although 24-h
infusion is associated with stronger hematologic toxicity.
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Abstract
AIM: To prospectively present our initial experience with
totally laparoscopic transhiatal esophagogastrectomies
for benign diseases of the cardia and distal esophagus.
METHODS: Laparoscopic gastric mobilization and
tubularization combined with transhiatal esophageal
dissection and intrathoracic esophagogastric anastomosis
accomplished by a circular stapler was done in 3
patients. There were 2 females and 1 male patient with
a mean age of 73 ± 5 years.
RESULTS: Two patients were operated on due to
benign stromal tumor of the cardia and one patient had
severe oesophageal peptic stenosis. Mean blood loss
was 47 ± 15 mL and mean operating time was 130 ±
10 min. There were no cases that required conversion
to laparotomy. All patients were extubated immediately
after surgery. Soft diet intake and ambulation times were
5.1 ± 0.4 d and 2.6 ± 0.6 d, respectively. There were no
intraoperative and postoperative complications and there
were no perioperative deaths. The average length of
hospital stay was 9.3 ± 3 d. All procedures were curative
and all resected margins were tumor free. The mean
number of retrieved lymph nodes was 18 ± 8.
CONCLUSION: Laparoscopic transhiatal esophagogastrectomy for benign lesions has good effects and
proves feasible and safe.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In recent years, the incidence of adenocarcinoma of the
lower esophagus and cardia has increased[1]. Surgery remains the treatment of choice for these cancers, since it
provides definitive treatment and long-term survival for
some patients and offers splendid palliation for many others. The most common surgeries for resectable lesions are
total gastrectomy with distal esophagectomy, Ivor Lewis
esophagectomy and the blunt transhiatal procedure [2,3].
These traditional approaches are frequently associated with
significant morbidity and mortality rates ranging from 5%
to 10%[4-6]. With the development of minimally invasive
surgery during the last decade, attempts were made to use
alternative minimally invasive methods for esophageal dissection, which avoid an open thoracotomy incision and
therefore reduce the associated morbidity[7-11]. However,
combined methods using thoracoscopic dissection with
conventional abdominal approaches have not achieved a
significant reduction in respiratory morbidity, mostly due
to the upper midline abdominal incision[12,13]. Better outcomes were achieved by the use of laparoscopic gastric
mobilization combined with transhiatal or thoracoscopic
esophageal mobilization and cervical or thoracic anastomoses[14,15].
The present study reports on our initial experience
with laparoscopic gastric mobilization and transhiatal
oesophageal dissection with intrathoracic esophagogastric
anastomosis without abdominal, cervical or thoracic
incisions for benign diseases of the cardia and distal
esophagus prospectively.

MATERIALS AND METHODS
Patients
T he clinical records of patients who underwent
laparoscopic gastroesophagectomy in the Department
of Abdominal Surgery of the Institute of Laparoscopic
Surgery (ILS, Bordeaux) were collected prospectively. All
patients underwent preoperative workup including upper
gastrointestinal barium swallow, endoscopy with biopsies,
endoscopic ultrasonography and dynamic CT scanning
www.wjgnet.com
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of the chest, abdomen and pelvis, in order to establish
the diagnosis and determine the extent and staging of
the disease. Twenty-eight patients with a malignancy
underwent combined laparoscopic and thoracoscopic
Ivor Lewis esophagectomy and were excluded from this
study. For precise laparoscopic resection in one case
of a small intraluminal lesion, we used preoperative
endoscopic location and applied metal clips identified
by intraoperative X-ray control. Prior to the operations,
all cases were reviewed at a meeting attended by staff
surgeons, oncologists, gastroenterologists and pathologists.
Patients were informed which procedure was expected and
the possibility of conversion was discussed. All patients
were put on antithrombotic prophylaxis by low-weight
heparin and given elastic stockings. Postoperatively, all
patients were given total parenteral nutrition for the first 5
d. A hydrosoluble contrast swallow was performed on the
5th postoperative day and if normal, enteral feeding was
started.
Studied data
T he patients’ demog raphic data, surg eries, postoperative courses and outpatient follow-up were studied.
The following data were collected prospectively: age,
sex, preoperative work-up, types and locations of the
tumor, duration of surgery, blood loss, intraoperative
complications, pathological findings and nodal status,
postoperative complications, hospital stay, recurrence
and distant events. Variables are presented as mean and
standard deviation.
Surgical techniques
The patient was placed in a 25o reverse-Trendelenburg
position with split legs; the operating surgeon stood
between the legs, the assistant surgeon stood on the left
side of the patient and the camera holding assistant was
on the right side. A total of five operating trocars were
used: a 0o videoscope was introduced through a 10 mm
supraumbilical trocar, two 12 mm working ports were
placed to the right and left of the midline, and two 5
mm exposure trocars were in sub-xiphoid and left lateral
position (Figure 1). Laparoscopic explorations were done
by creating a pneumoperitoneum with CO2 to a maximum
pressure of 12 mmHg. After exploration of the peritoneal
cavity the greater curvature was mobilized by dissection of
the greater omentum from the transverse colon using scissors and Ligasure (Valleylab, Tyco Healthcare Group Lp,
Boulder, CO 80 301-3299, UK) or harmonic scalpel (Ethicon Endo-surgery, Cincinnati, OH. USA). The left gastric
vessels were exposed and clipped and divided at their roots
while the lymph nodes were dissected. The greater curvature mobilization was continued in a distal to proximal
direction while the right gastric and gastroepiploic arteries were preserved. A Kocher maneuver was performed
followed by gastric tubularization: After definition of the
distal margin of the specimen, an endoscopic linear stapler
(Ethicon Endo-surgery, Cincinnati, OH. USA) was used to
divide the small curvature and create a tube of the greater
curvature that would later allow anastomosis with the
esophagus. The right diaphragmatic crus was dissected to
www.wjgnet.com
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Figure 1 Trocar placement for transhiatal esophagogastrectomy.

expose the lower mediastinum. The fundus and abdominal
esophagus were mobilized by division of the gastrophrenic
peritoneal reflection and separation of the gastroesophageal junction from the left and right crus. The hiatus was
entered and the mediastinal esophagus was dissected. The
dissection limits were between the left and right parietal
pleuras, the pericardium and left pulmonary vein anteriorly
and the aorta posteriorly. The anterior and posterior vagal
nerves were identified and divided and finally the esophagus was transected 2 to 3 cm above the lesion with free
margins.
For reconstruction a 25 mm circular stapler (Ethicon
Endo-surgery, Cincinnati, OH, USA) was used to perform
intracorporeal esophagogastric anastomosis. The anvil
was prepared by tying a thread with a needle to the tip
and then inserted into the peritoneal cavity through a
port-site. The anvil was introduced through the lateral
esophageal wall 1.5 cm proximal to the transection line,
the needle exited through the esophageal wall and then
the esophageal stump was closed by a linear endo GIA
stapler. The circular stapler was introduced by enlarging
one of the left sided trocar sites, entered into the still
attached lesser curvature, then passed into the gastric
tube. After the stapler was connected to the anvil, the esogastric anastomosis was created, and the stapler removed.
The tissue doughnuts were carefully checked. The gastric
tube was transected with a linear stapler proximal to the
anastomosis, making sure to leave at least 1 cm of tissue
so as not to create ischemia. The resected specimen was
placed inside a bag (Endo Catch II, Auto Suture European
Services Center, S.A., 78990 Elancourt, France) and was
removed through enlargement of one of the port wounds.

RESULTS
Patients’ characteristics
Between April 2002 and January 2005, we performed laparoscopic gastroesophagectomy in 3 patients. There were
2 female and 1 male patients with a mean age of 73 ± 5
years. The presenting syndromes were abdominal pain and
dyspepsia in the first patient, upper gastrointestinal bleeding in the second patient, and dysphagia and weight loss
in the last patient. Patients’ preoperative risk was evaluated
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Table 1 Patient demographics and presenting symptoms
No.

Age (yr)

Gender

ASA

1

67

M

1

Abdominal pain and dyspepsia

Symptoms

Gastroesophageal junction

Pathologic site

Gastrointestinal stromal tumor

Pathology

2

79

F

2

Upper gastrointestinal bleeding

Gastroesophageal junction

Gastrointestinal stromal tumor

3

73

F

2

Dysphagia and weight loss

Distal esophagus

Severe fibrosis

ASA: American Society of Anesthesiologists physical status score.

according to the American Society of Anesthesiologists
physical status score (ASA) (Table 1).
Perioperative data
The perioperative data were as follows: Mean blood loss
was 47 ± 15 mL and mean operating time was 130 ± 10
min. There were no cases that required conversion to
laparotomy. All patients had their tracheal tube removed
immediately after surgery. Mean stay time in Intensive
Care Unit was 2.3 ± 0.5 d. Resumation of soft diet intake
and ambulation times were 5.1 ± 0.4 d and 2.6 ± 0.6 d,
respectively. There were no intraoperative or postoperative
complications and there were no perioperative deaths. The
average length of hospital stay was 9.3 ± 3 d.
Pathologic findings
Two patients were operated on for benign lesions,
which were gastrointestinal stromal tumors of the
gastroesophageal junction. One patient had severe fibrosis
causing severe stenosis of the distal esophagus due to
prolonged gastroesophageal reflux.
All procedures were curative and all resected margins
were disease or tumor free. The mean tumor size of the
surgical specimens was 3.1 ± 1 cm and the mean number
of retrieved lymph nodes was 18 ± 8. The patients were
cured of lesions and symptoms during a follow-up of 25
± 12 mo.

DISCUSSION
In spite of modern surgical techniques and improved perioperative care, conventional surgical approaches for benign
and malignant lesions of the esophagus and cardia have
not significantly lowered the postoperative morbidity and
mortality rates. The mortality rates from esophagectomy
ranged from 8% in high volume-centers to as high as 23%
in low-volume centers[16]. Respiratory complications associated with thoracotomy and prolonged deflation of the
right lung during the operation, as well as infections due
to anastomotic leaks are the major causes of perioperative
morbidity in these surgeries. The high morbidity rates lead
to increased cost, prolonged hospital stay, and occasionally,
to mortality. Therefore, patients with esophageal cancer, in
particular, older patients and those with co-morbid conditions may not be referred for operation at all.
During the 1970s Orringer introduced the technique
of transhiatal esophagectomy, which avoids thoracotomy[3].
However, the use of an open approach has not clearly demonstrated reduction of the risk of postoperative respiratory complications or postoperative mortality. In addition,

part of the dissection is “blind” with the consequent risk
of bleeding, particularly from the azygus vein, and damage
to the trachea and bronchi.
With the advent of minimally invasive surgical techniques, various minimally invasive surgical approaches
to esophagectomy were introduced. The initial one was
thoracoscopic esophagectomy combined with a laparotomy[13,17-19]. In contrast to expectations, no clear benefits
were shown and in some of the early series it was clear
that postoperative pulmonary complications were common following this approach[13]. Many other groups who
performed thoracoscopic esophagectomy noted respiratory
complications. Cuschieri noted pulmonary consolidation
in 12% of 26 patients[7]. Gossot and colleagues had a 17%
incidence of atelectasis requiring prolonged ventilation[20],
Collard and co-workers described a 17% incidence of
pneumonitis[21], and Dexter and associates reported that 3
of 13 respiratory complications were fatal[9]. A study from
Hong Kong comparing thoracoscopy and open thoracotomy found no significant difference in cardiopulmonary
complications[17].
Considering that postoperative pulmonary complications are mainly caused by the prolonged deflation of the
right lung during the operation and that midline abdominal
and thoracic incisions compromise respiratory ability, we
tried to avoid laparotomy and thoracotomy using the laparoscopic transhiatal approach. This approach could reduce
postoperative morbidities and speed recovery. We performed laparoscopic gastric mobilization and transhiatal
esophageal dissection with intrathoracic esophagogastric
anastomosis to treat benign cardial and distal esophageal
tumors. Laparoscopic transhiatal esophagogastrectomy was
described recently by Costi and colleagues[22], who found
that this approach minimizes postoperative complications
and gives good results. The technique described by Costi
et al is quite similar to ours while the main difference is the
esophago-gastric anastomosis: Costi et al tied the stapler’s
anvil to the end of an oro-gastric tube which was inserted
orally down to the esophageal stump.
Our preliminary results showed that laparoscopic transhiatal esophagogastrectomy without abdominal or thoracic
incisions were feasible and safe. There was no need to convert to open surgery, the estimated blood loss was minimal
and there were no intraoperative complications. The operative time was shorter than in the other approaches, which
necessitated patient’s position change and two working
fields. There were no intraoperative ventilation difficulties,
all patients were extubated immediately after surgery and
there were no postoperative pulmonary complications. The
patients were ambulated early and the postoperative course
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was uneventful in all cases. The mean hospital stay was 11
d (Hospital stay in France, unlike US or other countries, is
influenced not only by medical, but also cultural and patient related factors.). We used a narrow gastric tube without
pyloroplasty, to avoid the potential problems associated
with dumping as supported by previous studies[23]. One
concern usually raised regarding the treatment of malignant diseases by minimally invasive approaches is whether
these approaches provide an adequate cancer resection,
allowing free tumor margins and extensive lymph node
dissection, while being minimally invasive. Previous studies
concluded that the use of laparoscopic assisted transhiatal
dissection for distal esophageal cancer allows enhanced
tumor and nodal clearance compared with the standard
transhiatal approach[24]. A randomized study comparing
an extended thoracic approach and transhiatal approach
in 220 patients with adenocarcinoma of the esophagus
found no significant difference in survival between the 2
groups[25]. There are no randomized studies comparing the
laparoscopic and open transhiatal approach for malignant
lesions. Despite that all resected margins in our study
were tumor free and the mean number of retrieved lymph
nodes was 18 ± 8, which is comparable with the thoracoscopic and open surgery series, our strategy for malignant
lesions of the cardia and distal esophagus is to perform
combined laparoscopic and thoracoscopic Ivor Lewis esophagectomy with en bloc mediastinal lymhadenectomy.
In conclusion, our preliminary results demonstrate that
laparoscopic transhiatal esophagogastrectomy for benign
lesions of the cardia and distal esophagus has good effects
and is feasible and safe. Further studies with a larger
number of patients and longer follow up are needed to
establish this approach.
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Abstract
AIM: To evaluate the diagnostic accuracy of histological evaluation of pancreatic tissue samples obtained by
a modified method for recovering and processing the
endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) material in the differential diagnosis of pancreatic solid masses.
METHODS: Sixty-two consecutive patients with pancreatic masses were prospectively studied. EUS was
performed by the linear scanning Pentax FG-38UX echoendoscope. Three FNAs (22G needle) were carried out
during each procedure. The materials obtained with first
and second punctures were processed for cytological
study. Materials of the third puncture were recovered
into 10% formol solution by careful injection of saline solution through the needle, and processed for histological
study.
RESULTS: Length of the core specimen obtained for histological analysis was 6.5 ± 5.3 mm (range 1-22 mm).
Cytological and histological samples were considered as
adequate in 51 (82.3%) and 52 cases (83.9%), respectively. Overall sensitivity of both pancreatic cytology and
histology for diagnosis of malignancy was 68.4%. Contrary to cytology, histology was able to diagnose tumours
other than adenocarcinomas, and all cases of inflammatory masses. Combination of cytology and histology allowed obtaining an adequate sample in 56 cases (90.3%),
with a global sensitivity of 84.21%, specificity of 100%
and an overall accuracy of 90.32%. The complication
rate was 1.6%.
CONCLUSION: Adequate pancreatic core specimens for

histological examination can be obtained by EUS-guided
FNA. This technique is mainly useful for the diagnosis of
different types of pancreatic tumours and evaluation of
benign diseases.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Differential diagnosis of pancreatic masses is a frequent
clinical challenge. Therapeutic decision in this context is
mainly based on the ability to establish or exclude malignancy[1]. Although ductal adenocarcinoma is the most
frequent cause of pancreatic masses, other neoplasms (e.g.
lymphoma, cystic tumours) and benign conditions (e.g.
chronic pancreatitis) with different prognoses and treatment options can arise within the pancreas. A histological
diagnosis becomes therefore highly relevant for an optimal
therapeutic decision[2].
Endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) has been proved to be a safe and useful
method for tissue sampling of intramural and extramural
gastrointestinal lesions including the pancreas[3,4]. Cytological study of the materials obtained by FNA allows the
evaluation of cellular findings suggestive of malignancy,
such as anisonucleosis, nuclear membrane irregularity and
nuclear enlargement. Unfortunately, inflammation causes a
reactive and regenerative process leading to cellular changes that can be difficult to distinguish from well-differentiated neoplasias. Histological study of tissue samples allows
the assessment of tissue architecture and cell morphology,
as well as the performance of immunohistochemical analysis[5,6], thus usually providing with a higher diagnostic accuracy than cytology.
Retrieving pancreatic tissue fragments with different
EUS-guided techniques has been explored. In this context,
www.wjgnet.com
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needles of different diameters and trucut needles have
been used with variable success and complication rates[7-11].
The aim of the present study was to evaluate the diagnostic accuracy of the histological evaluation of pancreatic
tissue samples obtained by a modified method for recovering and processing the EUS-guided FNA material in the
differential diagnosis of pancreatic solid masses.

↑

MATERIALS AND METHODS

↑
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Methods
In addition to abdominal ultrasound, all patients had a
previous evaluation of the pancreatic mass by CT scan.
Lesions were located in the head of the pancreas in 45
cases, in the body in 15 cases, and in the tail in two cases.
Once the corresponding signed informed consent was
obtained, EUS was performed under conscious sedation
by a single operator (JIG). A standard blood coagulation
analysis was performed before EUS-guided FNA, and
an uncorrectable coagulation profile (prothrombin time
< 60%) was considered as a contraindication for the
procedure.
EUS was performed using a convex array echoendoscope (Pentax FG-38UX®), connected to an ultrasound
equipment Hitachi-E6000®. FNA was performed with a
standard 22-gauge needle (Sonotip Ⅱ®, Mediglobe, Germany). This needle is equipped with a round nitinol stylet
covered by a 118 cm protective metal spiral coil sheath.
The needle can be advanced up to 8.5 cm from the spiral
sheath. The target lesion was endosonographically visualized and the region was scanned for vessels using colour
and pulsed Doppler. FNA was performed from the duodenum or the stomach according to the location of the lesion
in the head or the body/tail of the pancreas, respectively.
Before puncture, the stylet was withdrawn several millimeters, thereby exposing the sharp needle tip. The needle was
then advanced into the target tissue under endosonographic guidance (Figure 1). Once the lesion was penetrated, the
stylet was advanced to the original position to “unplug”
the needle, and to push out any potentially needle-clogging
tissue or body fluids. The stylet was then removed and
suction was applied using a 5 mL syringe while moving the
needle to and fro within the lesion. Suction was released
before removing the needle. This procedure was repeated
three times and the material obtained was recovered as follows: (1) The samples obtained after the first and second
punctures were expelled on microscope slides by pushing
the needle stylet and injecting air through the needle. The
material was then spread on the slides, fixed in 96% ethanol and processed for cytological study by Papanicolau
staining (Figure 2). Cytology samples were evaluated for
cellular preservation, background substance, cellularity,
architectural integrity, and cytoplasmic and nuclear details.
Cytology diagnoses were categorized into non-diagnostic,

Figure 1 Endoscopic ultrasound image of a mass in the body of the pancreas.
Fine needle aspiration of the mass (White arrow: pancreatic mass; Dotted arrow:
FNA needle).

↑

Subjects
Sixty-two consecutive patients (mean age 57 years, range
20 to 83 years, 35 males and 27 females), who underwent
an EUS-guided FNA for the evaluation of solid pancreatic
masses were prospectively included in the study over a
two-years period.

Figure 2 Cytological evaluation of a pancreatic sample obtained by EUS-guided
FNA. The presence of marked cellular atypia (arrows) supports the diagnosis of
adenocarcinoma of the pancreas (Papanicolau staining × 40).

negative for malignancy, and positive for malignancy,
based on published criteria[12]. (2) Samples obtained after
the third puncture were recovered into a tube containing
a 10% formol solution by injecting 2 ml of saline solution
through the needle (Figure 3). Samples were then embedded in paraffin. Tissue sections of 3 to 4 µm were stained
by the classical haematoxylin-eosin technique for morphological evaluation. The sample was considered adequate if
a coherent core tissue specimen from the target lesion was
obtained (Figure 4).
No pathologist was present in the endoscopy room
during the procedure. Samples were initially processed
by the endoscopist, who was specifically trained with this
aim by pathologists. Thus, no microscopic evaluation
of sample adequacy was performed at that time. Two
experienced pathologists examined both cytological smears
and histological specimens. Cytological and histological
findings were compared with the surgical specimen as
gold standards in patients who were further operated
upon. In non-operated patients, a clinical, morphological
(EUS and CT scan) and biochemical evaluation (including
serum levels of Ca 19.9) over a minimum follow-up
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Table 1 Distribution of patients according to the final diagnosis
and number of patients correctly diagnosed by cytological and
histological evaluation of samples obtained by EUS-guided FNA

Final diagnosis
Adenocarcinoma

Figure 3 Core of pancreatic tissue obtained by expelling the content of the needle
into a tube with 10% formol solution by careful injection of saline solution after
EUS-guided FNA.

n

Correct diagnosis
Correct
Correct
by both cytology
diagnosis
diagnosis
by cytology by histology and histology

33

24

21

27

Anaplastic carcinoma

1

1

1

1

Small cell lung cancer

1

0

1

1

Squamous cell carcinoma

1

1

1

1

B cell lymphoma

1

0

1

1

Endocrine carcinoma

1

0

1

1

Inflammatory process

24

17

24

24

Total

62

42

55

56

Table 2 Accuracy of EUS-guided FNA for detection of
malignancy in pancreatic solid masses in cases of adequate FNA
sampling (95% CI)
Cytology

Histology

Sensitivity

76.5% (60.0-87.6)

92.85% (77.3-98.0)

Specificity

100% (81.6-100)

100% (86.2-100)

Negative predictive value 68.0% (48.4-82.8)

P
0.097
NS

92.3% (75.9-97.9)a < 0.05

Positive predictive value

100% (87.1-100)

100% (87.1-100)

NS

Overall accuracy

84.3% (72.0-91.8)

96.1% (87.0-98.9)

0.05

NS: not significant. aP < 0.05 vs cytology.

Figure 4 Adenocarcinoma of the pancreas. Histological study of the tissue sample
obtained by EUS-guided FNA (HE × 5).

of at least 6 mo was considered as gold standards. The
criteria for establishing a benign course of disease were
thus a subjective well-being, absence of weight loss, no
progression of the disease on imaging studies and no
elevation of serum tumour markers.
Statistical analysis
Sensitivity, specificity, overall accuracy and positive
and negative predictive values for malignancy were
calculated. Data from histology and cytology are shown as
percentages and 95% confidence intervals and compared
by the Fisher’s exact test. P < 0.05 was considered as
significant.

RESULTS
Pancreatic masses were secondary to a malignant condition in 38 cases (61.3%), and to benign diseases in 24 cases
(38.7%). Distribution of patients according to the final
diagnosis based on the gold standards is shown in Table
1. A total of 27 patients underwent surgery, including 20
pancreatic adenocarcinomas, one patient with an endocrine
tumour, and 6 patients with an inflammatory mass related
to a chronic pancreatitis. The remaining 35 patients were
followed up for a median of 10 mo (range 6-20 mo).
The length of the core specimen obtained for histolog-

ical analysis was 6.5 ± 5.3 mm (range 1-22 mm). Cytological and histological samples were considered as adequate
in 51 (82.3%, 95% CI, 71.0%-89.8%) and 52 cases (83.9%,
95% CI, 72.8%-91.0%), respectively (not significant). Global sensitivity of both pancreatic cytology and histology
for diagnosis of malignancy was 68.4% (52.5%-80.9%).
Diagnostic accuracy of both techniques in cases of adequate sample is shown in Table 2. In this context, histology tended to be more sensitive and accurate, and showed
a significantly higher negative predictive value for malignancy than cytology.
Histological evaluation provided a correct diagnosis
in all 24 cases of inflammatory masses, compared with 17
cases correctly classified by cytology (Table 1). Although
both techniques were similarly sensitive for the diagnosis
of pancreatic adenocarcinomas, histology was the only
one able to diagnose other tumours like lymphomas, endocrine tumours and small cell lung cancer metastasis (Table
1). The combination of cytology and histology allowed
obtaining an adequate sample in 56 cases (90.3%, 95% CI,
80.4%-95.5%), and a correct diagnosis in all 24 cases of inflammatory masses and 32 cases of pancreatic malignancy
(Table 1). Thus, the global sensitivity of EUS-guided FNA
was 84.21% (95% CI, 69.6%-92.6%), specificity of 100%
(95% CI, 86.2%-100%), and overall accuracy of 90.32%
(95% CI, 80.4%-95.5%).
The complication rate of the procedure was 1.6%,
and only one case of mild acute pancreatitis that resolved
within three days of conservative treatment was observed.
No patient died because of the procedure.
www.wjgnet.com
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DISCUSSION
Recovery of pancreatic EUS-guided FNA specimen into a
10% formol solution by careful injection of saline through
the needle allows obtaining an adequate tissue sample for
histological diagnosis of pancreatic masses in most cases.
Compared to cytology, histology provides a significantly
higher negative predictive value for malignancy, and tends
to be more accurate. In addition, tumours other than
adenocarcinomas are more easily diagnosed by histology.
Several studies have evaluated the accuracy of cytology
after EUS-guided FNA for the diagnostic assessment of
pancreatic masses. According to those reports, an adequate
cytological specimen can be obtained in 82% to 91% of
cases, with a sensitivity for malignancy ranging from 64%
to 96%[13-25]. In our series, the sensitivity of cytology for
the diagnosis of malignancy was 68.4%, which improved
up to 76.5% when only adequate samples were considered,
similar to the previous report.
In previous studies showing high diagnostic yields of
cytology, 3 to 6 needle passes through the lesion[16-23,26] and
on-site evaluation of the FNA sample adequacy by a cytopathologist[10,27-29] was considered essential. We were able
to obtain an adequate sample in 90% of cases by performing three passes, two for cytological evaluation and one for
histological evaluation.
Compared to cytology, histological evaluation of a tissue sample seems to have several advantages, such as a better distinction between well-differentiated adenocarcinoma
and chronic pancreatitis, an appropriate cellular subtyping
and architectural analysis for the diagnosis of tumours
(i.e. lymphoma), as well as the possibility of using special
stains[5,6]. In our series, obtaining a core specimen for histological evaluation allowed us to categorize malignant lesions that, although rare, were impossible to be diagnosed
by cytology (i.e., pancreatic lymphomas, small cell lung
cancer metastasis and endocrine carcinomas). Histological analyses were also able to properly diagnose benign
pancreatic lesions in all patients. However, we had difficulties in acquisition of adequate samples from pancreatic
adenocarcinomas, which might be explained by the tissue
features of this solid tumour, characterized by infiltrating duct-like and tubular structures embedded in a highly
desmoplastic stroma[30].
Different needles and different needle diameters have
been evaluated to obtain core tissue specimens for histopathological analysis[7-11]. Binmoeller et al[7] were able to
obtain adequate tissue core specimens in 40 out of 45
patients with pancreatic masses using an 18-gauge needle.
Despite that, the sensitivity for detection of a malignancy
was only 53% [7]. In a more recent retrospective study,
Levy et al[9] reported an accuracy of 85% for the diagnosis
of different pancreatic and non-pancreatic lesions using
a 19-gauge trucut needle, compared to a 60% accuracy
achieved by the standard fine needle aspiration technique.
Varadarajulu et al[10] compared a 19-gauge trucut needle
with the standard 22-gauge needle with fine needle aspiration, and no difference in the diagnostic accuracy between
both techniques was found (78% vs 89%). The diagnostic
yield of the trucut needle biopsy is strongly limited to lesions located in the head of the pancreas[11]. This is due to
www.wjgnet.com
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the impossibility to reach within the duodenum the degree
of deflection of the echoendoscope tip required to bring
the target lesion to an adequate position for puncture.
Larghi et al[11], despite performing trucut needle biopsy
only in lesions accessible for the transgastric approach,
were able to obtain materials in only 74% of cases, with
an overall diagnostic accuracy of 61%. Contrary to these,
the method described in the present study allowed us to
achieve a high diagnostic accuracy for pancreatic masses
located both in the head and in the body and tail of the
pancreas.
Despite the advantages of obtaining tissue core specimens for histological analysis, two cases in our series of
malignant pancreatic masses were only detected by cytology. This strongly argues in favour of obtaining specimens
for both cytological and histological evaluation. Similar
data were reported by other authors[7,9]. In fact, this approach allowed obtaining an adequate sample (either for
histology and/or cytology) in 90.3% of cases, with an
overall diagnostic accuracy for a malignancy as high as of
90.3%.
EUS-guided biopsy of the pancreas is a safe technique[31,32], with a slightly higher complication rate related
to the use of trucut needles[10]. In fact, the risk of pancreatitis and bleeding has been reported to be higher with
trucut needles than with the standard FNA needles[10], even
though this was not confirmed by other authors[7,11]. A
case of mild acute pancreatitis was the only complication
observed in the present series after EUS-guided FNA of
the pancreas. This low complication rate is similar to that
reported previously using a standard 22G needle[21-25].
In conclusion, pancreatic core specimens for histological examination can be obtained by EUS-guided FNA with
a 22-gauge needle by careful injection of saline through
the needle and by expelling the tissue samples into a tube
containing 10% formol solution. The samples obtained by
this procedure are highly adequate for histological analyses allowing an appropriate evaluation of pancreatic solid
masses. This technique is mainly useful for the diagnosis
of different types of pancreatic tumours as well as for the
evaluation of benign diseases. Combination with cytology
tends to increase the sensitivity of histology for the diagnosis of pancreatic adenocarcinomas.

COMMENTS
Background

Differential diagnosis of pancreatic masses is a frequent clinical challenge. Endoscopic ultrasound (EUS)-guided fine needle aspiration (FNA) has been proved
to be a safe and useful method for tissue sampling of pancreatic solid masses.
Histological study of tissue samples allows the assessment of tissue architecture
and cell morphology, as well as the performance of immunohistochemical analysis,
thus usually providing with a higher diagnostic accuracy than cytology.

Research frontiers

Further research is needed in order to improve the diagnostic yield of EUS-guided
biopsy, and to provide with better material from pancreatic lesions. Availability of
adequate pancreatic tissue samples may allow performing immunohistochemical
studies, molecular analysis, and evaluation of genetic mutations, thus providing
the basis for a better knowledge of pancreatic diseases.

Innovations and breakthroughs

Our study demonstrates that a core specimen from pancreatic solid masses can
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be obtained using a standard 22 gauge needle, thus allowing the histological
evaluation of pancreatic lesions. Retrieving pancreatic tissue fragments has been
explored using different types of needles (e.g., trucut needles) and different ways
of sample processing. In contrast to trucut needles, our technique allows access to
lesions located at the head of the pancreas with a low complication rate.

Applications

Obtaining samples of pancreatic tissue allows the histological evaluation of pancreatic solid masses, which may be of help for the diagnosis of different pancreatic
tumours as well as for the evaluation of benign diseases like chronic pancreatitis.

Peer review

This paper provides support for the use of this modified method when performing
fine needle biopsy of solid pancreatic masses.

16
17
18

19
20

REFERENCES
1

Tamm E, Charnsangavej C. Pancreatic cancer: current concepts
in imaging for diagnosis and staging. Cancer J 2001; 7: 298-311
Cohen SJ, Pinover WH, Watson JC, Meropol NJ. Pancreatic
2
cancer. Curr Treat Options Oncol 2000; 1: 375-386
Rösch T. Endoscopic ultrasonography. Br J Surg 1997; 84:
3
1329-1331
Hawes RH. Endoscopic ultrasound. Gastrointest Endosc Clin N
4
Am 2000; 10: 161-174, viii
Ribeiro A, Vazquez-Sequeiros E, Wiersema LM, Wang KK,
5
Clain JE, Wiersema MJ. EUS-guided fine-needle aspiration
combined with flow cytometry and immunocytochemistry
in the diagnosis of lymphoma. Gastrointest Endosc 2001; 53:
485-491
Mesa H, Stelow EB, Stanley MW, Mallery S, Lai R, Bardales
6
RH. Diagnosis of nonprimary pancreatic neoplasms by
endoscopic ultrasound-guided fine-needle aspiration. Diagn
Cytopathol 2004; 31: 313-318
Binmoeller KF, Thul R, Rathod V, Henke P, Brand B, Jabusch
7
HC, Soehendra N. Endoscopic ultrasound-guided, 18-gauge,
fine needle aspiration biopsy of the pancreas using a 2.8 mm
channel convex array echoendoscope. Gastrointest Endosc 1998;
47: 121-127
Harada N, Kouzu T, Arima M, Isono K. Endoscopic
8
ultrasound-guided histologic needle biopsy: preliminary
results using a newly developed endoscopic ultrasound
transducer. Gastrointest Endosc 1996; 44: 327-330
Levy MJ, Jondal ML, Clain J, Wiersema MJ. Preliminary
9
experience with an EUS-guided trucut biopsy needle
compared with EUS-guided FNA. Gastrointest Endosc 2003; 57:
101-106
10 Varadarajulu S, Fraig M, Schmulewitz N, Roberts S, Wildi S,
Hawes RH, Hoffman BJ, Wallace MB. Comparison of EUSguided 19-gauge Trucut needle biopsy with EUS-guided finecomments
needle aspiration. Endoscopy 2004; 36: 397-401
11 Larghi A, Verna EC, Stavropoulos SN, Rotterdam H, Lightdale
CJ, Stevens PD. EUS-guided trucut needle biopsies in patients
with solid pancreatic masses: a prospective study. Gastrointest
Endosc 2004; 59: 185-190
12 Robins DB, Katz RL, Evans DB, Atkinson EN, Green L. Fine
needle aspiration of the pancreas. In quest of accuracy. Acta
Cytol 1995; 39: 1-10
13 Voss M, Hammel P, Molas G, Palazzo L, Dancour A, O’Toole
D, Terris B, Degott C, Bernades P, Ruszniewski P. Value of
endoscopic ultrasound guided fine needle aspiration biopsy in
the diagnosis of solid pancreatic masses. Gut 2000; 46: 244-249
14 Wiersema MJ, Kochman ML, Cramer HM, Tao LC, Wiersema
LM. Endosonography-guided real-time fine-needle aspiration
biopsy. Gastrointest Endosc 1994; 40: 700-707
15 Chang KJ, Katz KD, Durbin TE, Erickson RA, Butler JA, Lin

21

22

23

24

25

26
27

28

29

30

31

32

293

F, Wuerker RB. Endoscopic ultrasound-guided fine-needle
aspiration. Gastrointest Endosc 1994; 40: 694-699
Erickson RA, Sayage-Rabie L, Beissner RS. Factors predicting
the number of EUS-guided fine-needle passes for diagnosis of
pancreatic malignancies. Gastrointest Endosc 2000; 51: 184-190
Binmoeller KF, Rathod VD. Difficult pancreatic mass FNA:
tips for success. Gastrointest Endosc 2002; 56: S86-S91
Bhutani MS, Hawes RH, Baron PL, Sanders-Cliette A, van
Velse A, Osborne JF, Hoffman BJ. Endoscopic ultrasound
guided fine needle aspiration of malignant pancreatic lesions.
Endoscopy 1997; 29: 854-858
Harewood GC, Wiersema MJ. Endosonography-guided
fine needle aspiration biopsy in the evaluation of pancreatic
masses. Am J Gastroenterol 2002; 97: 1386-1391
Giovannini M, Seitz JF, Monges G, Perrier H, Rabbia I.
Fine-needle aspiration cytology guided by endoscopic
ultrasonography: results in 141 patients. Endoscopy 1995; 27:
171-177
Gress FG, Hawes RH, Savides TJ, Ikenberry SO, Lehman GA.
Endoscopic ultrasound-guided fine-needle aspiration biopsy
using linear array and radial scanning endosonography.
Gastrointest Endosc 1997; 45: 243-250
Raut CP, Grau AM, Staerkel GA, Kaw M, Tamm EP, Wolff
RA, Vauthey JN, Lee JE, Pisters PW, Evans DB. Diagnostic
accuracy of endoscopic ultrasound-guided fine-needle
aspiration in patients with presumed pancreatic cancer. J
Gastrointest Surg 2003; 7: 118-126; discussion 127-128
W i e r s e m a M J , V i l m a n n P , G i o v a n n i n i M , C hang KJ,
Wiersema LM. Endosonography-guided fine-needle aspiration
biopsy: diagnostic accuracy and complication assessment.
Gastroenterology 1997; 112: 1087-1095
Chhieng DC, Jhala D, Jhala N, Eltoum I, Chen VK, Vickers S,
Heslin MJ, Wilcox CM, Eloubeidi MA. Endoscopic ultrasoundguided fine-needle aspiration biopsy: a study of 103 cases.
Cancer 2002; 96: 232-239
Williams DB, Sahai AV, Aabakken L, Penman ID, van Velse
A, Webb J, Wilson M, Hoffman BJ, Hawes RH. Endoscopic
ultrasound guided fine needle aspiration biopsy: a large single
centre experience. Gut 1999; 44: 720-726
Erickson RA. EUS-guided FNA. Gastrointest Endosc 2004; 60:
267-279
Klapman JB, Logrono R, Dye CE, Waxman I. Clinical impact
of on-site cytopathology interpretation on endoscopic
ultrasound-guided fine needle aspiration. Am J Gastroenterol
2003; 98: 1289-1294
Jhala NC, Jhala DN, Chhieng DC, Eloubeidi MA, Eltoum
IA. Endoscopic ultrasound-guided fine-needle aspiration.
A cytopathologist’s perspective. Am J Clin Pathol 2003; 120:
351-367
Chang KJ, Nguyen P, Erickson RA, Durbin TE, Katz KD.
The clinical utility of endoscopic ultrasound-guided fineneedle aspiration in the diagnosis and staging of pancreatic
carcinoma. Gastrointest Endosc 1997; 45: 387-393
Klöppel G, Hruban RH, Longnecker DS, Adler G, Kern SE,
Partanen TJ. Ductal adenocarcinoma of the pancreas. In:
Hamilton SR, Aaltonen LA, editors. Pathology and Genetics
of Tumours of the Digestive System. WHO Classification of
Tumours. Lyon: IARC Press, 2000: 221-230
O’Toole D, Palazzo L, Arotçarena R, Dancour A, Aubert
A, Hammel P, Amaris J, Ruszniewski P. Assessment
of complications of EUS-guided fine-needle aspiration.
Gastrointest Endosc 2001; 53: 470-474
Micames C, Jowell PS, White R, Paulson E, Nelson R, Morse M,
Hurwitz H, Pappas T, Tyler D, McGrath K. Lower frequency
of peritoneal carcinomatosis in patients with pancreatic
cancer diagnosed by EUS-guided FNA vs. percutaneous FNA.
Gastrointest Endosc 2003; 58: 690-695
S- Editor Wang GP

L- Editor Zhu LH E- Editor Liu WF

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 January 14; 13(2): 294-298
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Immunogenicity of recombinant hepatitis B virus vaccine in
patients with and without chronic hepatitis C virus infection:
A case-control study
Naser Ebrahimi Daryani, Mohsen Nassiri-Toosi, Armin Rashidi, Iman Khodarahmi
Naser Ebrahimi Daryani, Mohsen Nassiri-Toosi, Armin
Rashidi, Iman Khodarahmi, Department of Gastroenterology,
Medical School, Tehran University of Medical Sciences, Tehran,
Iran
Correspondence to: Iman Khodarahmi, Department of
Gastroenterology, Medical School, Tehran University of Medical
Sciences, Unit 9, No. 41 Kashani St., Dabestan Ave., Seyed
Khandan, Tehran, Iran. ikhodarahm@student.tums.ac.ir
Telephone: +98-21-88468178 Fax: +98-21-22646984
Received: 2006-09-06
Accepted: 2006-12-05

Abstract
AIM: To compare the response of standard hepatitis B
virus (HBV) vaccination between patients with chronic
hepatitis C virus (HCV) infection and healthy individuals.
METHODS: This is a prospective case-control study.
A total of 38 patients with chronic HCV infection and
40 healthy controls were included. Vaccination was
performed by injection of 20 µg recombinant HBsAg
into the deltoid muscle at mo 0, 1 and 6. Anti-HBs
concentration was determined 3 mo after the last dose
and compared between the two groups. The response
pattern was characterized as (1) high-response when the
anti-HBs antibody titer was > 100 IU/L, (2) low-response
when the titer was 10-100 IU/L and (3) no-response
when the titer was < 10 IU/L.
RESULTS: In the patient group, there were 10/38
(26.3%) non-responders, 8/38 (21.1%) low-responders
and 20/38 (52.6%) high-responders. The corresponding
va l u e s i n t h e c o n t r o l g r o u p w e r e 2 / 4 0 ( 5 . 0 % ) ,
7/40 (17.5%) and 31/40 (77.5%), respectively. The
response pattern was statistically different between
the two groups. In multivariate analysis, smoking was
a significant confounder, while HCV infection lost its
significant correlation with lower antibody response.
CONCLUSION: Patients with chronic HCV infection
tend to respond weakly to HBV vaccination compared
to healthy individuals, though this correlation is not
independent according to multivariate analysis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
One major transmission route for both hepatitis C virus
(HCV) and hepatitis B virus (HBV) is the parenteral route,
and the sources of infection include administration of
blood or blood products[1,2], intravenous drug use[3,4] and
needle-stick accidents[5,6]. According to the analysis of the
Third National Health and Nutrition Survey, more than
25% of HCV-positive patients in the United States had
hepatitis B markers, a proportion nearly six times that in
the HCV-negative group[3]. However, the actual prevalence
of HBV infection in patients with HCV infection is
probably underestimated[7,8]. Although it has been shown
that superinfection of either HBV or HCV may suppress
the other’s replicative levels, coinfection with both viruses
has synergistic effects with regard to histological lesions,
progression to cirrhosis and cancer development[9-13]. As
such it has been recommended by the National Institutes
of Health (NIH) that individuals with HCV be vaccinated
against HBV infection to prevent such an outcome[14].
HBV vaccination at standard doses (20 µg for adults
at mo 0, 1, and 6) results in an effective antibody response
in 90% to 98% of healthy individuals [15,16] . However,
reduced immunog enicity of the vaccine has been
established in persons with chronic liver disease, patients
receiving hemodialysis, patients with HIV infection and
those awaiting transplantation [17-21]. To the best of our
knowledge, only a few studies, with inconsistent results,
have compared the immunogenicity of standard HBV
vaccination in chronic hepatitis C patients with that in
healthy individuals through a case-control study [22-24].
Therefore, we found it valuable to compare the response
of standard HBV vaccination between patients with
chronic HCV infection and healthy individuals in a
prospective case-control study.

MATERIALS AND METHODS
Subjects
Between April 2005 and August 2006, 38 patients with

Daryani NE et al. Hepatitis B vaccine in hepatitis C patients					

Methods
Vaccination was perfor med by injection of 20 µ g
recombinant HBsAg (Euvax B, LG Chem, Korea) into the
deltoid muscle at mo 0, 1 and 6. Anti-HBs concentration
was determined 3 mo after the last dose and expressed as
IU/L. The response pattern was characterized as (1) highresponse when anti-HBs antibody titer was > 100 IU/L,
(2) low-response when the titer was 10-100 IU/L and (3)
no-response when the titer was < 10 IU/L. Patients were
monitored after each vaccine dose for the occurrences
of local (pain, induration, flush) and general (headache,
fatigue, fever) side effects.
Statistical analysis
The results are presented as mean ± SD. χ 2 test with
Fisher’s exact test was used to compare qualitative variables
between the groups. Student’s t test and analysis of
variance (ANOVA) were used to compare the quantitative
variables between two and multiple groups, respectively.
The independent predictive factors of vaccine response
were identified by multivariate analysis using multiple

Table 1 Characteristics of patients and controls (mean ± SD)
P

Characteristic

Patient group
(n = 38)

Control group
(n = 40)

Age (yr)

41.1 ± 10.3 a

34.2 ± 14.2

0.017

30/8 b

20/20

0.010

24.8 ± 4.7

24.3 ± 4.9

0.691

25 (65.8) b

3 (7.5)

< 0.001

6 (15.8)

1 (2.5)

0.054

9 (23.7) b

0 (0)

0.001

Male/Female
BMI (kg/m2)
Smoking n (%)
Alcohol n (%)
History of iv drug use n (%)
a

P < 0.05, bP < 0.01 vs control group.

100

Control
Patient

P = 0.064

80

60
%

chronic hepatitis C infection (patients group) and 40
healthy individuals (control group) referred to our clinic
were enrolled in this case-control study. Totally there were
50 males and 28 females with a mean age of 37.6 ± 12.8
years. All participants gave written informed consent and
the study protocol was approved by the Ethical Committee
of Tehran University of Medical Sciences. Inclusion
criteria for the patient group were: age > 18 years, HCV
infection diagnosed by positive HCV serological markers
assessed by ELISA (Abbott Laboratories, North Chicago,
IL, USA) and confirmed by the presence of serum HCV
RNA detected by PCR, chronic infection diagnosed by
serum alanine aminotransferase (ALT) levels of at least
twice the upper normal values (> 90 IU/L) for at least
two times within a period longer than 6 mo and/or a
liver biopsy showing evidence of chronic hepatitis. The
control group was selected from healthy adults older than
18 years. Exclusion criteria were: pregnancy, lactation,
known bleeding diathesis, current intravenous drug use,
alcohol consumption > 30 g/d, history of cancer or
transplantation, receiving immunosuppressive medications
(excluding interferon), previous hepatitis B vaccination,
history of allergy to vaccine components, current or
previous hepatitis B infection (positive HBs Ag, antiHBc Ab/anti-HBs Ab by ELISA), laboratory or clinical
evidence of other chronic liver diseases including cirrhosis
of any etiology, presence of HIV infection, chronic renal
failure (serum creatinine > 2.5) or hemodialysis.
T he following variables were recorded for all
participants: age (year), sex, body mass (kg), height (m),
smoking, alcohol use, history of intravenous drug use.
Body mass index (BMI) was calculated by dividing mass
(kg) by squared height (m2). Liver biopsy during two years
before vaccination showing the stage and grade of liver
involvement according to Ishak et al[25] and HCV genotype
(determined by PCR-RFLP) was available for 31 and 34
patients, respectively. Baseline ALT (IU/L) was determined
by commercial kits for all patients.

295

40
a

P = 0.024

20

P = 0.778

0
Non-responder Low-responder High-responder

Figure 1 Response to HBV vaccination in patient and control groups. Nonresponder (anti-HBs < 10 IU/L); Low-responder (10 IU/L < anti-HBs < 100 IU/L);
High-responder (anti-HBs > 100 IU/L). aP < 0.05 vs control group.

logistic regression. Statistical analysis was conducted
with SPSS 11.5 software (SPSS Inc., Chicago, IL, USA).
Throughout analysis, P < 0.05 was considered statistically
significant.

RESULTS
Characteristics of patients and controls
Patients were significantly older than healthy subjects (P
= 0.017). Also, patients were more frequently males (P =
0.010), smokers (P < 0.001) and previous intravenous drug
users (P = 0.001) (Table 1).
Antibody response
A total of 28/38 (73.7%) chronic hepatitis C patients
responded to the vaccination course (anti-HBs > 10 IU/
L) compared with 38/40 (95.0%) controls (P = 0.012).
In the patient group, there were 10/38 (26.3%) nonresponders, 8/38 (21.1%) low-responders and 20/38
(52.6%) high-responders. The corresponding values in the
control group were 2/40 (5.0%), 7/40 (17.5%) and 31/40
(77.5%), respectively (Figure 1). The response pattern
was statistically different between the two groups (P =
0.021). The frequency of non-responders was significantly
higher in the patient group (P = 0.024 after Bonferroni’
s correction). However, the frequency of low-responders
(P = 0.778) and high-responders (P = 0.064) was not
significantly different between the two groups. Since
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Table 2 Characteristics of hepatitis C patients according to
vaccine response (mean ± SD)
Characteristics

Non-responder
(n = 10)
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Table 3 Characteristics of hepatitis C patients according to
vaccine response

Responder
(n =28)

P

Characteristic

Non-responder Low-responder High-responder P
(n = 10)
(n = 8)
(n = 20)

Age (yr)

41.5 ± 11.3

41.0 ± 10.2

0.897

Age (yr)

41.5 ± 11.3

46.1 ± 9.0

Male/Female

8/2

22/6

1.000

Male/Female

8/2

5/3

BMI (kg/m2)

26.6 ± 6.0

24.2 ± 4.1

0.192

BMI (kg/m2)

26.6 ± 6.0

24.9 ± 3.0

Smoking n (%)

9 (90.0)

16 (57.1)

0.118

Smoking n (%)

9 (90.0)

4 (50.0)

Alcohol n (%)

2 (20.0)

4 (14.3)

0.644

Alcohol n (%)

2 (20.0)

Hx of iv drug use n (%)

2 (20.0)

7 (25.0)

1.000

Hx of iv drug use
n (%)

2 (20.0)

ALT (IU/L)
Liver disease
HAI grade (0-18)1
HAI stage (0-6)1
HCV genotype n (%)
1a
Other than 1a

177.1 ± 293.9

78.3 ± 165.3

0.199

5.4 ± 2.1
2.3 ± 1.1

5.6 ± 1.9
2.6 ± 1.6

0.773
0.669

26
14 (53.8)
12 (46.2)

Liver disease
HAI grade (0-18)
HAI stage (0-6)

0.422

HCV genotype n (%) 8
1a
6 (75.0)a
Other than 1a
2 (25.0)

ALT (IU/L)

8
6 (75.0)
2 (25.0)

1
According to Knodell’s histological activity index (HAI) as modified by
Ishak et al[25].Non-responder (anti-HBs < 10 IU/L); Responder (anti-HBs > 10
IU/L). Hx:history.

the patient and control groups were not matched in age,
sex, smoking and history of iv drug use, binary logistic
regression was performed to adjust for these parameters.
Response (anti-HBs > 10 IU/L) was considered as the
dependent variable, while hepatitis C infection, age, sex,
smoking and history of iv drug use were included as
covariates. None of hepatitis C infection (P = 0.448), age (P
= 0.078), sex (P = 0.480) and history of iv drug use (P =
0.127) were independently correlated with lower antibody
response in the patient group. However, smoking was a
significant confounder (P = 0.024; odds ratio: 25.64; 95%
confidence interval: 1.54-500).
Characteristics of hepatitis C patients according to
vaccine response
The comparison of characteristics of patients between
responders and non-responders to HBV vaccine showed
no significant difference regarding age, sex ratio, BMI,
smoking, alcohol use, history of iv drug use, baseline
ALT level, stage and grade of liver disease and genotype
(1a vs others, Table 2). When patients were categorized
into three groups of non-, low- and high-responders,
none of the variables except genotype (P = 0.038) had a
significant correlation with response category anymore
(Table 3). Genotype 1a was more frequently observed in
non-responders. However, when Bonferroni’s correction
was applied for subgroup analysis, this correlation was no
longer significant. In summary, no correlation was found
between the variables studied and response in either type
of analysis.
Side effects
No severe side effects following vaccination were observed
in chronic hepatitis C patients. Local adverse effects
(erythema, pain at injection point, induration) following
vaccination were observed in 4/38 (10.5%) patients.
Systemic side effects such as flulike syndrome, headache,
fever and fatigue occurred several days following vaccine
injections in 1/38 (2.6%) patients.
www.wjgnet.com
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39.0 ± 10.1

0.394

17/3

0.417

23.8 ± 4.6

0.903

12 (60.0)

0.150

0 (0)

4 (20.0)

0.387

2 (25.0)

5 (25.0)

0.950

177.1 ± 293.9

149.8 ± 304.6

49.8 ± 40.3

0.711

5.4 ± 2.1
2.3 ± 1.1

5.4 ± 2.8
2.4 ± 1.8

5.7 ± 1.3
2.7 ± 1.5

0.607
0.986

18
7 (38.9)a
11 (61.1)

0.038

8
7 (87.5)a
1 (12.5)

Non-responder (anti-HBs < 10 IU/L); Low-responder (10 IU/L < anti-HBs
< 100 IU/L); High-responder (anti-HBs > 100 IU/L). aP < 0.05 comparison
between three groups.

DISCUSSION
In the present study, the antibody response to standard
HBV vaccination with a dose of 20 µg at mo 0, 1 and 6 in
individuals with non-cirrhotic chronic hepatitis C infection
was evaluated and compared with healthy controls. The
frequency of high-responders, low-responders and nonresponders in the patient and control groups was 52.6%,
21.1%, 26.3% and 77.5%, 17.5%, 5.0%, respectively (P =
0.021). Non-responders were significantly more common
in the patient group (P = 0.024). However, this correlation
was not significant in multivariate analysis anymore
when age, sex, smoking and history of iv drug use were
controlled as potential confounders. In our patient group,
there was no correlation between antibody response and
variables such as age, sex, BMI, smoking, alcohol use,
history of iv drug use, baseline ALT levels, stage and grade
of liver disease and genotype.
Several studies have compared the immunogenicity of
hepatitis B vaccination with different protocols between
healthy individuals and hepatitis C patients. Some of them,
like our study, have failed to demonstrate a significant
correlation between chronic hepatitis C and antibody
response[22,26-28]. However, some authors have shown that
responses were weaker in patients than in controls[23,24,29,30].
Hence the results still remain controversial. Among the
above mentioned studies, only three have used the same
vaccination protocol as ours[22-24]. Lee et al[22] compared the
immunogenicity of HBV vaccination between 26 hepatitis
C patients and 35 controls. The groups were similar in age,
but the control group was significantly younger than the
patient group. One month after the last dose, 88.5% of
patients and 91.4% of controls responded to vaccination
with anti-HBs > 10 IU/L. The difference was not
statistically significant[22].
In another study of 48 patients and 11 controls,
Chlabicz et al[23] showed that 72.9% of patients and 90.9%
of controls responded (anti-HBs > 10 IU/L) to HBV
vaccination one month after the last dose. The groups

Daryani NE et al. Hepatitis B vaccine in hepatitis C patients					

were similar in age, sex, BMI and smoking frequency but
the difference in antibody response was not significant
either. One year after the last dose, there was a significant
reduction in antibody response among patients so that only
34.1% of them remained responders. The corresponding
value in the control group was 90% at the same time (P <
0.05).
Finally, Mattos et al[24] reported in their study of 85
patients and 46 healthy adults that 55.3% of patients and
97.8% of controls responded (anti-HBs > 10 IU/L) to
HBV vaccination one month after the third vaccine dose.
Non-responders were significantly more common in the
patient group (P < 0.001). The patient and control groups
were matched in sex, BMI, alcohol use and smoking,
but the patient group was significantly older than the
control group. In multivariate regression to control for
age as a potential confounder, HCV positivity remained
significantly correlated with the lower antibody response (P
= 0.0013). The patient group in this study included both
cirrhotic and non-cirrhotic individuals. Considering that
cirrhosis is associated with a lower antibody response[26,31],
inhomogeneity of the patient group might have had a role
in the significant correlation in this study[24].
We only considered non-cirrhotic patients in our
study. The results of multivariate regression showed that
hepatitis C infection did not play an independent role
in decreasing antibody response. Rather, smoking was a
significant confounder (P = 0.024; odds ratio: 25.64; 95%
confidence interval: 1.54-500). This finding is in agreement
with previous studies[32,33]. When patients were categorized
into two (responder and non-responder) or three groups
(non-, low- and high-responder), no variables studied had
a significant correlation with antibody response. Previous
studies, as well as ours, failed to show a significant
correlation between antibody response and age, sex, BMI,
smoking, alcohol use, iv drug use, baseline ALT level or
liver histology (grade, stage)[24,29,30]. Mattos et al[24] showed
that the percentage of non-responders was significantly
higher in patients with genotype 1 (P = 0.04). Considering
that they had three subgroups of patients according to
their response, subgroup analysis with a Bonferroni’s
correction (which changes the P value to Pc = 0.08) seemed
to be necessary to make a justifiable conclusion. We did
not achieve a significant correlation, which was supported
by Leroy et al[29].
No clinically significant adverse effect was seen in our
patients. Local side effects following vaccination were
observed in 10.5%, while systemic side effects such as
flulike syndrome, headache, fever and fatigue occurred in
2.6% of patients. These rates are almost similar to those
reported in other studies[22,26,30]. In conclusion, patients
with chronic hepatitis C infection tend to respond weakly
to HBV vaccination compared to healthy individuals,
though this correlation is not independent according to
multivariate analysis.

COMMENTS
Background

Several studies have compared the immunogenicity of hepatitis B vaccination
between healthy individuals and hepatitis C patients. Some of them have failed
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to demonstrate a significant correlation between chronic hepatitis C and antibody
response. However, some authors have shown that responses were weaker in
patients than in controls.

Research frontiers

Coinfection with both hepatitis B and C viruses has synergistic effects with
regard to histological lesions, progression to cirrhosis and cancer development.
Therefore, it may be very beneficial to prevent HBV superinfection in hepatitis C
patients.

Innovations and breakthroughs

Considering the various vaccination protocols used in HCV patients and also
controversial results, we found it valuable to compare the response of standard
HBV vaccination between patients with chronic HCV infection and healthy
individuals in a prospective case-control study. The results showed that hepatitis C
infection does not decrease the immune response to HBV vaccination.

Applications

Based on the results of this study, in the absence of factors known to weaken the
immune response, hepatitis C patients do not seem to need additional doses of
HBV vaccine or antibody titration after standard HBV vaccination. However, these
considerations should be taken into account when vaccinating a hepatitis C patient
in general, i.e. one with commonly coexisting immunity-related risk factors.

Terminology

Multivariate analysis: When compared groups are not similar in some possibly
important features such as sex or age, performing a multivariate analysis using
multiple logistic regression can adjust groups for such potential confounders.
Bonferroni’s correction: A method to adjust the level of significance when
multiple comparisons are made.

Peer review

If we accept that HBV vaccine may be useful in HCV patients, the basic steps of
research should be: to evaluate the rate of response in HCV carriers and to verify
whether this rate is acceptable in terms of cost benefit. The patients and controls
were significantly different in age, sex, smoking frequency and intravenous drug
use.
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Abstract
AIM: To investigate the effect of ginkgo biloba extract
(EGb 761) on lung injury induced by intestinal ischemia/
reperfusion (Ⅱ/R).
METHODS: The rat model of Ⅱ/R injury was produced
by clamping the superior mesenteric artery for 60 min
followed by reperfusion for 180 min. The rats were
randomly allocated into sham, Ⅱ/R, and EGb +Ⅱ/R
groups. In EGb +Ⅱ/R group, EGb 761 (100 mg/kg per
day) was given via a gastric tube for 7 consecutive days
prior to surgery. Rats in Ⅱ/R and sham groups were
treated with equal volumes of the vehicle of EGb 761.
Lung injury was assessed by light microscopy, wet-todry lung weight ratio (W/D) and pulmonary permeability
index (PPI). The levels of malondialdehyde (MDA) and
nitrite/nitrate (NO2 /NO3 ), as well as the activities of
superoxide dismutase (SOD) and myeloperoxidase (MPO)
were examined. Western blot was used to determine the
expression of inducible nitric oxide synthase (iNOS).
RESULTS: EGb 761 markedly improved mean arterial
pressure and attenuated lung injury, manifested by the
improvement of histological changes and significant
decreases of pulmonary W/D and PPI (P < 0.05 or 0.01).

Moreover, EGb 761 markedly increased SOD activity,
reduced MDA levels and MPO activity, and suppressed
NO generation accompanied by down-regulation of iNOS
expression (P < 0.05 or 0.01).
CONCLUSION: The results indicate that EGb 761
has a protective effect on lung injury induced by Ⅱ
/R, which may be related to its antioxidant property
and suppressions of neutrophil accumulation and iNOSinduced NO generation. EGb 761 seems to be an
effective therapeutic agent for critically ill patients with
respiratory failure related to Ⅱ/R.
© 2007 The WJG Press. All rights reserved.

Key words: Ginkgo biloba Extract; Intestine; Reperfusion
injury; Lung; Adult respiratory distress syndrome;
Vascular permeability; Nitric oxide; Lipid peroxidation
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761) attenuates lung injury induced by intestinal ischemia/
reperfusion in rats: Roles of oxidative stress and nitric oxide.
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INTRODUCTION
Intestinal ischemia/reperfusion (Ⅱ/R) injury is a grave
condition resulting from acute mesenteric ischemia,
hemorrhagic, traumatic or septic shock, or severe burns
and some surgical procedures including small bowel
transplantation and abdominal aortic surgery[1]. It is wellknown that Ⅱ/R not only causes injury of the intestine
itself, but also involves severe destruction of remote
organs and even multiple organ dysfunction [2,3] . Of
these remote organ injuries, lung injury has been wellcharacterized as an acute inflammation with sequestration
of leukocytes and their enzymatic products in lung
tissue, increased microvascular permeability, perivascular
and interstitial edema, and pulmonary edema [4]. These
pulmonary processes incited by remote Ⅱ/R injury
frequently lead to the clinical picture of acute respiratory
distress syndrome[5].
The mechanisms of lung injury induced by Ⅱ/R are
very complex. It is well-established that lipid peroxidation
is one of the major factors causing lung injury [6,7]. In
www.wjgnet.com
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addition, evidence showed that overproduction of nitric
oxide (NO) generated by inducible nitric oxide synthase
(iNOS) not only aggravates oxidative damage[8,9], but leads
to pulmonary microvascular dysfunction as well[10]. Thus,
the therapeutical strategy by removing free radicals and
reducing NO overproduction should be potential effective
strategies for the protection against lung injury following
Ⅱ/R.
Extracts from the leaves of ginkgo biloba have been
widely used therapeutically in China and Western countries
for years. Standard ginkgo biloba extract, EGb 761, contains
22%-27% flavonoids and 5%-7% terpenoids, which are the
most important active substances in the extract[11]. Today,
EGb 761 is widely prescribed for treatment of disorders
such as Alzheimer’s disease and neuronal hypoxia, both of
which have etiologies associated with oxidative stress[11-13].
In the cardiovascular system, it can protect the heart
against ischaemia/reperfusion damage [14] and alleviate
vascular endothelial cell injury[15]. Thus, currently, EGb 761
is also widely used in treating cardiovascular diseases[16].
EGB 761 has a broad spectrum of pharmacological
activities. However, most of the investigations were
focused on cardio-cerebral vascular diseases. Recently,
s e ve r a l s t u d i e s s h owe d t h a t E G b 7 6 1 d e c r e a s e s
malondialdehyde (MDA) and myeloperoxidase (MPO, an
indicator of tissue neutrophil accumulation) levels[17] and
protects against histological damage in intestinal mucosa
after Ⅱ/R[18]. However, there is no report about the effect
of EGb 761 on lung injury induced by Ⅱ/R.
Based on the above findings, we postulate that EGb
761 can exert a protective effect on Ⅱ/R-induced lung
injury. Thus, the present study was undertaken to confirm
the above hypothesis and elucidate the mechanisms related
to pulmonary lipid peroxidation, neutrophil sequestration
and nitric oxide (NO) production regulated by induced
nitric oxide synthase (iNOS) expression.

MATERIALS AND METHODS
Animal preparation
The current study was approved by the Animal Care
Committee of Sun Yat-sen University and performed in
accordance with the guidelines for the use of experimental
animals by the Ministry of Health. Twenty-four adult
pathogen-free male Wistar rats weighing between
230-302 g were housed in individual cages in a cohorted
temperature-controlled room with alternating 12 h light/
dark cycles, and acclimated for a week before the study.
Food was removed 8 h prior to the study, and all rats had
free access to water.
Establishment of intestinal ischemia/reperfusion rat
models
All rats were anesthetized with pentobarbital (30 mg/kg
body weight, intraperitoneally). A polyethylene catheter
(PE-10) was inserted into the left carotid artery. The
catheter was connected to MacLab digital data acquisition
system (PowerLab/4SP ADI Instruments, Ugo Basile
Comerio, VA, Italy) via a pressure transducer (TSD104A
Biopac Systems, 2 Biological Instruments, Besozzo,
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VA, Italy) for monitoring mean arterial pressure (MAP).
Periodically, the cannula was flushed with normal saline
(100 μL) to maintain recording fidelity. The rat model
was established according to our previous method[19]. The
small intestine was exteriorized by midline laparotomy and
the superior mesenteric artery (SMA) was occluded by
microvascular clip. After 60 min of ischemia, the SMA was
reperfused for 180 min. Ischemia was determined by the
existence of pulseless or pale color of the small intestine.
The return of pulse and restoration of pink color were
assumed to be due to the reperfusion of the intestine.
Experimental protocol
The rats were randomly allocated into one of 3 equal
groups (n = 8): Sham, Ⅱ/R and EGb + Ⅱ/R. The
surgical sham group underwent full surgical preparation
including the isolation of SMA without the occlusion.
In EGb + Ⅱ/R group, EGb 761 (100 mg/kg per day)
was given via gastric tube for 7 consecutive days prior
to surgery. EGb 761 was dissolved in normal saline at
the concentration of 100 mg/mL. Rats in Ⅱ/R group
and sham group were treated with equal volumes of the
vehicle (normal saline solution) of EGb 761. EGb 761 was
supplied by Zhejiang Kangenbei Pharmaceutical Company,
China (No. 21003). It contains 24% ginkgo-flavonole
glycosides and 6% terpenoids.
Sample collection of blood and lung tissues
After 3-h reperfusion, blood samples were taken from
carotid artery. A median sternotomy was performed, and
the left main bronchus and right lower lobe bronchus were
clamped. The trachea was cannulated and the right upper
and middle lobes were lavaged three times with 2 mL of
saline containing 0.07 mmol/L EDTA. The collected
blood and bronchoalveolar lavage (BAL) fluids were
centrifuged at 3000 r/min for 15 min, and the supernatant
was stored at -80℃ for subsequent measurement of
protein content. The right lower lung lobe was divided into
two parts for histology examination and the assessment
of pulmonary edema. The left upper and lower lung lobes
were used for biochemical and Western blotting analyses,
respectively.
Lung histology examination
Part of the right lower lung lobe was harvested and fixed
in 10% formalin. After embedded in paraffin, sections of
8 mm were stained with hematoxylin and eosin for light
microscopy.
Assessment of pulmonary vascular permeability and
pulmonary edema
Pulmonary permeability index (PPI) served as indicators
of high pulmonary vascular permeability. PPI was assessed
by the ratio of protein concentration in BAL fluid to that
in plasma. The protein concentrations of blood and BAL
fluid were detected by Coomassie brilliant blue method
according to the manufacturer’s instructions (Nanjing
Jiancheng Corp., China). The severity of pulmonary edema
was estimated by wet-to-dry lung weight ratio (W/D).
After the wet weight of the lungs was measured, the lungs
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were completely dried in a vacuum oven (DP22; Yamato
Scientific, Tokyo, Japan) at 95℃ for 48 h to remove any
gravimetrically detectable water.

Detection of oxidative stress in lung tissue
Lung tissues were homogenized on ice in normal saline.
The homogenates were centrifuged at 4000 r/min at
4℃ for 10 min. MDA levels in the supernatants were
determined by measurement of thiobarbituric acid-reactive
substance levels using MDA assay kit (Nanjing Jiancheng
Corp., China) according to the manufacturer’s instructions.
The results were calculated as nmol per 100 mg of protein
(nmol/100 mg). SOD activity in the supernatants was
evaluated by inhibition of nitroblue tetrazolium (NBT)
reduction by O 2- generated by the xanthine/xanthine
oxidase system in accordance with the manufacturer’s
instructions (Nanjing Jiancheng Corp., China). The results
were expressed as U/100 mg protein.
Detection of nitrite/nitrate in lung tissue
Lung tissues (100 mg) were weighed and made into
10% homogenates with 0.9 mL normal saline. After
centrifugation for 10 min at 10 000 r/min, the supernatant
was placed in boiling water for 3 min and then centrifuged
for 5 min at 10 000 g. The supernatant (0.1 mL) was taken
for the detection of nitrite/nitrate (NO2-/NO3-) production,
an indicator of NO synthesis, with an NO assay kit (Nanjing
Jiancheng Corp., China) following the manufacturer’s
instructions. Results were calculated as micromoles per 100
grams of protein (μmol/100 mg protein).
Western blotting analysis for inducible nitric oxide
synthase in lung tissue
The left lower lung lobe was homogenized with PBS
(pH 7.2) and centrifuged at 4℃, 18 000 r/min for 10
min. After precipitation, the unsolubilized fraction was
discarded. The protein concentration in the supernatant
was determined by Coomassie blue dyebinding assay
(Nanjing Jiancheng Corp. China). Aliquots (30 mg) of

Sham
Ⅱ/R
EGb + Ⅱ/R

140
120
MAP (mmHg)

Detection of myeloperoxidase activity in lung tissue
Myeloperoxidase (MPO) activity was detected according
to the method described by Barry et al[20]. After weighing,
the lung assay sample was homogenised in 5 mL of
0.5% hexadecyltrimethyl ammonium bromide (Sigma,
U.K.) in 50 mmol potassium phosphate buffer (pH 6).
The homogenate was freeze-thawed twice, and then
centrifuged at 13 000 g for 5 min. The resulting supernatant
was assayed spectrophotometrically for MPO activity by
incubating 0.1 mL of the supernatant with 2.9 mL of
solution B. Solution B was prepared by dissolving 2.9 mL
of O-dionisidine hydrochloride (Sigma, U.K.) in 90 mL
of distilled water and addition of 10 mL of 50 mmol
potassium phosphate buffer (pH 6) and hydrogen peroxide
(final concentration 0.0005%). The change in absorbance
with time at 460 nm was then recorded continuously
(Philips PU/VIS specvasculature trophotometer). One unit
of MPO was defined as that degrading 1 µmol peroxide
per minute at 25℃. Results were expressed as units per
gram of lung tissue.

160
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Figure 1 Effects of EGb 761 (arrow indicates the starting point of reperfusion)
on mean arterial pressure (MAP) after Ⅱ/R in anaesthetized rats. A rapid drop in
MAP was recorded immediately after the beginning of reperfusion of the ischemic
bowel. Data are the means of 8 rats (SD not shown). EGb 761 markedly increased
MAP. There were significant differences in MAP at all time points after reperfusion
between Ⅱ/R and EGb + Ⅱ/R groups (P < 0.01).

proteins from each sample were electrophoresed on a 120
g/L SDS-polyacrylamide gel for 4 h at 100 V. The protein
samples were transferred onto a nitrocellulose membrane
(Amersham, USA). The membrane was then probed with
polyclonal rabbit anti-rat inducible nitric oxide synthase
(iNOS) antibody (1:50 dilution, Santa Cruz Co., USA) for 2
h at 37℃. After 3 washes with TPBS, blots were visualized
with the use of an amplified HRP kit (Wuhan Boshide
Corp, China). The presence of iNOS was indicated by the
presence of brown color.
Statistical analysis
Statistical analysis was performed using SPSS (version
10.1; SPSS for Windows, Chicago, IL) software. Data
were expressed as mean ± SD. One-way analysis of
variance was used for multiple comparisons and least
significant difference test (LSD-t) was used for intragroup comparison. P < 0.05 was considered statistically
significant.

RESULTS
Changes in MAP
There was no death of any rats during the experiment.
There were no significant differences in the weight of
the rats and the temperature in the laboratory among
the groups. Figure 1 illustrates the time course of MAP
in the three experimental groups. A rapid drop in MAP
was recorded immediately after the release of the arterial
occlusion and the beginning of reperfusion of the
ischemic bowel. EGb 761 significantly improved MAP.
There was a significant difference in MAP at all time
points after reperfusion between Ⅱ/R and EGb + Ⅱ/R
groups (P < 0.01).
Pathological changes of lung tissue
The histological structure of alveolar and mesenchymal
cells was normal in the lungs of sham group (Figure 2A),
while the lung tissues from Ⅱ/R group were significantly
damaged with pulmonar y edema, hemor rhage and
www.wjgnet.com
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Table 1 Changes in W/D and PPI in lung tissues (mean ± SD)
n
PPI (× 10-3)
W/D (%)

8
8

Sham

Ⅱ/R

EGb +Ⅱ/R

1.08 ± 0.42

4.02 ± 0.82b

13.75 ± 5.18

a

29.62 ± 3.39

2.23 ± 0.45a,c
16.34 ± 6.45d

a

P < 0.05, bP < 0.01 vs sham group; cP < 0.05, dP < 0.01 vs II/R group. W/D:
Wet-to-dry lung weight ratio, PPI: pulmonary permeability index.

Table 2 Changes in the activities of SOD and MPO, the levels
of MDA and NO2 /NO3 in lung tissues (mean ± SD)

B

n

Sham

Ⅱ/R

EGb + Ⅱ/R

MDA (nmol/100 mg)

8

41.34 ± 6.45

68.52 ± 8.69b

44.56 ± 6.13d

SOD activity (U/100 mg)

8

101.8 ± 10.32 61.09 ± 6.52b

NO2-/NO3- (μmol/100 mg) 8
MPO activity (U/g)

8

40.36 ± 9.68
3.26 ± 0.78

84.36 ± 8.25a,c

78.54 ± 12.36b 44.13 ± 8.56d
6.93 ± 0.79b

4.14 ± 0.76a d

a

P < 0.05, bP < 0.01 vs sham group; cP < 0.05, dP <0.01 vs II/R group. MPO:
Myeloperoxidase; NO2-/NO3-: nitrite/nitrate; MDA: malondialdehyde; SOD:
superoxide dismutase.

C

Figure 2 Light microscopic observation of the lung tissues after Ⅱ/R with
pretreatment of EGb 761 in rats. A: The normal lung tissue structure was found
in sham group (× 100); B: Lung edema, hemorrhage and inflammatory cell
sequestration were found in Ⅱ/R group (× 200); C: Decreased morphological
changes induced by Ⅱ/R were found in EGb +Ⅱ/R group (× 200).

inflammatory cell infiltration (Figure 2B). Pretreatment
with EGb 761 could attenuate significantly the lung injury
as shown by light microscopy (Figure 2C).
Changes in W/D and PPI in lung tissues
Compared with the sham group, the lung W/D and PPI
in Ⅱ/R group were increased significantly (P < 0.05, P <
0.01). Compared with the Ⅱ/R group, the lung W/D and
PPI in EGb + Ⅱ/R group were significantly decreased (P
< 0.05 or 0.01) (Table 1).
Changes in MPO activity in lung tissues
MPO activity in Ⅱ/R group was significantly higher than
that in the sham group (P < 0.01). Compared with Ⅱ/R
group, MPO activity in EGb +Ⅱ/R group was markedly
reduced (P < 0.01), but still higher than that in the sham
group (P < 0.05) (Table 2).
www.wjgnet.com

Changes in lung MDA levels and SOD activity in lung
tissues
MDA levels in Ⅱ/R group were significantly higher than
that in the sham group (P < 0.01). Compared with Ⅱ/R
group, MDA levels in EGb+Ⅱ/R group were markedly
decreased (P < 0.01). SOD activity in Ⅱ/R group was
markedly lower than that of the sham group (P < 0.01).
It was increased significantly in EGb +Ⅱ/R group (P <
0.01), but still lower than that of the sham group (P < 0.05)
(Table 2).
Changes in lung NO2-/NO3- levels in lung tissues
Compared with the sham group, lung NO2-/NO3- levels
in Ⅱ/R group were increased significantly (P < 0.01).
Compared with the Ⅱ/R group, NO 2-/NO 3- levels in
EGb + Ⅱ/R group were decreased significantly (P < 0.01)
(Table 2).
Changes in iNOS expression in lung tissues
Western blotting showed that very weak positive signals
were found in the lung tissues of the sham group.
Significant increases of iNOS protein expression were
seen in the Ⅱ/R group. There were still notable positive
signals in EGb + Ⅱ/R group, but it was weaker for the Ⅱ
/R group (Figure 3).

DISCUSSION
Cur rently, EGb 761 is commonly used in treating
cardiovascular diseases and cerebral vascular diseases in
many countries. As far as we know, the present study is
the first to investigate its effects on Ⅱ/R-induced lung
injury. The results showed that EGb 761 can markedly
improve MAP and attenuate lung injury, manifested by the
improvement of the histological damage and significant
decreases of pulmonary W/D and PPI (variables related to
lung injury). These findings suggest that the administration
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iNOS
1

2

3

Figure 3 Western blotting analysis of iNOS in rat lung. 1. Sham group; 2. Ⅱ
/R group; 3. EGb + Ⅱ/R group. The intensity of the bands was greater in Ⅱ/R
group compared with EGb +Ⅱ/R group. A prominent band of iNOS protein was
demonstrated at approximately 70 Kd.

of EGb 761 may be a potential effective therapeutical
approach for the prevention from Ⅱ/R-induced lung
injury.
The mechanisms of lung injury after Ⅱ/R are complex
and poorly understood. It is thought that the damage
of intestinal mucosal barrier following Ⅱ/R causes the
dislocation of bacteria or endogenous endotoxins, leading
to systemic inflammatory reactions[20-22]. The neutrophil
and their enzymatic products are sequestrated in lung
tissues, which causes increased microvascular permeability,
perivascular and interstitial edema, and pulmonary
edema[4,22,23].
MPO is a haem-containing enzyme located
within the azurophil granules of neutrophils, and its
activity is known as an indicator of tissue neutrophil
accumulation [24]. The present study showed that EGb
761 markedly reduced MPO activity, suggesting that its
protective effect on Ⅱ/R-induced lung injury might be
related to the suppression of neutrophil accumulation.
Our findings are well supported by previous studies, in
which EGb 761 suppressed neutrophil sequestration in
hepatic and renal tissues evidenced by decreased MPO
activity [25,26].  Previous studies also demonstrated that
EGb 761 increases peripheral and cerebral blood flow
and improves microcirculation, and reduces capillary
permeability[27,28], indicating the effect of EGb 761 on
neutrophil accumulation. However, the related mechanisms
need further investigation.
It is well documented that lipid peroxidation due to Ⅱ
/R is one of the main causes for lung injury[6,7]. MDA is
the direct product of lipid peroxidation. Therefore, the
extent of lipid peroxidation can be assessed by measuring
MDA levels in tissues[29]. SOD is the major enzyme for
scavenging oxygen free radicals, and its activity can reflect
its functional status[30]. Previous studies have shown that
EGb 761 can interact as a free radical scavenger and
an inhibitor of lipid peroxidation with all, or nearly all,
reactive oxygen species[27]. In the present study, EGb 761
was demonstrated to inhibit MDA production and increase
SOD activity, suggesting that the inhibition of lipid
peroxidation may be one of the mechanisms attributable
to the protective effects of EGb 761 on Ⅱ/R-induced
lung injury.
Several recent observations implicate that NO may be
an important participant in the pulmonary response to
[31]
Ⅱ/R . It has been suggested that NO, produced from
endothelial constitutive nitric oxide synthase (ecNOS), may
be an important protective molecule at the onset of Ⅱ/R.
In this regard, inhibitors of endogenous NO production
greatly exacerbate the increase in epithelial permeability
and cardiovascular dysfunction in the reperfused post-
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ischemia intestine [31,32]. Excessive NO production has
been attributed to the second NOS (inducible NOS,
iNOS) that is not present under normal conditions but
can be induced in response to systemic inflammatory
states, including Ⅱ/R. The induction of iNOS has
been implicated in the pathogenesis of Ⅱ/R and it was
reported that the inhibitions of iNOS activity and NO
production could attenuate Ⅱ/R injury[10,33]. In the present
study, we further studied the contribution of iNOS to Ⅱ
/R-induced lung injury. The results showed that 60 min
of intestinal ischemia followed by 180 min of reperfusion
significantly upregulated the lung iNOS expression,
accompanied by marked elevation of pulmonary nitrate/
nitrite (stable metabolites of NO) levels. This is consistent
with the findings of Virlos et al[10], who demonstrated that
pulmonary iNOS activity in rats subjected to Ⅱ/R was
significantly increased and of Zhou et al[8], who showed
that systemic inflammatory response and lung injury
occur following Ⅱ/R with an overproduction of NO
accompanied by the increases of iNOS expression and the
formation of peroxynitrite in the lungs. The mechanisms
of the cytotoxic actions of excessive NO production have
not been fully understood. It has been suggested that the
superoxide ions react with NO to produce peroxynitrite,
which then causes accentuated lipid peroxidation, proteic
and DNA modifications resulting in cellular damages[34].
Taken together, the iNOS-NO-peroxynitrite dependent
pathway may be one of the mechanisms of Ⅱ/R-induced
lung injury.
The effect of EGb 761 on NO generation in lung
tissue following Ⅱ/R was studied for the first time in
the present study. The results showed that EGb 761
significantly reduced the generation of NO accompanied
by the down-regulation of iNOS expression. Varga et al
showed that EGb 761 directly acts as an NO scavenger
and concomitantly inhibits the expression of iNOS
mRNA in myocardial tissues, thus improving the recovery
of postischemic cardiac function after myocardial
ischemia/reperfusion[35]. In addition, EGb 761 inhibits
NO production in lipopolysaccharide/gamma interferon
(LPS/IFN- γ )-activated macrophages by concomitantly
scavenging NO and inhibiting iNOS mRNA and enzyme
activity[36,37]. Although the experimental models employed
in previous studies are different from the present study,
these findings can, at least in part, support our current
conclusion that the protective effect of EGb 761 on lung
injury may be attributable to its suppression on the iNOSNO dependent pathway.
There is little information on the mechanisms of the
effect of EGb 761 on the iNOS-NO dependent pathway.
A most recent study showed the preventive effect of EGb
on the lipopolysaccharide-induced expressions of iNOS
via the suppression of nuclear factor-kappaB (NF-κB) in
RAW 264.7 cells. Thus, the suppression of NF-κB might
be the potential mechanism underlying the findings that
EGb 761 reduces NO production and concomitantly
inhibits iNOS expression in lung tissues following Ⅱ/R[38].
There are some limitations in the present study. First,
EGb 761 is a specific and complex product prepared from
ginkgo leaves. EGb 761 used in this study contained 24%
ginkgo-flavonole glycosides and 6% terpenoids. Which
www.wjgnet.com
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components produce the protective effect or work more
in protecting against Ⅱ/R-induced lung injury in the
present study remains to be elucidated. Second, we did
not employ selective inhibitor of iNOS to strengthen the
present conclusion, because we focused on investigating
the protective effect of EGb 761 on lung injury and thus
only preliminarily studied the related mechanisms.
In conclusion, the present study indicates that EGb
761 has a protective effect on lung injury induced by Ⅱ
/R, which may be related to its antioxidative property
and the suppressions of neutrophil accumulation and
iNOS-induced NO generation. EGb 761 appears to be an
effective therapeutic agent for some critically ill patients
with respiratory failure related to Ⅱ/R, although its
mechanisms remain to be elucidated.
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COMMENTS
EGb 761 is widely used in treating cardio-cerebral vascular diseases mainly due
to its action of anti-oxidative damage; however, there is no report about its effect
on lung injury induced by intestinal ischemia/reperfusion. The present study was
undertaken to confirm the above hypothesis and elucidate the mechanisms related
to pulmonary lipid peroxidation, neutrophil sequestration and nitric oxide (NO)
production regulated by induced nitric oxide synthase (iNOS) expression.

Research frontiers

EGb 761 has been reported to be effective for the disorders such as Alzheimer’
s disease and neuronal hypoxia and to protect the heart against ischaemia/
reperfusion damage and to alleviate vascular endothelial cell injury, which all have
etiologies associated with oxidative stress.

Innovations and breakthroughs

Previous studies showed the protective effect of EGb 761 on cardio-cerebral
ischemia/reperfusion injury and intestinal mucosa injury following intestinal
ischemia/reperfusion (II/R). The present study indicates that EGb 761 has a
protective effect on lung injury induced by II/R and the mechanism may be related
to its antioxidative property and the suppressions of neutrophil accumulation and
iNOS-induced NO generation.

Applications

Remote lung injury induced by intestinal ischemia reperfusion (II/R) due to acute
mesenteric ischemia, hemorrhagic, traumatic or septic shock, or severe burns and
some surgical procedures including small bowel transplantation and abdominal
aortic surgery often leads to the clinical picture of acute respiratory distress
syndrome. EGb 761 has been demonstrated to have the protective effect on lung
injury and thus appears to be an effective therapeutic agent for some critically ill
patients with respiratory failure related to II/R.

Terminology

Excessive production of nitric oxide (NO) is attributed to the upregulation of
inducible nitric oxide synthase (iNOS) expression that is not present under normal
conditions, but can be induced in response to systemic inflammatory states,
including II/R. NO can react with superoxide ions to produce peroxynitrite, which
then causes accentuated lipid peroxidation, proteic and DNA modifications,
resulting in cellular damages. This is described as an iNOS-NO-peroxynitrite
dependent pathway.

Peer review

This manuscript is very interesting. The title accurately reflects the major contents
of the article. The results provide sufficient experimental evidences from which
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nervous system dysfunction, rhabdomyolysis, arrhythmias,
disseminated intravascular coagulation and hepatic failure,
not uncommon followed by death[4].
The current model of heat stroke favors hyperthermia
as trigger, while endotoxaemia drives the disease. However,
the patholog y is not fully understood [2] . In athletes
undergoing intense training a variety of immune and
gastrointestinal disturbances can occur. We here describe
two completely different causes of heat stroke resulting in
acute and severe liver failure as leading symptom.

CASE REPORTS
Abstract
While cardiopulmonary symptoms are common in
patients undergoing classical or, due to physical exercise,
exertional heat stroke, the failure of other organs is a
rarely described phenomenon. Here we present two
cases of acute hepatic failure, one due to classic heat
shock, while the other occurred while the patient was
doing a marathon-type running. Both cases presented
with very high transaminases and significantly elevated
international normalized ratio (INR). No other causes for
liver failure could be identified but physical exhaustion
and hyperthermia.
© 2007 The WJG Press. All rights reserved.

Key words: Heat stroke; Acute hepatic failure; Heat
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INTRODUCTION
Heat stroke is a life-threatening condition that can be
fatal if proper assessment and treatment are not initiated
rapidely [1,2]. A variable degree of organ involvement is
present in heat stroke[3]. At the beginning, there is heat
exhaustion, characterized by nonspecific symptoms such as
malaise, headache and nausea. Untreated this illness results
in heat stroke, a serious disease possibly involving central
www.wjgnet.com

Case one
A 23-year old male was delivered to our intensive care
unit (ICU) after he collapsed running a half-marathon. He
had no former medical history and was in good physical
shape. He took no medication and was negative for an
obtained drug screening. By admission he felt fatigue and
complained about nausea and vomiting. The laboratory
results showed elevated levels of 12427 U/L creatinine
kinase (CK) (normal < 145 U/L), 5821 U/L lactate
dehydrogenase (LDH) (normal < 248 U/L), 8378 U/L
aspartate aminotransferase (AST) (normal < 31 U/L),
9765 U/L alanine aminotransferase (ALT) (normal < 34
U/L), 40 mg/dL bilirubin (normal < 1.0 mg/dL) and
2.8 international normalized ratio (INR) (normal < 1.2)
(Figure 1). The other basic laboratory parameters were
within normal range. The patient was monitored and
treated with intravenous fluid (5 to 6 liters per 24 h).
To exclude other causes for acute hepatic failure,
virus serologies were obtained. Besides positive IgG of
hepatitis A and B due to immunization, there were no
serological findings for acute or chronic hepatitis A, B,
C or human immunodeficiency virus (HIV). Also acute
infection with cytomegaly virus (CMV), herpes simplex
virus (HSV) or epstein-barr virus (EBV) was ruled out.
The autoimmune antibodies (ANA, ANCA, SMA, LKM,
mitochondrial antibodies) were also negative. In addition,
protein electrophoresis gave no pathologic findings. Serum
levels for alpha-1-antitrypsin, iron and transferrin were
within normal range. Ferritin was raised to 29490 μg/L
(normal 30-300 µg/L), probably due to destruction of
hepatocytes. Because of lowered caeruloplasmin (serum)
and copper (serum and 24-h urine) levels, a liver biopsy
was performed. The histology showed intact architecture
of the lobules. Portal fields showed no signs of fibrosis
or inflammatory infiltration. Accentuated centrolobular
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Figure 1 Basic laboratory parameters of a 23-yr-old male patient presenting with liver failure after exertional heat stroke. A: Creatinine kinase (CK), lactate dehydrogenase
(LDH), aspartate aminotransferase (AST) and alanine amino-transferase (ALT) at admission and during progression in a linear scale; B: Creatinine and urea in a logarithmic
scale; C: Bilirubin and international normalized ratio (INR) in a linear scale.

parameters for further monitoring. At follow-up one week
later the patient was in good health and showed normal
laboratory parameters.

Figure 2 HE-staining of a liver biopsy derived from a 23-yr-old male presenting
with liver failure after exertional heat stroke. Microscopy showed liver tissue with
intact architecture of the lobules. Portal fields showed no signs of fibrosis or
inflammatory infiltration. Accentuated centrolobular necrosis was accompanied with
fatty degeneration of hepatocytes. Additionally, focal bile inclusions were found
without Mallory bodies, iron debris and atypical cellular proliferation. Altogether,
the morphological picture does not fit acute Wilson’s disease, hemochromatosis or
infection, but ischemic liver disease.

necrosis and fatty degeneration of hepatocytes were seen.
Additionally, focal bile inclusions were found. Altogether,
the morphological picture did not fit acute Wilson’s
disease, hemochromatosis or infection, but ischemic liver
disease (Figure 2).
Abdominal ultrasound including duplex sonography,
besides a slight hepatosplenomegaly, demonstrated no
abnormal findings. To exclude a cardiac reason for the
patient’s collapse, both a 24-h electrocardiogram and
an echocardiogram showed normal heart function and
structure.
The patient stayed in the ICU for 5 d, while the
laboratory results were declining (Figure 1) (208 U/L
LDH, 676 U/L AST, 1438 U/L ALT, 2.2 mg/dL bilirubin,
1.1 INR). Initially, the CK did rise to levels higher than
30 000 U/L, but on d 5 after admission it dropped to 4948
U/L. Renal function was normal at all times due to high
fluid application and keeping the urine-pH above 7.5. On
d 6, the patient was transferred from ICU to a regular
ward in good health and mostly recompensated laboratory

Case two
A 46-year old male was delivered to our ICU after he had
collapsed due to heat shock. His working place was below
a roof window and it was a very hot day. In the after-noon,
after working all day, he finally suffered from a seizure and
was found cardiorespiratory stable but unconscious with
his temperature of 42℃.
By admission laboratory findings demonstrated a
clinical picture of acute hepatic failure with very high levels
of transaminases (15 929 U/L AST, 10 050 U/L ALT),
bilirubin (1.9 mg/dL) and malfunction in liver synthesis (1.9
INR) (Figure 3). Further laboratory parameters showed an
elevated LDH (15 831 U/L), CK (6452 U/L), Troponin T
(1.18 µg/L, normal < 0.03 μg/L), creatinine (1.78 mg/dL,
normal < 1.3 mg/dL) and urea (50 mg/dL, normal < 45
mg/dL). All other basic parameters were within normal
range.
Besides a seizure in 1989 due to an intra-cerebral
bleeding, the patient had no past medical history. We
started to treat him with intravenous fluid (5 to 6 liters per
24 h). Because of acute renal dysfunction he was treated
two times with hemodialysis.
To exclude other reasons for acute hepatic failure he
received further examinations. An abdominal ultrasound
including duplex sonography showed no alterations.
No pathologic serum markers for alpha1-antitrypsin,
caeruloplasmin, copper, iron, ferritin, AFP or autoimmune
antibodies (ANA, ds-DNA, ANCA, LKM, SMA,
mitochondrial antibodies) were observed. Virus serologies
were positive for HSV-IgG, VZV-IgG, EBV-IgG, but
negative for IgM, as a parameter for acute infection.
Hepatitis A was IgG positive due to immunization. All
other infectious causes tested, like CMV, influenza A and B,
hanta virus, hepatitis B and C, HIV and leptospirosis, were
negative. Additionally, an obtained drug screening was
negative.
The patient was further monitored in our ICU and
received treatment of cooling and intravenous fluid. The
www.wjgnet.com
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Figure 3 Basic laboratory parameters of a 46-year old male presenting with liver failure due to classic heat stroke. A: Creatinine kinase (CK), lactate dehydrogenase (LDH),
aspartate aminotransferase (AST) and alanine amino-transferase (ALT) at admission and during progression in a linear scale; B: Creatinine and urea in a logarithmic scale; C:
Bilirubin and international normalized ratio (INR) in a linear scale.

patient regained consciousness within 36 h after therapy
was started and the abnormal laboratory parameters
excluding creatinine and urea, returned slowly to normal
within a few days. Because of the elevated myocardial
enzymes at admission, an echocardiogram and an electro
cardiogram (ECG) were obtained. While the ECG
was normal, the echocardiogram showed a very mild
hypertrophic obstructive cardiomyopathy (HOCM),
unknown so far, but a good right and left ventricular
function and no contraction disorders of the myocardium.
Also, the patient did not suffer from chest pain or
dyspnoea at all times.
Six days after admission the patient had lowered
laboratory parameters (Figure 3) (512 U/L LDH, 620 U/L
AST, 1889 U/L ALT, 1.7 mg/dL bilirubin, 4376 U/L CK,
0.35 µg/L TNT, 1.0 INR), but still high urea and creatinine
levels. He was transferred to a nephrology ward where he
continued to get hemodialysis, until the kidney function
was resolved. Twenty-three days later he presented again
at the outpatient clinic with almost normalized laboratory
parameters (Figure 3).

DISCUSSION
Described in this paper are two cases of acute hepatic
failure due to physical exhaustion/heat shock. While the
first patient had no other organ disorders, the second
suffered from multi-organ failure including heart, kidneys
and brain, and mainly liver malfunction.
It has been rarely reported that physical exhaustion can
lead to hyperthermia, coma, rhabdomyolysis and organ
failure[5,6]. Classic heat stroke however, is a more common
disease with the life-threatening core body temperature
higher than 40.5℃. Its associated clinical manifestations
are exsiccosis, fatigue, nausea, vomiting, disorientation
and coma[7]. Possible complications are cardiopulmonary
dysfunction, acid-base or electrolyte disorders, as well as
failure of other organs. Recently, a study demonstrated
that 21 of 28 patients with heat stroke developed organ
dysfunctions. Acute respiratory distress syndrome is
the frequently encountered complication [8], while liver
malfunction has not been reported. Our two cases indicate
www.wjgnet.com

that liver failure may be more often than expected. Liver
failure due to heat stroke begins with the same common
symptoms, like nausea and exhaustion. When collapse,
hyperthermia and multi-organ failure occur, it may be
diagnosed[9], indicating that a rise in liver enzymes is an
important predictive factor[8]. In our cases, liver failure
was the leading symptom, causing cerebral disorders and
renal dysfunction. Liver transplantation is the only possible
treatment for severe hepatic damage. Recently, the first
long-term follow-up of liver transplantation for hepatic
failure due to heat stroke has been reported[10].
The recommended treatment for such severe cases is
fluid application and rebalancing acid-base and electrolyte
disorders as well as close monitoring, except for liver
transplantation. Other treatments, like application of
human umbilical cord blood cells as described in rats, to
lower intracerebral changes due to heat stroke, remain
speculative and under experiment at present[11].
The mechanism underlying liver failure in heath shock
patients is not totally understood. An earlier study showed
that systemic or intrahepatic circulatory disturbance as
seen in disseminated intravascular coagulation (DIC), may
be the cause[12]. In one case, a portal vein thrombosis has
been found[9], which could result in liver and other organ
failure. However, in our cases, the duplex sonography
showed no big vessel thrombosis, whereas DIC could not
be excluded. Although DIC could explain the raised liver
enzymes in our second case, the cardiac problems due
to HOCM contributing to the liver failure could not be
ruled out. Nevertheless, we think that a cardiac reason is
unlikely, because the right and left ventricular function of
the patients was excellent at all times.
It has been reported that the intracranial pressure
rises and cerebral ischemia occurs due to lower arterial
pressure during heat stroke, resulting in lower blood flow
and intracranial pO2[11]. It remains for further study if the
same mechanism is responsible for liver damage. If so,
this could result in a therapeutic application of vasoactive
substances to increase intrahepatic blood flow in patients
with severe liver damage after heat stroke.
Another review published in 2004 has discussed a
possible function of immune response in organ failure

Weigand K et al. Hepatic failure due to heat stroke

of patients suffering from hyperthermia during physical
exercise[13]. Since a reduced splanchnic blood flow which
can result in gastrointestinal barrier dysfunction and
increased permeability can be measured, endotoxin causing
immune reactions could enter internal organs and drive
organ damage. This may lead to the assumption that
application of immune suppressive medication could be
tested.
Besides liver malfunction, renal problems were the
leading cause of liver failure in our cases. This is most
likely explained by exsiccosis. Nevertheless, it is also
possible that the high CK is an additionally cause of renal
disorder.
In conclusion, patients with hepatic failure due to
physical exhaustion or heat stroke should be closely
monitored and severe problems like bleeding, hepatic
coma and acute renal malfunction should be recognized as
early as possible.
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Abstract
Cutaneous melanoma is one of the most studied
neoplastic lesions in biology and clinical oncology. It
has been well documented that this type of neoplasm
presents a high metastatic rate, and is able to involve
nearly every tissue. Non-cutaneous melanoma represents
an unusual pattern of melanoma, and the small intestine
is an uncommon anatomic localization. Herein we report
an extremely rare clinical case of a young woman
affected by a bleeding jejunal melanoma, whose early
clinical presentation was an intestinal invagination.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cutaneous melanoma is a malignancy characterized by
a high mortality rate. It can metastasize to all organs,
although the gastrointestinal tract is an unusual metastatic
localization. In 50% of cutaneous melanomas, in fact,
metastases in the gastroenteric tract are diagnosed upon
autopsy, and only in 5% of cases, they are diagnosed
clinically[1,2]. Intestinal metastases of cutaneous melanomas
www.wjgnet.com

are linked to a baleful prognosis, with a survival average of
6-10 mo after surgery[3,4].
Many studies have demonstrated that only surgery can
lead to a control of chronic anemia related to intestinal
melanoma bleeding and resolution of the episodes of
intestinal sub-occlusion. Surgery on melanoma metastases
moreover, can guarantee an increase of sur vival, in
addition to an excellent improvement in quality of life[5-7].
Intestinal metastases represent the occurrence of an
occult skin melanoma in only 3%-5% of cases, in which a
spontaneous regression of the cutaneous lesion happens[8].
Intestinal metastasis bleeding is extremely rare[9,10].
In order to add more information about surgical
presentation of intestinal occult melanoma herein we
describe a case of a young woman affected by bloody
jejunal metastasis of occult cutaneous melanoma,
complicated by intestinal invagination-an extremely rare
case in the adult population.

CASE REPORT
A 45-year old woman complained of continual nausea
and biliary vomiting, associated with a weight loss of 5 kg.
Due to localized abdominal pain, mainly in the right hypochondrium and episodes of hematemesis, the patient was
admitted to our hospital. Blood tests revealed sideropenic
anemia with 81 g/L haemoglobin, serum iron 100 pg/L,
ferritin 23 µg/L, and fecal occult blood test (FOBT) positive in three fecal samples. A gastroscopy was performed,
which showed the presence of gradeⅠesophagitis, moderate hiatal hernia and chronic erosive gastritis. The colonoscopy was incomplete due to the presence of colic stools.
Abdominal ultrasonography highlighted a distension of
the intestinal loops without signs of parenchymatous organ pathology. The patient therefore received an abdominal CT, which suggested the presence of a gastric distension with duodenum-jejunal distension and the presence
of a jejunal loop with thickened walls. A second hyperdense image inside the intestinal lumen, forming a targetshaped image was also present: typical feature of intestinal
invagination (Figure 1). We therefore decided to proceed
to urgent surgical operation after blood transfusion. During surgery, intra-peritoneal fluid was found and samples
were removed for cytological testing. Invagination at the
third jejunal loop (Figure 2) was evidenced. The presence
of hypertrophic lymphatic tissue with intestinal mesenteric
lymphoadenomegalia was also present. Manual resolution of the invagination was carried out. This procedure
highlighted the presence of a hyperchromic ulcerated neo-
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Figure 1 Duodenumjejunal distension and
the presence of a jejunal loop with thickened
walls, with a second
hyper-dense image
inside the same lumen,
forming a target-shaped
aspect characteristic of
intestinal invagination.

Figure 4 Ileal wall infiltrated with metastatic melanomatous cells with nuclear
pseudoinclusions and nucleoli, in nest and trabecular arrangement (HE x 10).

Figure 2 Invagination at the third jejunal loop.
Figure 5 Strong positivity at immunohistochemical assay for HMB45.

ferred to an oncologic centre for the search of the primary
melanoma localization. At three, six months and a year follow-up, the patient is alive and no signs of skin melanoma
have been detected.

DISCUSSION

Figure 3 Presence of a hyperchromic ulcerated neoformation, with signs of recent
bleeding of the serosa.

formation, with obvious signs of recent bleeding coming
from the serosa (Figure 3).
Thorough exploration of the abdominal cavity did not
detect further replicative lesions. Resection of the third
jejunal loop containing the neoformations and the whole
underlying mesentery with its lymph nodes, was performed. The intestinal continuity was restored through a
latero-lateral jejuno-jejunal anastomosis.
The post-operative course was uneventful and the
patient was discharged after 10 postoperative days. The
definitive histological examination showed the presence
of an intestinal metastasis of cutaneous melanoma of
unknown origin (Figures 4 and 5). The patient was then re-

The peculiar rarity of this clinical case represents the
principal reason for our interest. In spite of the clinical
manifestation and the diagnostic-therapeutic approach
adopted, this case presents many conditions that have been
previously poorly documented in international literature.
Our patient presented a chronic anemia and repeated
biliary vomiting that were related to the erosive gastritis
and esophagitis identified by the gastroscopy, even if this
did not necessarily exclude chronic bleeding from neoplastic lesions. The pre-operative CT scan of parajejunal
lymphoadenomegalia prompted us to suspect the presence
of a neoplastic lesion causing the jejunal invagination. Jejunal invagination in an adult, in fact, can cause 1%-3% of
surgically treated intestinal occlusion but is mainly due to
peritoneal adhesion or to the presence of intestinal anastomosis[11] and less frequently to a neoplasm. Melanoma
intestinal metastasis is clinically diagnosed only in 3%-5%
of cases, and is usually found to affect the stomach or
the colon. Jejunal location is much less frequent[12] and,
if present, does not show clinical signs till diagnosed at
autopsy. A diagnosis based on the finding of metastatic
www.wjgnet.com
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lesions, without identification of the primary cutaneous
source, as described in our report, is carried out in only
3% of melanomas. Even if the etiology of primary gastrointestinal melanomas remain undefined, some authors
suggest that primary gastrointestinal melanomas are derived from melanoblastic cells of the neural crest which,
migrating through the omphalomesenteric canal or APUD
cells, reach the intestinal tract, undergoing neoplastic
transformation[13]. Non-cutaneous melanomas represent
a rare form of melanoma. In a review of 84 836 cases of
melanoma, 91.2% were cutaneous, 5.2% ocular, 2.2% of
unknown primary site and only 1.3% of gastrointestinal
mucosa[14]. Melanomas that arise on mucosal surfaces appear to be more aggressive and are associated with worse
prognosis than cutaneous melanomas. The poorer prognosis may be related to the delay in diagnosis, to their more
aggressive behaviour, or to earlier dissemination because
of the rich lymphatic and vascular supply of the gastrointestinal mucosa[15,16].
Our case shows that the presence of an early complication due to intestinal occlusion, through a sequential and
appropriate instrumental diagnostic evaluation, gave us the
opportunity to identify a rare melanotic lesion. Moreover,
the right surgical approach has given us the opportunity to
improve the length and quality of the life of this unlucky
patient.
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lacking anatomical or vascular continuity with the pancreas
proper[1]. In 85% to 90% of reported cases, HP has been
found in stomach, duodenum, upper jejunum, whereas
its presence in the gallbladder is very rare[1-3]. Similar to
HP of other organs, HP of the gallbladder itself has no
clinical importance and is found incidentally in most cases.
However, there have been some reports of symptomatic
gallbladder disease[4-7]. Herein we report a case of HP in
the neck of the gallbladder who presented with clinical
findings of cholecystitis.

Abstract

CASE REPORT

Gallbladder localization of heterotopic pancreas (HP)
is uncommon and very rarely gives rise to symptoms.
Herein we report a case of HP found in the gallbladder
neck presented with signs and symptoms of cholecystitis.
The patient was a 40-year old male, suffering from
epigastric pain, abdominal fullness and fever. On physical
examination, the right upper abdomen was tender with
a positive Murphy’s sign. Ultrasonographic examination
showed a hydropic gallbladder without stones and he
underwent a cholecystectomy. Pathological examination
revealed an intramural nodule (9 mm) in the neck region
which is consisted of acini, ducts and islet cells of an
aberrant pancreatic tissue. Although HP is encountered
rarely in the gallbladder and is found incidentally during
pathological studies, this case emphasizes that HP might
cause symptoms and present clinically as cholecystitis.
For this reason, in patients presenting with symptomatic
gallbladder diseases, including cholecystitis without any
other pathology, HP should be taken into consideration
before it is diagnosed as "idiopathic’’.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Heterotopic pancreas (HP) is defined as the presence of
pancreatic tissue lying outside its normal location and

A 40-year old male presented to the hospital with
epigastric pain, abdominal fullness and fever three days
ago. On physical examination, the right upper abdomen
was tender with a positive Murphy’s sign. His laboratory
data revealed total bilirubin = 1.5 mg/dL, direct bilirubin
= 0.8 mg/dL, ALP = 398 U/dL, SGOT = 70 U/dL,
SGPT = 60 U/dL, GGT = 90U/dL. Ultrasonographic (US)
examination showed a hydropic gallbladder without stones.
A cholecystectomy was performed. The macroscopic
findings were as follows: gallbladder measuring 80 mm
× 50 mm × 40 mm, wall thickness 3-12 mm. In the neck
region, a yellowish-white intramural nodule measuring
9 mm × 8 mm × 8 mm was obser ved. Microscopic
examination revealed aberrant pancreatic tissue consisting
of acini, ducts and chromogranin A expressing islet cells.
No direct connection with the gallbladder lumen was
observed (Figure 1). The whole specimen was embedded
stepwise for further microscopic evaluation, but any
other pancreatic tissue was not detected. The diagnosis
was thereby established as chronic cholecystitis with
heterotopic pancreas. All symptoms disappeared following
cholecystectomy and the patient recovered completely.

DISCUSSION
Although HP is the second most prevalent pancreatic
anomaly, the incidence in gastrointestinal tract is estimated
to be from 0.55% to 13.7% on autopsy, and 0.2% in
laparatomy [6]. Despite the frequent occurrence of HP
in the stomach, duodenum and upper jejunum, the
gallbladder localization is extremely rare. Since the first
publication by Poppi in 1916, only 29 more cases of HP
worldwide in the gallbladder have been reported in a
review of the literature up to the present[8]. In these cases
there is a higher incidence of female patients between 40
and 50 years of age[9]. However, similar to our case, its
www.wjgnet.com

314

ISSN 1007-9327

A

CN 14-1219/R

World J Gastroenterol

B

January 14, 2007

Volume 13

Number 2

Figure 1 Histological sections of HP
showing dilated ducts (arrows, H&E x 100)
and acini (A), acinar and islet cells (asterisk,
H&E x 250) (B), and chromogranin A
expressing islet cells (Mayer’s haematoxylin
x 250) (C) in submucosa of gallbladder neck.

C

occurrences have been reported in men. In half of the
reported cases, HP is preferentially localized close to the
neck of the gallbladder[9]. Parallel to this observation, in
our patient HP was located in the neck region.
HP in the gallbladder is very rarely symptomatic. In
most reported cases, it is an incidental pathological findings
and coexists with gallstones[9,10]. However, there have been
some reported symptomatic gallbladder diseases due to
HP[4-7]. In one case HP has been found to cause perforation
of the gallbladder and lead to peritonitis [5]. Similar to
our case, in two cases HP has been found to stimulate
cholecystopathy with all symptoms disappearing following
cholecystectomy[4,7]. Inceoglu et al[6] have reported a case
of HP in the cystic duct with hydrops of the gallbladder
and chronic pancreatitis of the ectopic tissue. In all cases
including the case presented here, because of its rare
occurrence as a symptomatic lesion, HP is not taken into
consideration in the clinical differential diagnosis. Indeed,
as in other organs, the preoperative diagnosis of HP in
gallbladder is difficult[10,11]. Symptomatology and clinical
findings in most cases suggest gallbladder disease, mainly
lithiasis and cholecystitis[9]. It was pointed out that HP
located especially in the neck region might prevent bile flow
like a stone and cause hydrops of the gallbladder mimicking
the clinical findings of these diseases[6]. From this point
of view, in our case localization of HP in the neck region
might explain the clinical findings of cholecystitis related to
hydrops of the gallbladder without cholelithiasis. Recently
it was indicated that, despite its high resolution, US is not
specific for HP and impossible to distinguish HP from
other lesions such as cholesterol polyps, adenoma and
carcinoma[9,11]. Parallel to these observations, in our case
while US examination revealed a hydropic gallbladder
without stones, it failed to detect HP. For these reasons, we
suggest that the rare occurrence of HP in the gallbladder
and its presence as an incidental finding in cholecystectomy
materials do not exclude its consideration in the differential
diagnosis of symptomatic gallbladder diseases.

www.wjgnet.com

Our histopathological examination revealed a HP
constituted of acini, ducts and islet cells, corresponding to
the total heterotopia[8]. Although panreatitis may occur in
HP, the present case had no histopathological findings of
pancreatitis[6].
T he origin of heterotopic pancreatic tissue is
controversial but two theories have been proposed. One
suggests that pancreatic tissue is separated from the
main pancreas during embryonic rotation[5,6], the other
is that during the growth of the ventral pancreatic bud a
proportion is transported by the longitudinal growth of
the intestines[5,6]. Therefore its presence in the gallbladder
might indicate derivation from the ventral diverticulum.
On the other hand, the site of organ/tissue formation
is also determined by strictly coordinated developmental
programs involving interplay between extracellular
signaling and intracellular transcriptional factor
networks. It has been demonstrated that in mammals the
developmental decisions according to the state of the
immediate neighbors are controlled through the Notch
signaling system[12]. Several studies indicate that this system
also plays an essential role in the precise orchestration of
cell-fate decisions in the developing pancreas[13]. Hes-1
(Hairy enhancer of split), a main effector of Notch
signaling is required for region-appropriate specification
of the pancreas in the developing foregut endoderm[14]. In
experimental studies, ectopic pancreas formation has been
observed in Hes-1 knockout mice and the plasticity of
endodermal progenitors of the gut, bile duct, and pancreas
has been suggested[14,15]. In light of these observations, we
consider that besides two proposed theories, abnormalities
in the Notch signaling system, especially in Hes-1
expression during embryogenesis may also contribute to
the formation of HP of the gallbladder.
In conclusion, HP of the gallbladder is a very rare
condition which is diagnosed incidentally, but may cause
clinical symptoms such as cholecystitis and should be
taken into consideration in patients with symptomatic

Elpek GÖ et al . Cholecystitis due to heterotopic pancreas

315

gallbladder disease without any other specific clinical and
laboratory findings before it is diagnosed as idiopathic.
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Abstract
The early hypersensitivity reaction and late bone marrow
depression are well-known side-effects of azathioprine,
whereas interstitial pneumonia is a rare complication.
A 40-year old male patient had been treated with
azathioprine in consequence of extensive ulcerative
colitis for 10 years. He then complained of 7 d of fever,
cough and catarrhal signs, without symptoms of active
colitis. Opportunistic infections were ruled out. The chest
X-ray, CT and lung biopsy demonstrated the presence
of interstitial inflammation. Azathioprine therapy was
discontinued as a potential source of the pulmonary
infiltrate. In response to steroid therapy, and intensive
care, the pulmonary infiltrate gradually decreased within
4 wk. Three months later, his ulcerative colitis relapsed,
and ileo-anal pouch surgery was performed. In cases
of atypical pneumonia, without a proven infection,
azathioprine-associated interstitial pneumonitis may be
present, which heals after withdrawal of the drug.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Azathioprine (Imuran® Glaxo-SmithKline) (AZA), one of
the most commonly prescribed immunosuppressive drugs,
is mainly administered in the treatment of immune-mediated diseases. AZA has been used to combat inflammatory
bowel diseases (IBD) such as ulcerative colitis and Crohn’s
disease since the 1960s[1]. It has been shown to reduce the
number of lamina propria plasma cells, to alter the function of lymphocytes and natural killer cells and to exert an
anti-inflammatory effect[2]. In IBD, azathioprine is used in
both steroid-dependent and steroid-resistant cases. The
clinical efficacy starts within 3-6 mo after the initiation of
therapy. It is effective in more than half of the patients[3].
The early hypersensitivity reaction (nausea, fever, hepatitis
and pancreatitis) and late bone marrow depression (leukopenia and macrocytosis) are relatively common sideeffects[4], but interstitial pneumonitis is rare.

Case report
A 41-year old male patient with known ulcerative colitis
since 1988 was referred to the Department of Medicine by
his GP in June 2003 with symptoms and signs of relapse.
His pancolitis had been treated with AZA (1.8 mg/kg per
day) since 1993 because of frequent relapses. During the
therapy only mild (1-2 blood-streaked stools) and rare (for
1-2 wk periods, once or twice yearly) relapses occurred.
The patient was in good physical condition for his age and
he was able to work. Six weeks before his admission, there
was a severe relapse. He complained of anorexia, a weight
loss (15 kg) and frequent bowel movements (10-12 times/
d), accompanied with colicky pain and blood in the stools.
Fever, dyspnoea and cardiac symptoms were not present.
His treatment on admission was: 1 g olsalazine, 150 mg
azathioprine, 12 mg methylprednisolone daily. Physical
examination of the cardiorespiratory system was negative
and diffuse abdominal tenderness was detected. His weight
was 91 kg, his height was 182 cm, and his temperature was
normal. The blood chemistry at the time of admission was
as follows: ESR = 76 mm/h, serum sodium = 132 mmol/l,
potassium = 3.7 mmol/l, haematocrit = 32%, hb = 111
g/l, TIBC = 55 µmol/l, white blood cell count = 4.400
G/l, and platelets = 368.000 G/l. Liver function tests
were normal. Colonoscopy revealed severe active extensive
ulcerative colitis involving the whole transversal colon. In
response to parenteral corticosteroid treatment, his condition improved. He was discharged in good condition after
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Figure 1 Chest X-ray (2003-09-09) showing moderate reticular enhancement with
ring-like consolidation in both lungs (but predominantly the right), without cardiac
or aortic abnormalities.

11 d on 48 mg/d oral methylprednisolone and 150 mg/d
AZA.
After a remission period, which lasted throughout the
summer, he presented to the Department of Medicine in
September 2003 with complaints of weakness, weight loss,
coughing and fever, the latter appearing every evening for
a week. He did not cough up blood. He had 2-4 stools
daily, without blood. He had no abdominal symptoms. His
daily treatment on admission was 150 mg AZA, 16 mg
methylprednisolone and doxycycline (prescribed by his
GP). The results of physical examinations (cardiovascular
and respiratory systems and abdomen) were normal. Septic
fever was present. Blood chemistry values were as follows:
ESR = 125 mm/h, haematocrit = 31%, hb = 10.7 g/l,
white blood cell count = 4.100 G/l, platelets = 325.000
G/l, CRP = 351 mg/l, and uric acid = 471 µmol/l. The
haemoculture was negative and procalcitonin was 0.07
ng/ml. The bacteriology (pharynx, sputum and urine) and
virology (CMV, EBV, Coxackie and adenovirus) tests were
negative.
The chest X-ray (2003-09-09) revealed moderately
increased interstitial shadowing with a ring-like
consolidation in both lungs (predominantly in the right),
without cardiac or aortic abnormalities. The followup chest X-ray revealed progression (Figure 1). Despite
the discontinuation of AZA, progressive interstitial
inflammation was detected in both lungs. The patient was
treated with 1 g/d clarithromycin intravenously and 12
mg methylprednisolone orally. He was transferred to the
intensive care unit because of the possibility of a severe
opportunistic infection or an autoimmune disease. AZAassociated pneumonitis was also suspected.
His respiratory failure was treated in the intensive
care unit. Dyspnoea occurred on minor exertion, the
patient had orthostatic hypotension, and he was weak. On
physical examination, the liver was palpable 2 cm beyond
the costal margin. Except for dyspnoea nothing abnormal
was detected. Blood chemistry showed ESR = 120 mm/h,
haematocrit = 26%, hb = 90 g/l, white blood cell count
= 2.970-3.200 G/l, platelets = 426.000 G/l, SGOT =
246 U/l, SGPT = 91 U/l, gamma GT = 600 U/l, LDH
= 1125 U/l, and procalcitonin = 0.07 ng/l. Nasal oxygen

317

Figure 2 Chest X-ray (2003-09-14) showing significant progression and volume
loss in both lungs. A palm-sized homogeneous consolidation developed in the
central part of the lung, a marked interstitial enhancement was seen in other parts
of the lung. The radiological image suggested ARDS. The heart was enlarged.

supplementation was initiated, and a bronchial lavage
sample was collected from the lower respiratory tract
under anaesthesia. Arterial blood gas analyses displayed
pH = 7.455, pCO2 = 33.0, pO2 = 50.9 mmHg, and sO2
= 86.2%. Two days later the corresponding values of
pH, pCO2, pO2, and sO2 were: 7.394%, 41.7%, 75.1% and
94.0%, respectively. Neither typical nor atypical pathogens
were detected in bacteriology samples. CMV PCR and
Legionella IgM-IgG were also negative.
The follow-up chest X-ray examination (Figure 2),
revealed a significant progression of the interstitial
shadowing in both lungs. A palm-sized homogeneous
consolidation was seen in the hilar area and marked
interstitial shadowing in the remaining parts of the
lungs. The radiological appearance was suggestive of
acute respiratory distress syndrome (ARDS). Cardiac
enlargement was demonstrated.
The chest CT examination revealed a 2-cm wide pleural
effusion with increased alveolar/air-space shadowing
bilaterally. The X-ray and CT examinations suggested
ARDS. A needle biopsy was performed from the apex of
the right lung. The histology showed intraluminal myxoid
polyps (Masson bodies) in the alveoli (Figures 3,4,5).
Vasculitis and Pneumocystis carinii infection were excluded.
The results of the histology and immuno-histochemistry
sug g ested a diagnosis of bronchiolitis obliterans
organizing pneumonia (BOOP), but hypersensitivity
pneumonitis was also regarded as a possibility. After
sulphametoxasol/trimetroprim and methylprednisolone
therapy, his condition gradually improved (Figure 6),
and his liver and renal functions became normal. At the
time of discharge, he was treated with 3 g sulphasalazine,
1 g sulphamethoxazole/trimethroprim and 8 mg
methylprednisolone daily.
Three months later (2004-09-01) only mild dyspnoea
occurred on exertion, but he had 8-10 liquid stools daily,
occasionally with some blood on the surface of faeces.
He had neither fever nor extraintestinal symptoms. The
results of chest and heart examination were normal, but
the sigma was tender. Corticosteroid therapy was restarted
with 64 mg/d methylprednisolone. Blood chemistry
www.wjgnet.com
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Figure 3 Histology of lung needle
biopsy (HE, 112 ×).

Figure 4 Histology showing the pathognomic Masson bodies for BOOP and
polypous proliferation of new connective tissue in the alveolus (trichrome, 224 ×).

Figure 5 Immunohistochemistry for the expression of CK 7. Interstitial fibrosis and
proliferation of type II pneumocytes are apparent (224 ×).

showed serum Fe = 21.3 µmol/l, uric acid = 461 µmol/
l, gamma GT = 121 U/l, cholesterol = 7.75 mmol/l,
triglyceride = 2.3 mmol/l, white blood cell count = 7. 870
G/l and platelets = 223. 000 G/l. Pulmonary functions
were VC = 110%, RV = 109%, spirometry FVC = 104%,
FEV1 = 112%. The diffusion capacity values (DLCO =
74%, DLCO/VA = 60%) suggested a slightly decreased
diffusion capacity. The chest X-ray revealed a further
improvement of the lung volume. Interstitial shadowing
was still present in the perihilar region of the lungs.
Colonoscopy could only be carried out to 20 cm because
of the pain and active colitis. The surface of mucosa
was reddish, vulnerable and ulcerated, corresponding to
active ulcerative colitis. In view of his previous history,
proctocolectomy had to be considered. The first surgical
intervention was carried out a month later and, after the
ileal-pouch anal anastomosis (IPAA), the temporary anus
prae was closed in August 2004. He had no complaints
after the operation, produced 4-5 stools daily and was not
on any medication.

the maintenance of remission in ulcerative colitis. In their
study, seventy-nine patients who had been taking AZA
for 6 mo were then divided into two groups. One of the
groups continued to receive the therapy while placebo was
administered to the patients in the other. The relapse rate
was 36% in the AZA-treated group and 59% in the placebo group.
The mechanism of action of AZA is unknown. In
IBD, the drug decreases the number of lamina propria
plasma cells and alters the functions of lymphocytes and
natural killer cells.
The therapeutic effect has been explained by the apoptosis-inducing behaviour of the drug. Tiede et al[7] considered that 6-thioGTP, a metabolite of AZA, could alter the
apoptosis of T cells. The metabolite inhibits the activation
of certain genes inside the cells, and induces apoptosis via
a mitochondrial path.
Bedrossian et al[8] have noted bilateral lung infiltration
with a reduced pO2 in 7 kidney-transplanted patients treated with AZA, which was not cured by antibiotic therapy.
In their study, lung biopsy revealed an abnormal histology,
which varied from diffuse alveolar damage to interstitial
pneumonia and pulmonary fibrosis. No immune deposition, eosinophilia, vasculitis or granuloma could be detected, and the bacteriologyical findings were negative. When
AZA was withdrawn from the treatment, the infiltration
was significantly diminished in 2 patients who exhibited
diffuse alveolar damage, but 4 patients diagnosed as interstitial pneumonitis, died of ARDS. The biopsies revealed
hyaline membranes, intraalveolar oedema and damage to

DISCUSSION
In IBD patients, AZA treatment is worth starting if the
patient is steroid-refractory (the effective dose does not
lead to remission) or steroid dependent (discontinuation
of the steroid causes a relapse)[5]. The first clinical results
were inhomogeneous as concerns efficacy, because of
the long time until the onset of action. Hawthorne et al[6]
have proven the beneficial effect of the medication on
www.wjgnet.com
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Figure 6 Chest X-ray (2003-10-15) showing improvement of lung volumes. Reticular enhancement of the middle part of the lungs is still present.

the alveolar epithelium in those who received low doses of
AZA, and atypical epithelial hyperplasia, reorganization of
the distal air spaces and fibrosis in the cases treated with
high doses of AZA. Histologically the changes observed
could not be distinguished from the characteristic changes
caused by other pulmonary toxic drugs.
In our case, AZA treatment, initiated because of the
common and serious relapses of extensive ulcerative colitis, ensured a good condition for almost 10 years. The
patient was hospitalized because of a severe relapse in
June 2003, but at that time no pulmonary abnormality was
found. Remission was achieved with intravenous corticosteroid therapy. Three months later (2003-09-09), the patient presented with cough, catarrhal signs and pulmonary
infiltration. We initially thought of concomitant infection,
which may be expected during immunosuppressive treatment. In consequence of earlier therapy the pancolitis
was in remission. After admission, the dose of AZA was
reduced, and doxycycline was changed to chlarythromycin. However, despite his good general condition and the
conventional treatment, the pulmonary infiltration rapidly
deteriorated. Dyspnoea developed, which necessitated
intensive care. Concomitant infection was not confirmed
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by the diagnostic examinations, and broad-spectrum antibiotics were proven ineffective. The lung biopsy results
and the clinical features strongly suggested that he had
AZA-associated interstitial pneumonia. Other causes of
BOOP, such as eosinophilic pneumonia, vasculitis, irradiation, nitrofurantoin, gold, amiodarone and methotrexate,
were excluded. In view of the results, AZA treatment was
discontinued, oral corticosteroid medication was continued and the patient’s condition gradually improved. Three
months later (December 2003), ulcerative colitis relapsed.
In view of the clinical course of ulcerative colitis (frequent
recurrences and AZA-induced interstitial pneumonitis),
proctocolectomy was recommended. After surgery, the patient’s condition normalized without any further treatment.
In summary, in cases of atypical pneumonia without a
proven opportunistic infection, AZA-associated interstitial
pneumonitis may be present, which heals after withdrawal
of the drug.
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Abstract
Ly m p h a n g i o m a s a re ra re , b e n i g n t u m o r s o f t h e
lymphatic system, usually present in children aged 5
years and younger. Because they are asymptomatic
until the mass enlarges to cause symptoms, most
lymphangiomas are diagnosed at adulthood incidentally.
We experienced a case of a 60-year-old man diagnosed
with a cystic lymphangioma of the gallbladder, which
was successfully resected without any complication.
Magnetic resonance imaging and magnetic resonance
cholangiopancreatography were very helpful for the
diagnosis of the cystic lesion around the gallbladder
as were ultrasonography and computed tomography
scan. These showed a multi-lobulated cystic mass with
intact cystic duct and bile duct in the gallbladder fossa.
The patient underwent an open cholecystectomy and
the histological findings were consistent with a cystic
lymphangioma of the gallbladder. We here report the
case of cystic lymphangioma of the gallbladder with a
review of the literature.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Lymphangiomas are uncommon benign congenital
malformations of the lymphatic system[1-3]. About 95%
lymphangiomas occur in the skin and the subcutaneous
tissues of the head, neck and axillary region and the
remaining 5% appear in other parts of the body such
as lungs, pleura, pericardium, esophagus, stomach,
jejunum, colon, pancreas, liver, gallbladder, kidney, and
the mesentery[3-5]. Because most lymphangiomas are multicystic, lobulated lesions, they may be confused with other
lesions, such as intrahepatic simple cysts, ductal ectasia,
liver hemangiomas, pericholecystic cystic tumors or
angiosarcomas. Various imaging studies are often required
for accurate diagnosis and to differentiate gallbladder
lymphangiomas from other lesions[3,6,7]. Recently, magnetic
resonance imaging (MRI) and magnetic resonance
cholangiopancreatography (MRCP) have been shown to be
helpful for the characterization of the lesions as well as an
evaluation of the relation to the adjacent organs. Complete
surgical resection is the treatment of choice for gallbladder
lymphangioma, and recently successful laparoscopic
resection also has been reported[8].

CASE REPORT
A 60-year-old man was admitted to Hallym University
Sacred Heart Hospital for treatment of aspiration
pneumonia. He presented a high fever, chills and
coughing, and had no abdominal pain or discomfort.
Chest computed tomography (CT) scan for evaluation of
the pneumonia unexpectedly showed a large lobulating low
density lesion in the liver near the gallbladder in addition
to pneumonic infiltration of the lungs. The patient was
referred to our department for evaluation of the large
cystic lesion. Abdominal ultrasonography (US) showed a
hypoechoic mass encircling the gallbladder lumen in the
liver (Figure 1). Abdominal CT showed an approximately
5.2 cm-sized multi-lobulated cystic mass, insinuating
gallbladder lymphangioma, between the liver and the
gallbladder bed (Figure 2). Abdominal MRI was performed
for the characterization and anatomical evaluation of the
lesion. Axial T2-weighted image showed an intact lumen
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Figure 1 Abdominal ultrasonography showing multi-loculated cystic mass and
intact gallbladder lumen.

Figure 3 Axial T2-weighted magnetic resonance (MR) image showing a thin multiseptated cystic mass (high-signal intensity) with scalloping margin.

of the gallbladder (low-signal intensity) surrounded by
a thin multi-septated cystic mass (high-signal intensity)
with scalloping margin (Figure 3). This finding strongly
suggested a lymphangioma arising from the lymphatic
tissue of the gallbladder wall. MRCP also clearly showed
a large multi-cystic gallbladder lymphangioma in the
gallbladder fossa (Figure 4). Characteristically, the cystic
duct and bile duct were completely separated from the
lymphangioma, and were well preserved. Additionally, the
gallbladder was obviously visualized and its contraction
was g rossly nor mal (ejection fraction = 89%) on
hepatobiliary DISIDA scan.
An open cholecystectomy was perfor med after
resolution of the pneumonia. At surgical exploration, a
well-defined multi-lobular cystic tumor encapsulating the
gallbladder was observed. Grossly the tumor was measured
5.5 cm × 4.3 cm × 3.5 cm in size and was clearly separated
from the liver. When the tumor was cut off from the
surface, the gallbladder mucosa was intact and varioussized multiple cysts were shown. Each cyst was filled
with serous or hemorrhagic lymphatic fluid. Histological
evaluation revealed a flat endothelial lining encircling each
cyst and multiple lymphocyte aggregations beside the cyst
(Figure 5). This demonstrated that the cyst was a lymphatic
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Figure 2 Abdominal computed tomography (CT) image showing a low-density
multilocular cystic lesion with septation originated from the gallbladder fossa.

Figure 4 Magnetic resonance cholangiopancreatography (MRCP) image showing
gallbladder encapsulated by variable sized multi-cystic lesions, which have no
communication with biliary system.

space. The lesion was diagnosed as a cystic lymphangioma
of the gallbladder because it had no connection with
adjacent normal lymphatics. CT at 12 mo following the
surgical resection showed no evidence of recurrence.

DISCUSSION
Lymphangiomas are benign tumors that may appear in any
organ of the body except the brain. It more commonly
involves the skin and soft tissue of the head and neck
(95%), and lymphangioma occurring in the gastrointestinal
tract is rare. A lymphangioma arising from the gallbladder
is extremely rare, representing only 0.8%-1% of all intraabdominal lymphangiomas[1-5], and only a few cases have
been reported. Lymphangiomas are classified as simple,
cavernous, and cystic types based on their histological
findings [3,6,9-11] . The simple type is usually situated
superficially in the skin and is composed of small thinwalled lymphatic vessels. The cavernous type is composed
of dilated lymphatic vessels and lymphoid stroma, and
has a connection with spaces of various normal adjacent
lymphatics. The cystic type consists of lymphatic spaces
www.wjgnet.com
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Figure 5 Gross appearance of resected specimen showing a well-marginated
multi cystic lesion filled with yellowish fluid, and microphotograph from the
cholecystectomy specimen showing a lymphatic space lined with flat endothelium
(hematoxylin and eosin staining, ⅹ12.5).

of various sizes that contain fascicles of smooth muscle
and collagen bundles, but has no connection with adjacent
normal lymphatics[11,12].
The etiology of lymphangiomas could be explained by
several theories[1,6]. The most powerful one is that it is a
congenital abnormality of the lymphatic system. Failure to
establish connection with the normal drainage vessel causes
sequestration of lymphatic tissue during embryogenesis.
This theory would explain why lymphangioma occurs
primarily in children. However, other views suggest that
secondary causes such as abdominal trauma, lymphatic
obstruction, inflammatory processes, surgery, or radiation
therapy may lead to the formation of lymphangiomas[1,6].
Clinical presentations of these tumors are variable.
Most cases are asymptomatic or have non-specific
symptoms, such as nausea, vomiting, dyspepsia, abdominal
discomfort or a palpable mass. In the past it was somewhat
difficult to diagnose a lymphangioma before surgical
or histological identification. Preoperative diagnosis of
gallbladder lymphangioma remains difficult because it is
very rare, and sometimes imaging studies such as US and
CT cannot distinguish it from other lesions. The findings
of US and CT show a large cystic lesion, but it is difficult
to find where the lesion originates from and to understand
its relation to surrounding organs.
www.wjgnet.com
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However recently, various advanced imaging studies,
especially MRI and MRCP, can support the diagnosis of
lymphangiomas more easily before exploration[1,6,7]. US
seems to be useful in defining the mass as a multilocular
cystic lesion, but often does not distinguish between a
hepatic lesion and a pericholecystic lesion. CT shows a
simple or multilocular cystic lesion with the density of
water. The septa of the cysts are of uniform thickness.
Administering contrast agents intravenously can enhance
the wall of the cysts [6]. However, the findings of CT
of previous reports only showed cystic lesion in the
gallbladder fossa or inferior to the liver, but could not
show that the lesion was arising from the gallbladder.
Moreover, the gallbladder was not visible due to cystic
lesions in most of them, as was evident in the present
case. Although hemorrhage within the lymphangioma was
readily noted on follow-up CT, it might have been difficult
to differentiate it from an intracystic solid lesion if the case
was initially presented after hemorrhage[6].
In our study, MRI and MRCP are very helpful for
making the correct diagnosis. One recent report described
the MR findings of gallbladder lymphangiomas based
on the findings of splenic cystic lymphangiomas[6]. This
report suggested that characteristic MR findings would be
very helpful for the differential diagnosis of gallbladder
lymphangioma, and characterizing the mass even if the
cystic lesion was complicated by intracystic hemorrhage.
Axial T1- and T2-weighted and coronal MR images clearly
depicted the lumen of the gallbladder and the multiseptated
cystic mass originating in the gallbladder wall. MR imaging,
including MRCP, clearly defined the mass and its relation to
the gallbladder. The characteristic thin-walled multilocular
cystic appearance was clearly depicted on MR imaging and
was helpful for making the correct diagnosis[1,3,6,7]. MRCP
characteristically showed that the cystic duct and bile duct
were well preserved and were completely separated from
the lymphangioma, as the finding of the present case. This
was the typical feature of such lymphangiomas that had no
communication between the mass and the biliary system.
Therefore, if a gallbladder lymphangioma is suspected,
MRI and MRCP should be recommended.
For the management of lymphangiomas, complete total
surgical excision is known to be the standard treatment.
If the mass g rows large to compress sur rounding
structures and vessels, it can cause significant symptoms
and morbidities. Furthermore, if it progresses to be
complicated, intra-abdominal infection, rupture, torsion
or hemorrhage can occur. A recent report suggested
that two cases of gallbladder lymphangiomas were
successfully treated by laparoscopic cholecystectomy, even
though their size was more than 15 cm in diameter [8].
While we did not perform laparoscopic cholecystectomy,
laparoscopic resection was possible because the lesion
was relatively small compared to the previous report and
was easily separated from the adjacent organs at surgical
exploration. However, in a recent case, en bloc resection
of the extrahepatic bile duct including the gallbladder
was necessary because a huge cystic lesion adhered to the
entire extrahepatic bile duct anteriorly and posteriorly,
and part of the cyst also adhered to the right hepatic
artery[1]. Therefore, laparoscopic resection was preferably
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performed after evaluation of the extent of the cystic
mass and its relation to adjacent organs. Recurrence has
been reported with incomplete resection, but if the lesion
is completely resected, long-term prognosis is excellent[12].
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Abstract
Currently, pharmaceutical preparations are serious
contributors to liver disease; hepatotoxicity ranking as
the most frequent cause for acute liver failure and postcommercialization regulatory decisions. The diagnosis of
hepatotoxicity remains a difficult task because of the lack
of reliable markers for use in general clinical practice.
To incriminate any given drug in an episode of liver
dysfunction is a step-by-step process that requires a high
degree of suspicion, compatible chronology, awareness
of the drug’s hepatotoxic potential, the exclusion of
alternative causes of liver damage and the ability to
detect the presence of subtle data that favors a toxic
etiology. This process is time-consuming and the final
result is frequently inaccurate. Diagnostic algorithms
may add consistency to the diagnostic process by
translating the suspicion into a quantitative score. Such
scales are useful since they provide a framework that
emphasizes the features that merit attention in cases
of suspected hepatic adverse reaction as well. Current
efforts in collecting bona fide cases of drug-induced
hepatotoxicity will make refinements of existing scales
feasible. It is now relatively easy to accommodate
relevant data within the scoring system and to delete
low-impact items. Efforts should also be directed toward
the development of an abridged instrument for use in
evaluating suspected drug-induced hepatotoxicity at the
very beginning of the diagnosis and treatment process
when clinical decisions need to be made. The instrument
chosen would enable a confident diagnosis to be made
on admission of the patient and treatment to be fine-

tuned as further information is collected.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Idiosyncratic liver disease caused by drugs or toxins is a
major challenge of modern hepatology, and is a somewhat
neglected field as well. The reasons for this are varied.
Firstly, hepatotoxicity is rarely encountered in standard
clinical practice because of its relatively low incidence
compared to other hepatic diseases and the difficulties
in confidently diagnosing the condition. Secondly, there
have not been substantial advances in recent decades in
the understanding of its pathogenesis, which is mostly due
to the lack of validated animal models for investigating
idiosyncratic hepatotoxicity. As such, susceptibility factors
that can predispose individuals to adverse hepatic reactions
to drugs have not been conclusively identified, nor has
there been any development of reliable and standardized
markers for the identification and measurement of toxic
liver damage[1]. Co-operative efforts are being encouraged
so as to prospectively collect bona fide cases from which
quality data and biological samples could be obtained for
genome-wide studies[2,3].
Hepatotoxicity has a considerable impact on health
because many of the hepatic reactions induced by
pharmaceutical preparations can be very severe. A survey
from the Acute Liver Failure Study Group (ALFSG) of
the patients admitted in 17 US hospitals showed that
prescribed drugs (including acetaminophen) accounted
for > 50% of cases of acute liver failure[4]. Indeed, druginduced hepatotoxicity is still the main reason for cessation
of further drug development and, as well, for postapproval drug regulatory decisions including removal of
several culprit drugs from the market[5]. Recent examples
www.wjgnet.com
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in the USA and Europe are troglitazone, bromfenac,
trovafloxacin, ebrotidine, nimesulide, nefazodone and
ximelagatran[6-8].

CLINICAL PRESENTATION OF DRUGINDUCED HEPATOTOXICITY
In standard clinical practice, drug-induced hepatotoxicity
may present in several ways (clinical and pathological)
that simulate known forms of acute and chronic liver
diseases; the severity ranging from sub-clinical elevations
in liver enzyme concentrations to acute liver failure.
Gastroenterologists need to bear hepatotoxicity in mind
when conducting a differential diagnosis in every patient
who presents with liver dysfunction. Mainly, drugs tend
to induce acute hepatitis, cholestasis or a mixed condition.
A clinical picture resembling acute viral hepatitis with
jaundice, malaise, anorexia, nausea and abdominal pain
is the principal presentation but, because every liver cell
may be the target of drug-induced toxicity, many other
expressions of hepatotoxicity may be evident including
chronic hepatitis, cirrhosis, sinusoidal obstruction syndrome
or neoplasm[9].
Liver histology (although not very specific and at best
resulting in “compatible with”) is the ideal tool to date for
defining the pattern of hepatotoxicity. However, since a
liver biopsy specimen is often not available, the pattern
of drug-related liver injury is, from a practical standpoint,
classified according to laboratory data. This mainly
includes the activity of serum alanine aminotransferase
(ALT) and alkaline phosphatase (AP) with the increase in
activity being expressed with respect to the upper limit of
normal (ULN) and the ratio of the measured activities[10].
This classification is somewhat arbitrary and insufficient
in classifying all types of drug-induced liver damage (e.g.
vascular lesions and chronic damage, in general), however,
the system does have some prognostic value.
Acute hepatocellular (e.g., cytotoxic, cytolytic) liver
injury is defined by ALT > 2-fold that of ULN (2N) or
an ALT/AP ratio ≥ 5 [10]. Patients with this particular
type of liver damage have non-specific clinical features,
and jaundice is not always evident. Sometimes there are
clues of drug allergy, such as fever, rash or peripheral
eosinophilia. Ser um levels of aminotransferase are
markedly increased. Liver histology shows variable degrees
of cell necrosis and inflammation, mainly in zone 3 of the
hepatic accini together with an abundance of eosinophils in
the infiltrate, which is consistent with a toxic etiology[9,11-14].
These expressions of hepatotoxicity are observed with
many drugs (Table 1). Patients with acute hepatocellular
injury related to drugs are at risk of acute liver failure.
The observation by Hyman Zimmerman, known as “Hy’s
rule”[9], predicts a mean mortality (or its surrogate marker,
liver transplantation) of 10% for jaundiced patients with
acute toxic hepatocellular damage (providing total bilirubin
is not elevated as a result of other causes such as biliary
obstruction or Gilbert syndrome). Two recent studies[3,15]
have validated this observation using multivariate analysis,
and they indicated that, apart from total bilirubin and the
hepatocellular-type of injury, other variables such older
age, female gender and AST levels were independently
www.wjgnet.com
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associated with a poor outcome[3,15].
Acute cholestatic injury, defined as an increase in
serum AP > 2N or by an ALT/AP ≤ 2 is classified into
two subtypes: pure, “bland” or canalicular cholestasis; and
acute cholestatic or hepatocanalicular hepatitis. Patients
with acute cholestasis usually present with jaundice
and itching. The canalicular pattern is characterized by
an increase in conjugated bilirubin, AP and γ-glutamyl
transpeptidase (γ-GT) with minimal, if any, impairment
in serum transaminases. Liver biopsy shows hepatocyte
cholestasis and dilated biliary canaliculi with bile plugs, but
with little or no inflammation and necrosis[14]. Anabolic
and contraceptive steroids typically produce this expression
of hepatotoxicity.
Symptoms in the hepatocanalicular type of damage
include abdominal pain and fever and, as such, resemble
acute biliar y obstr uction. However, the associated
hypersensitivity features that sometimes occur are an
important clue toward the diagnosis of hepatotoxicity.
L ive r b i o p s y r e ve a l s va r i a b l e d e g r e e s o f p o r t a l
inflammation and hepatocyte necrosis, in addition to
marked cholestasis of centrilobular predominance[9,11,14].
Older age has been found to increase the likelihood of
drug-induced hepatotoxicity being expressed as cholestatic
damage [3,16]. Typical examples of drugs that cause this
variety of liver damage are amoxicillin-clavulanate,
macrolide antibiotics and phenothiazine neuroleptics, but
many others have a similar capacity (Table 2).
In mixed hepatic injury the clinical and biological
picture is intermediate between the hepatocellular and
cholestatic patterns, and features of either type may
predominate. By definition, the ALT/AP ratio is between
2 and 5. Allergy reactions are often present, as well as
a granulomatous reaction in the liver biopsy specimen.
When faced with a mixed hepatitis clinical picture, the
gastroenterologists should always seek a culprit medication
since this type of injury is far more characteristic of druginduced hepatotoxicity than of viral hepatitis[9]. Almost all
drugs that produce cholestatic injury are also capable of
inducing a mixed pattern.
Although dr ug-induced cholestatic and mixed
lesions progress to acute liver failure less frequently than
hepatocellular types, their resolution is generally slower.
For example, a long-term follow-up of a large cohort in a
Registry demonstrated a significantly higher trend towards
becoming chronic in cholestatic/mixed cases compared to
hepatocelullar-type disease[17].

DIAGNOSIS IN THE CLINICAL SETTING
A straightforward diagnosis of hepatotoxicity in clinical
practice is seldom possible. An exception is when
symptoms of hepatitis rapidly ensue following the obvious
exposure to an over-dosage of intrinsic hepatotoxins,
such as acetaminophen. In these circumstances, blood
concentrations of the compound could be used to confirm
the suspicion. In a few other instances the diagnosis can be
easily established if liver damage becomes apparent after
re-exposure to a drug that had been suspected as being the
cause of previous hepatitis. This topic of re-challenge is
discussed in more detail later.
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Table 1 Medications, herbal products and illicit drugs related to the hepatocellular-type of damage
Compound

Other injury

Comments

Acarbose

FHF

Allopurinol

Granuloma

Amiodarone

Phospholipidosis, cirrhosis

Hypersensitivity

Amoxicillin, Ampicillin
Anti-HIV: (Didanosine, Zidovudine, protease inhibitors)
NSAIDs (AAS, Ibuprofen, Diclofenac, Piroxicam, Indometacin)

Nimesulide; withdrawn

Asparaginase

Steatosis

Bentazepam

Chronic hepatitis

Chlormethizole

Cholestatic hepatitis

FHF

Cocaine, Ecstasy and amphetamine derivatives

FHF

Diphenytoin

Hypersensitivity

Disulfiram

FHF

Ebrotidine

Cirrhosis

Fluoxetine, Paroxetine

Chronic hepatitis

FHF

Flutamide

FHF

Halothane
Hypolipemics; Lovastatin, Pravastatin, Simvastatin, Atorvastatin
Isoniazid

Granuloma, chronic hepatitis

Ketoconazole, Mebendazole, Albendazole, Pentamidine

FHF
FHF

Mesalazine

Chronic hepatitis

Methotrexate

Steatosis, fibrosis, cirrhosis

Minocycline

Chronic hepatitis, steatosis

Nitrofurantoin

Chronic hepatitis

Nefazodone

Autoimmune features
Autoimmune features
FHF, withdrawn

Omeprazole
Penicillin G

Prolonged cholestasis

Pyrazinamide
Herbal remedies

FHF

Germander (Teucrium chamaedrys), senna
Pennyroyal oil, kava-kava
Camellia sinnensis (green tea); Chinese herbal medicines
Risperidone
Ritodrine
Sulfasalazine

Hypersensitivity

Telithromycin
Terbinafine

Cholestatic hepatitis

FHF

Tetracycline

Micro-steatosis

FHF

Tolcapone

FHF, withdrawn

Topiramate
Trazodone

Chronic hepatitis

Trovafloxacin
Valproic acid

FHF, withdrawn in Europe
Micro-steatosis

Venlafaxine
Verapamil

Granuloma

Vitamin A

Fibrosis, cirrhosis

Ximelagatran

FHF, discontinued

Features of hypersensitivity include fever, rash and eosinophilia; FHF: Fulminant hepatic failure.

Direct evidence for idiosyncratic hepatotoxicity is rarely
available. This includes, for a few drugs, the detection
of serum circulating autoantibodies to specific forms of
cythocrome P450 (Table 3). Most of these drugs have
been withdrawn from the market. This circumstance, in
addition to uncertainty regarding sensitivity and specificity
of the autoantibody test, makes such a situation irrelevant
in current clinical practice[18].
Another tool that has been used in the search for
evidence of drug allergy is the lymphocyte-stimulation

test. This comprises counting of lymphocyte proliferation
following exposure of peripheral blood mononuclear
cells (monocytes) from the patient to the suspected drug
in vitro. Using radiolabel led thymidine incorporation
in the presence of a prostaglandin inhibitor (such as
indometacin), prevents the suppressive influence of
activated monocytes on T-cells[19,20]. However, a positive
response merely indicates sensitization towards a certain
drug and cannot actually be related to effector mechanisms
(symptoms) while, on the contrary, a negative test does
www.wjgnet.com

332

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 2 Medications associated with the cholestatic-type damage
Compound

Other injury

Comment

Cholestasis without hepatitis (canalicular/bland/pure jaundice)
Estrogens, contraceptive steroids and anabolic-steroids (Budd-Chiari,
adenoma, carcinoma, peliosis hepatitis, adenoma, carcinoma)
Cholestatis with hepatitis (hepatocanalicular jaundice)
Amoxicillin-clavulanic acid

Chronic cholestasis

Atorvastatin

Chronic cholestasis

Azathioprine

Chronic cholestasis

VBDS

Benoxaprofen (withdrawn)
Bupropion

January 21, 2007
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Table 3 Autoantibodies specific to drug-induced hepatotoxicity
Autoantibody

Example

Anti-mitochondrial (anti-M6) autoantibody

Iproniazid

Anti-liver kidney microsomal 2 antibody (anti-LKM2)

Tienilic acid

Anti CYP 1A2

Dihydralazine

Anti CYP 2E1

Halothane

Anti-liver microsomal autoantibody

Carbamazepine

Anti-microsomal epoxide hydrolase

Germander

CYP: Cytochrome P450.

Chronic cholestasis

Captopril, enalapril, fosinopril
Carbamazepine

Chronic cholestasis

VBDS

Liver disease

Carbimazole

Suspicion

Cloxacillin, dicloxacillin, flucloxacillin
Clindamycin

Chronic cholestasis

Ciprofloxacin, norfloxacin
Cyproheptadine

Chronic cholestasis

VBDS

Chronic cholestasis

VBDS

Drug exposure data
and chronology

Diazepam, nitrazepam
Erythromycins

Not compatible

If compatible assess
Hepatotoxic potential

Gold compounds, penicillamine
Herbal remedies:
Chaparral leaf (Larrea tridentate); Glycyrrhizin, greater celandine
(Chelidonium majus)
Irbesartan

Chronic cholestasis

Lipid lowering agents (“statins”)

Not found

Macrolide antibiotics
Mianserin
Mirtazapine

Chronic cholestasis

Phenotiazines (chlorpromazine)

Chronic cholestasis

Rosiglitazone, oioglitazone
Chronic cholestasis

Sulfamethoxazole-trimethoprim Chronic cholestasis
Sulfonamides

Found

Assess features suggesting drug-toxicity
Allergic manifestations
Specific therapy
Course on de-challenge
Look for possible unintentional re-challenge data
Liver biopsy findings (if performed) and biochemical “signature”

Robecoxib, celecoxib
Roxithromycin

Search for an alternative diagnosis

VBDS

Figure 1 Approaching a suspicion of drug-induced hepatotoxicity.

Chronic cholestasis

Sulfonylureas (Glibenclamide, Chlorpropamide)
Sulindac, piroxicam, diclofenac, ibuprofen
Terbinafine

Chronic cholestasis

Tamoxifen

Hepatocellular, peliosis
Chronic cholestasis

Tetracycline

Chronic cholestasis

Ticlopidine & Clopidogrel

Chronic cholestasis

Thiabendazole
Tricyclic antidepressants
(Amitriptyline, Imipramine)

VBDS

VBDS
Chronic cholestasis

Sclerosing cholangitis-like

Floxuridine (intra-arterial)

Cholangiodestructive
(primary biliary cirrhosis)

Chlorpromazine, ajmaline

VBDS

VBDS: Vanishing bile duct syndrome.

not exclude drug allergy [21]. Finally, these in vitro tests
are difficult to standardize, are poorly reproducible
between laboratories, and have not gained general clinical
acceptance[20,21].
Hence, in the absence of an acceptable and convenient
gold standard, the diagnosis is subjective and is made with
varying levels of confidence based on a combination of
factors including temporal associations and with respect
to latency, the rate of improvement after cessation of the
drug, and the definitive exclusion of alternative possible
causes[22]. Confounding features include multiple drugs
www.wjgnet.com

prescribed for many patients, lack of information on doses
consumed as well as stop and start dates [23]. A careful
“step-by-step” approach should proceed according to the
outline in Figure 1[24].
Screening for drug exposure and assessment of its
hepatotoxic potential
A thorough dr ug and chemical histor y is essential,
including prescribed and over-the-counter medications
as well as consumption of illicit (recreational) drugs.
Soliciting medication containers or a written medication
plan, when available, assists the patient’s recall and reduces
errors[3]. In unconscious or confused patients or in those
who are able to collaborate with the physician, the relatives
or care-givers should be consulted.
The question that needs to be addressed is whether
the treatment had commenced well before symptom
presentation or in the early phase of hepatitis. This is
because the suspected drug could actually have been
prescribed to alleviate the first symptoms of hepatitis, such
as gastrointestinal complaints or malaise. If this is not the
case, duration of therapy with the suspected drug must
be screened. Liver tests, if performed before starting the
drug, can be very valuable in the patient’s assessment. The
latency period of different drugs varies widely. However,
there is a relatively consistent “signature” for each drug
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which is linked to the mechanism of damage involved.
Details can usually be elicited from the patient. For
instance, intrinsic hepatotoxins induce overt liver damage
within a few hours of exposure. In most idiosyncratic
cases, the latency period is roughly between 1 wk and 3
mo. In general, allergic hepatic reactions are likely to occur
within 1 to 5 wk of taking the drug.
A delay of > 3 mo is typically seen with compounds
that act by non-allergic mechanisms; i.e. “metabolic
idiosyncrasy”. While drug-induced acute hepatitis seldom
occurs after > 12 mo of exposure, these long latencyperiods are still possible in unusual forms of chronic liver
damage (such as steato-hepatitis, fibrosis and chronic
hepatitis) in which the expression of hepatotoxicity is
symptom-less and which allows the contra-indicated
treatment to continue[25-31], or simply because the type of
lesion requires prolonged exposure to become manifest (e.g.
vascular lesions and tumors)[32,33].
In some instances the role of a dr ug is difficult
to recognize because of a considerable delay (up to
3 or 4 wk) between the interruption of therapy and
clinical presentation of the condition. Examples
include amoxicillin-clavulanate [34], midecamycin [35] and
trovafloxacin[36]. The reasons for this are unclear and could
be that such an unusual time-course might combine a late
immune response to the drug if its retention in the body is
protracted[37].
There is no clear rule in identifying the culprit drug if
the patient is taking various medications simultaneously.
Attention should be paid to the latest drug introduced
into the patient’s regimen since this is the one that is
likely to have stimulated the reaction. However, when a
known hepatotoxic drug antedates the latest medication
introduced then it seems reasonable to ascribe the clinical
picture to the combination of the drugs because of the
possibility of pharmaco-kinetic interaction[3,38].
With respect to the hepatotoxic potential of screened
drugs, their potentials for causing liver damage are not
the same, and almost all marketed medications have
been incriminated in incidences of hepatotoxicity [39].
For instance, some drugs like isoniazid, diclofenac, and
amoxicillin-clavulanate are well-known hepatotoxic
agents[3] while others such as digoxin rank very low on the
list of hepatotoxins[9]. The main causative group of drugs,
in a large cohort of hepatotoxicity cases collected in the
Spanish Registry, was antibiotics followed by non-steroidal
anti-inflammatory drugs (NSAIDs) [3]. Further, among
the drugs most-frequently associated with idiosyncratic
acute liver failure reported by the ALFSG, were antibiotics
(particularly isoniazid), non-steroidal analgesics, antiseizure medications and herbal preparations[40].
Valuable information can be accessed from databases
of hepatotoxic drugs, such as HEPATOX from France[39],
lists in reference textbooks [9,11,41] or more up-to-date
resources such as MEDLINE-PubMed database of the
National Library of Medicine where MESHing the name
of the drug together with the terms “hepatotoxicity,”
“hepatitis,” “drug-induced hepatotoxicity,” or simply “liver”
can provide useful details.
If the patient has been taking a newly marketed drug,
the data on its hepatotoxic potential, if known, would
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only be available in pre-approval clinical trials (usually
involving 1500-2500 patients). This size of trial would not
have the power to detect significant (clinically overt) liver
disease since finding hepatotoxicity with an incidence of
1:10 000 (the approximate incidence of most idiosyncratic
reactions) would require 30 000 patients to be treated in
the trial (“rule of threes”)[42]. Nevertheless, the appearance
of less prominent signals of liver damage in pre-approval
studies should be carefully noted. These include the
incidence of asymptomatic ALT and bilirubin elevations.
An ALT ≥ 8N or a ≥ 1.5 fold increase in direct bilirubin,
especially if it is accompanied by a raised ALT, deserves
special attention since this rarely occurs in ostensibly
normal populations.
Exclusion of other causes of liver damage
Diagnostic evaluation of any patient with acute liver
disease of unknown origin should comprise a careful
history to exclude alcohol abuse, recent episodes of
hypotension, epidemiological risk factors of infectious
hepatitis, specific serology and molecular biology studies
for common viruses involved in viral hepatitis, as well as
screening for autoimmune hepatitis. All patients should
also have an abdominal ultrasound examination to exclude
mechanical biliary obstruction.
The appropriateness of additional investigation
would de pend on the presence of par ticular
symptoms or analytical features (Table 4). Patients
with the cholestatic or mixed pattern of hepatic injury
may require complementar y imaging by magnetic
resonance cholangiography or endoscopic retrograde
cholangiography, despite normal abdominal ultrasound
findings, so as to exclude benign or malignant obstruction
of the biliary tract.
Features suggesting toxic liver damage
Once alternative causes of liver damage have been ruled
out, the suspicion of drug-induced hepatotoxicity can be
confirmed by a careful scrutiny of co-existing features of
drug-allergy, by noting the course following drug cessation
and following a re-challenge dose, as well as through biopsy
findings or biochemical patterns compatible with toxic
liver damage[24]. Drug-allergy manifestations are associated
with widely variable hepatotoxicity rates depending,
mainly, on the drug class. Features that suggest drugallergy include, skin rash, fever, peripheral eosinophilia,
short latency period (1 mo or less) and rapid symptoms
recurrence on re-challenge. Hematological features
including granulocytopenia, thrombopenia or hemolytic
anemia as well as renal and pancreatic involvement may
also accompany some instances of drug-induced immunoallergic hepatic injury[43,44]. In rare cases the extreme skin
involvement of Steven-Johnson syndrome or the Lyell
syndrome are strong clues to drug hypersensitivity [9].
However, because these manifestations occur in a minority
of cases of hepatotoxicity, their absence is not necessarily
a helpful sign. In our Spanish Registry [3], some of the
hallmarks of hypersensitivity (e.g., fever, rash, eosinophilia,
cytopenia) were present only in 106 of 446 cases (23%)
with idiosyncratic hepatotoxicity.
In some instances, typical hypersensitivity symptoms
www.wjgnet.com
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Table 4 Clinical work-up to identify other possible causes of liver disease
Test

Condition

Commentary

Viral serology

Viral hepatitis

Less frequent in older patients, especially Hepatitis A,
search for epidemiologic risk factors, outcome may be
similar to that of DILI following de-challenge.

Bacterial serology: Salmonella, Campylobacter,
Listeria, Coxiella

Bacterial hepatitis

If persistent fever and/or diarrhea

Serology for syphilis

Secondary syphilis

Multiple sexual partners. Disproportionately high serum AP levels.

Autoimmunity (ANA, ANCA, AMA, ASMA,
anti-LKM-1)

Autoimmune hepatitis,
Primary biliary cirrhosis

Women, ambiguous course following de-challenge.
Other autoimmunity features.

AST/ALT ratio > 2

Alcoholic hepatitis

Alcohol abuse. Moderate increase in transaminases despite severity
at presentation

Ceruloplasmine, urine cooper

Wilson’s disease

Patients < 40 yr

Alfa-1 antitrypsin

Deficit of α-1 antitrypsin

Pulmonary disease

Transferrin saturation

Hemochromatosis

In anicteric hepatocellular damage. Middle-aged men and older women.

Brilliant eco texture of the Liver.

Non-alcoholic steatohepatitis

In anicteric hepatocellular damage. Obesity, Metabolic syndrome.

Transaminase levels markedly high

Ischemic hepatitis

Disproportionately high AST levels. Hypotension, shock, recent surgery,
heart failure, antecedent vascular disease, elderly

Dilated bile ducts by image procedures
(AU, CT, MRCP and ERCP)

Biliary obstruction

Colic abdominal pain, cholestatic/mixed pattern.

IgM anti-HAV
IgM anti-HBc
Anti-HCV, RNA-HCV (RT-PCR)
IgM-CMV
IgM-EBV
Herpes virus

ALT: alanine aminotransferase; AP: alkaline phosphatase; AST: aspartate aminotransferase; AU: abdominal ultrasound examination; Anti-HAV: Hepatitis A
antibody; Anti-HBc: Hepatitis B core antibody; Anti-HCV: Hepatitis C antibody; anti-LKM-1: Liver-kidney microsomal antibody type 1; AMA: antimitochondrial
antibody; ANA: antinuclear antibody; ANCA: perinuclear antineutrophil cytoplasmic antibody; ASMA: antismooth muscle antibody; BPC: Biliary primary
cirrhosis; CMV: cytomegalovirus; CT: computed tomography; EBV: Epstein-Barr virus; ERCP: Endoscopic retrograde cholangiography; MRCP: Magnetic
resonance cholangiography.

are absent. However, clues pointing toward an immunoallergic reaction might come from the presence of more
subtle features, such as detectable serum autoantibodies
and antinuclear and anti-smooth-muscle antibodies[12,31].
It is ver y likely that immunologic and metabolic
idiosyncrasies operate concurrently in many cases of druginduced hepatic injury[9,18].
The value of hypersensitivity features as indirect
evidence of drug-allergy is currently under debate. In a
large cohort of patients with drug-induced idiosyncratic
liver disease, a link between HLA-DRB1*15 andDQB1*06 alleles and the cholestatic/mixed injury (but not
hepatocellular injury) was established. The frequency of
DRB1*07 and DQB1*02 alleles was also reduced in the
cholestatic/mixed injury group[45]. Conversely, there were
no differences in HLA-class II allele distributions between
hepatotoxicity patients who had and those who had not
any hypersensitivity features. This would suggest that the
majority of cholestatic/mixed cases might have an allergy
pre-disposition that was genetic, irrespective of whether
they have accompanying signs of drug-allergy. This is
less certain in hepatocellular cases with hypersensitivity
features[46].
Rapid improvements in biochemical values following
withdrawal of drug therapy raises the possibility of a toxic
etiology, even though this outcome may be seen in viral
hepatitis as well. For hepatocellular injury, the involvement
of a drug has been defined as being “highly likely” if there
is a decrease of at least 50% in the levels of liver enzymes
in the first 8 d following cessation of the therapy [9] .
www.wjgnet.com

Although less conclusive, expert consensus still considers
drug involvement “suggestive” (and positively weighted
on the clinical scale) if such a decrease occurs within 30 d
following cessation of the therapy[10].
Gastroenterologists assessing suspected dr ug
hepatotoxicity should be aware that other atypical
outcomes make laboratory scr utiny following dr ug
withdrawal less categorical. In general, cholestatic reactions
subside more slowly, with abnor mal enzyme levels
persisting for long periods of more than one year in some
instances[47,48].
Particularly confusing is the clinical evolution of
some severe cases in which the injury may progress over
several days despite drug cessation, or even progressing to
fulminant hepatic failure[49,50]. Conversely, the phenomenon
of “adaptation” to injury can occur with some drugs
(e.g. statins). This can be responsible for the spontaneous
improvement in liver function tests, despite the drug
treatment being continued[42].
Cur rently, the only way to confidently confir m
i d i o s y n c r a t i c d r u g - i n d u c e d h e p a t o t ox i c i t y i s by
demonstrating a recrudescence of liver injury following
re-challenge with the suspected agent. Strictly, a positive
response following re-exposure can be defined as a
doubling of ALT and AP values for hepatocellular
and cholestatic reactions, respectively. From a practical
standpoint, however, it is hard to demonstrate this in most
circumstances in which unintentional re-exposure occurs.
Conversely, with careful inquiry a history of inadvertent
re-challenge may be sometimes elicited because jaundice
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Table 5 Rationale for performing liver biopsy in a case suspected of having drug-induced hepatotoxicity
Clinical setting

Presentation

Any clinical context

Putative drugs not previously incriminated in liver toxicity

Acute or chronic liver disease

Female, autoantibody sero-positive
High serum gammaglobulin and immunoglobulin G levels at presentation
Incomplete or ambiguous de-challenge

Chronic alcoholism

Acute deterioration during aversive therapy (disulfiram, carbimide calcium)

Any acute liver deterioration in a patient
with cirrhosis or chronic hepatitis C.

e.g. worsening of liver function in a patient with primary biliary cirrhosis receiving rifampicin
or a chronic hepatitis C patient receiving ibuprofen

Chronic impairment in liver tests in
non-jaundiced patients.

Especially if constitutional symptoms and/or clinical signs of portal hypertension are disclosed.

Young patients with sero-negative acute
hepatitis or chronic liver disease.

Moderate decrease in ceruloplasmin levels or slight increases in urinary copper excretion.

had not accompanied the index episode and the symptoms
were non-specific at the time (e.g., malaise, gastrointestinal
complaints) and were thus easily overlooked. In such cases,
what was believed to be the first instance of hepatitis was,
in reality, a re-challenge episode[24].
Intentional re-challenge implies several practical
problems. Firstly, re-challenge is strictly contra-indicated
in drug-induced hepatocellular hepatitis with associated
hypersensitivity features because there is the risk of
inducing a more severe, or even fulminant, clinical picture.
Secondly, the amount of drug required to provoke the
reaction is not known. Arbitrarily, a single dose needs to be
chosen. Arguably, however, several doses may be necessary
to reproduce liver damage in “metabolic” (non-allergic)
drug-induced hepatotoxicity. This false negative response
to re-challenge has been demonstrated for isoniazid[9] and,
probably, applies to many other drugs operating under
similar mechanisms. Finally, and most importantly, reexposure of the patient to the suspected drug cannot be
ethically supported purely for diagnostic purposes. Reexposure should be attempted only when the drug being
used is deemed essential for disease treatment, such as
in the treatment of tuberculosis with isoniazid. Written
informed consent needs to be obtained from the patient.
Nevertheless, taking into consideration the consequences
of misdiagnosing hepatotoxicity in pre-approval clinical
trials [12], we believe that testing clinical or sub-clinical
hepatitis in the trial setting might be an additional
indication for re-challenge[24].
A common misconception among clinical
gastroenterologists is the need to have a liver biopsy
specimen to establish a diagnosis of dr ug-induced
hepatotoxicity with confidence. Rather, since there are no
histological findings specific for toxic damage, liver biopsy
should not be performed routinely for this indication[14,51].
Indeed, a liver biopsy specimen, which is often taken
several days after the clinical presentation of the symptoms
when the pathological features are beginning to wane,
may generate perplexity and confusion in cases in which
chronological sequence criteria are critical and when
exclusion of alternative causes appear to incriminate the
drug.
Currently, a reasonable approach for performing
a liver biopsy in patients with suspected drug-induced
hepatotoxicity is restricted [13] to when the patient may

have an underlying liver disease and, hence, it is difficult
to ascribe the picture to the candidate drug or to a
recrudescence of the disease (Table 5) or, alternatively, to
characterize the pattern of injury with those drugs that had
not been previously incriminated in hepatotoxicity[12,30,36].
We believe that a liver biopsy is also justified for identifying
more severe or residual lesions (e.g. fibrosis), which
could have prognostic significance. For instance, in some
chronic variants of hepatotoxicity, clinical and laboratory
features reflect the severity of the liver injury[30,31] poorly
and a liver biopsy may clarify its true magnitude. Further,
severe bile duct injury during cholestatic hepatitis has been
shown to be predictive of clinical evolution into chronic
cholestasis[52], and, in a retrospective study, the presence of
fibrosis in the index liver biopsy had been related to the
development of chronic liver disease[53].
Since a liver biopsy is not available in most cases, focus
on the biochemical expression of hepatic damage may help
in incriminating a specific medication. Each drug appears
to have its own “signature” in relation to a more-or-less
specific pattern of liver injury[7,42]. Although this is true for
some drugs (e.g., estrogens induce cholestatic injury and
seldom any present with any other pattern of damage),
for most other drugs such consistency is not so clear.
For instance, amoxicillin-clavulanate tends to produce
cholestatic or mixed damage, although hepatocellular
damage has been repor ted frequently as well [16,54] .
Hepatocellular and cholestatic or mixed injury have been
noted with nimesulide[55] or troglitazone[56,57], among others.
Hence it is important for gastroenterologists to view a
suspicion of drug-induced hepatotoxicity with caution and
with awareness that any given drug can produce diverse
types of injury[58].

CAUSALITY ASSESSMENT METHODS: IN
SEARCH OF GREATER OBJECTIVITY
Clinical judgment is a necessar y first ste p in the
identification of any hepatic disease suspected of being
caused by a drug or toxin. Diagnostic precision and
objectivity are essential from the perspective of the
practicing clinician who must decide whether to continue,
or to stop, a therapy even though it may be the most
appropriate for the disease under treatment and which
might induce new events in the future if not correctly
www.wjgnet.com
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identified. Except for the very rare circumstances in which
an unintentional positive re-challenge may confirm the
putative involvement of a drug, the evidence that is usually
collected is often circumstantial, based on subjective
impressions from previous experiences, and can lead to
inaccurate diagnosis[59]. The process is time-consuming and
delays clinical judgment; at least until other possible causes
of liver disease have been excluded.
An approach that does not follow objective guidelines
that complement standard clinical practice, results in
causation categories that may be defined as drug-related
(e.g. acetaminophen overdose, instances of positive rechallenge), not drug related (an alternative explanation
found) or when the role of a medication may appear
conditional[22]. This last judgment in which subjectivity
prevails does, indeed, represent the bulk of situations
in standard clinical practice. In addition, this judgment
depends closely on the attending physician’s skill and
attitude towards the disease under consideration. Hence,
agreement among physicians who evaluate a given case
of drug-suspected hepatotoxicity may differ considerably.
Variations in data consistency, completeness, and subjective
weighting of causality arguments would, presumably,
contribute to these differences.
Algorithms or clinical scales
Over the last three decades, several groups have developed
methods to improve the consistency, accuracy and
objectiveness in causality assessment of adverse drug
reactions. The qualities required for any scoring system
are, usually, reproducibility and validity[60]. Reproducibility
ensures an identical result when the scales are applied
irrespective of the user. Validity refers to the capacity to
distinguish between cases when the drug is responsible,
and cases when the drug it is not responsible.
There are two possible categories of approach: the
probabilistic approach [61] based on Bayesian statistics,
which is rarely used in routine clinical practice because the
approach requires precisely-quantified data to model the
probability distributions for each parameter. The alternative
approach is the widely used algorithm or clinical scale[62].
The key features of an adverse reaction are identified
and integrated into an objective rating scale based on the
sum of weighted numerical values assigned to individual
axes of a decision strategy. The scores are translated into
categories of suspicion. The different causality assessment
methods developed can produce different numerical scales
that may or may not be super-imposable and with nonidentical categories of suspicion. This complicates any
comparisons among the different scales[62].
The Naranjo Adverse Drug Reaction Probability
Scale (1981) proposed for adverse reactions to drugs
(not restricted to hepatotoxicity) offers the advantage of
simplicity and wide applicability[63]. This scale involves
ten “yes”, “no” or “not known or inapplicable” answers
to questions concerning several disease-related areas:
temporal relationship, competing causes, de-challenge/rechallenge results, and knowledge of the drug’s reactions.
In addition, universally-accepted criteria are introduced:
placebo challenge, drug concentrations and objective
measurement of adverse drug reaction. An adverse drug
www.wjgnet.com
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reaction is described as a probability category based
on the total score. The categories are: definite (≥ 9
points scored), likely (5 to 8 points), possible (1 to 4
points), and doubtful (≤ 0 points). The scale has been
validated and has resulted in improved reproducibility of
patient evaluations. The main source of inter-observer
disagreement has been the question of alternative causes
and reflects, perhaps, the complexity of the clinical
situation and differences in clinical training among
observers. Despite the lack of specificity with respect to
hepatotoxicity, use of the Naranjo scale is a requirement
by some journals when adverse drug-related events are
reported[63,64] and, as well, in reporting to national drug
monitoring bodies.
In 1992, under the auspices of the Council for
International Organizations of Medical Sciences, a
working group developed and implemented a standardized
method for drug causality assessment and the scales are
named after the organizers of the consensus meeting:
CIOMS or RUCAM (Roussel Uclaf Causality Assessment
Method)[65,66]. This method provides a standardized scoring
system in which the limits and contents of most criteria
were decided by consensus among experts on the basis
of organ-oriented characteristics. The time-to-onset and
duration are evaluated separately for hepatocellular versus
cholestatic/mixed reactions since the latter can occur
long after the cessation and may be resolved much more
slowly (Table 6). The CIOMS/RUCAM scale provides
a scoring system for 6 axes in the decision strategy. The
categories of suspicion are “definite or highly probable”
(score > 8), “probable” (score 6-8), “possible” (score
3-5), “unlikely” (score 1-2) and “excluded” (score ≤ 0).
One of the advantages of this system that is of note is
that there are very few questions that require a subjective
response. The scale can assign a definitive diagnosis of
drug-induced hepatotoxicity in patients even without rechallenge. Also, it performs well with newly-marketed
drugs or for a previously-unreported liver injury associated
with an older drug. The major drawback is its complexity.
It requires training in its administration and is less efficient
when a user is unfamiliar with the format. The scale may
seem cumbersome and while reading across the page, care
needs to be taken to not misunderstand the questions;
otherwise careless errors can be made. Recently, experts
have criticized the weighting attributed to certain of the
risk factors (e.g., age of the patient > 55 years, alcohol
consumption, pregnancy) which, at best, would be
significant only for a limited number of drugs[23,42].
More recently, Maria and Victorino from Portugal
developed a simplified scoring system to overcome the
above-mentioned problems. Called the Clinical Diagnostic
Scale [67] (also termed the M&V scale) it uses several
features of the CIOMS/RUCAM scale while omitting
and adding others (Table 6). Five components were
selected for inclusion in the scale: temporal relationship
between drug intake and the onset of clinical symptoms,
exclusion of alternative causes, presence of extra-hepatic
manifestations (e.g., rash, fever, arthralgia, eosinophilia >
6% and cytopenia), intentional or accidental re-exposure
to the drug, and previous reports in the literature. The
sum of the points for each parameter can vary from -6
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Table 6 Comparison of the scores for individual axes of the CIOMS and Maria & Victorino diagnostic scales
CIOMS criteria

Score

Chronology criterion

Maria & Victorino criteria

Score

Chronology criterion

From drug intake until event onset

+2 to +1

From drug intake until event onset

+1 to +3

From drug withdrawal until event onset

+1 to 0

From drug withdrawal until event onset

-3 to +3

Time-course of the reaction

-2 to +3

Time-course of the reaction

0 to +3

Exclusion of alternative causes

-3 to +3

Risk factors
Age

+1 to 0

Alcohol

+1 to 0

Extra-hepatic manifestations

0 to +3

Concomitant therapy

-3 to 0

Literature data

-3 to +2

Exclusion of non-drug-related causes

-3 to +2

Re-challenge

0 to +3

Literature data
Re-challenge

0 to +2
-2 to +3

to +20. Concordance with the five classic degrees of
probability of adverse drug reactions is established on the
basis of the tabulated score as follows: “definite” (score
> 17), “probable” (score 14-17), “possible” (score 10-13),
“unlikely” (score 6-9) and “excluded” (score < 6). The
authors highlighted some limitations of the scale: The
instrument performs poorly in atypical cases of drugs with
unusually-long latency periods or chronic outcome. There
is room for improvement in the exclusion of alternative
causes of liver injury by more clearly specifying the clinical
conditions to be excluded, as well as including detailed
criteria for exclusion. The main advantage of the M&V
scale is its ease of application in standard clinical practice.
Comparison of assessment methods in hepatotoxicity
The merits of the CIOMS and the M&V scales and their
degree of concordance were compared in a population
of 215 patients included in a registry of hepatotoxicity[68].
Causality in this population had been verified previously
by 3 experts as being drug-induced (185) or as nondrug (30 cases). Complete agreement between the M&V
scale and the CIOMS scale was obtained in only 42 cases
(18%). Discrepancies in the assessment of causality
occurred in 186 ratings; in each of these cases the CIOMS
scale ascribed a higher level of certainty than the M&V
scale. The M&V system classified only about one third
of the cases as “probable” or “definite”, and tended to
underestimate the probability of causality. Indeed, the
performance of the M&V scale was poor in reactions
with long latency periods (more than 15 d; for example
amoxicillin/clavulanic acid), clinical progression to chronic
status following withdrawal (cholestatic pattern), or death.
The concordance of assessment was low because
the two methods assigned different weightings to
the assessment criteria and, as such, the reasons for
discordance could be clearly identified. For example,
a time-lapse of > 15 d between drug withdrawal and
event onset can be rectified by subtracting 3 points from
the score on the M&V scale. A time-lapse of > 6 mo
between drug withdrawal and normalization of laboratory
values (in cholestatic or mixed type of injury) or 2 mo
(in hepatocellular damage) precluded a “definite” or
“probable” diagnosis being reached. Unknown reactions
to drugs marketed for > 5 years preclude a “certainty”
diagnosis. Conversely, the best correlation between the

two scales was found for drug-induced liver injury that
included a probable immuno-allergic mechanism. This
is because the M&V scale includes questions that apply
only to cases with extra-hepatic features. It would appear,
therefore, that the CIOMS instrument shows better
agreement with “common sense” clinical judgment. Aside
from its clinical validity, the usefulness of the CIOMS
scale is that it provides a framework that emphasizes topics
that need to be addressed in cases of suspected hepatic
adverse reaction in order to improve the consistency of
judgment[68].
The Clinical Diagnostic Scale (CDS or M&V) was
further evaluated in the causality assessment of 135
hepatotoxic adverse drug reaction reports[69]. Initially, the
CIOMS criteria were used to classify reactions as “drugrelated”, “drug-unrelated” and “indeterminate.” Reports
classified as drug-related (49 reactions) scored higher on
the clinical scale, with a median score of 12 (range 8-15).
Of those, no reactions were classified as “definite”, 20
were classified as “probable” and 23 as “possible”. It
is important to note that 6 patients were classified as
“unlikely”. The authors suggested that a cut-off score > 9
(falling into the category of “possible”) be used in clinical
decision-making. It is of further note that “possible” is a
fairly low category adjacent to “unlikely” and this makes
the cut-off score somewhat unreliable for decisionmaking. In addition, the authors did not assess or compare
the merits of the two systems in any detail[70]. Six patients
whose hepatotoxicity was considered drug-related on the
basis of the consensus classification (four of these patients
having a positive re-challenge) scored < 10 (“unlikely”).
Two patients had flucloxacillin-induced cholestasis that
first appeared > 15 d following drug withdrawal, and in
two other patients the reactions were fatal and therefore
precluded an accurate assignment of cause. Two other
patients with a long latency period scored only 1 point
each for the onset-of-reaction score. These examples
confirm the limitations of the clinical scale, as highlighted
by the authors themselves and which are in accordance
with the conclusions reached by Lucena et al[68].
These comparative studies clearly show that the
CIOMS scale, although far from being a perfect
instrument, provides a uniform basis from which to
develop a more precise approach in determining the
causes of drug-induced hepatotoxicity. Indeed, medical
www.wjgnet.com
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journals should insist on the application of the scale as a
quality control prior to accepting reports of hepatotoxicity.
Nevertheless, rules for assigning causality in drug-induced
liver injury are no substitute for clinical judgment. For
instance, when more than one drug could be the culprit,
a “blind” application of the scale can lead to a somewhat
misleading causality assessment if only chronological
criteria are taken into account[38]. To avoid this, attention
should be paid to major drug metabolic mechanisms in
relation to potential pharmacokinetic interactions with the
drug[71].
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from the scoring system. This task will be helped by
using large databases of bona fide cases of hepatotoxicity.
The DILIN network is developing and testing such a
causality assessment method by a complex computerbased process for gathering and distributing relevant
information [72]. This analysis would useful to confirm
or discard alcohol, age >55 years and pregnancy as
general risk factors for hepatotoxicity, while evaluating
the roles of other candidate susceptibility factors such as
obesity (a condition that is associated with an increased
expression of CYP2E1)[1]. Further, the age cut-off point
does not consider the pediatric age range as a risk factor
for toxicity of some drugs. Other known risk factors for
individual drugs when present in the appropriate setting
should be incorporated (e.g. HIV infection in sulfonamide
use, co-infection with hepatitis B/hepatitis C virus and
antiretroviral drugs, female gender for diclofenac).
In real practice, to make a definite diagnosis of druginduced hepatotoxicity, clinicians pay much attention in
assigning causality to a concordance between the actual
biochemical profile of the patient and that which is
provided by consensus guidelines relating to the suspected
drug (for instance, cholestatic damage with amoxicillinclavulanate use). As well, the presence of hypersensitivity
features is considered by practicing physicians of crucial
value in the attribution of culpability to a specific drug.
Neither biochemical “signature” nor hypersensitivity
features are weighted in the CIOMS scale [73] and these
discrepancies await resolution.
Apart from these important questions, there is the
need to validate a new instrument with an abridged scale
that would provide a better approximation to the truth; i.e.,
the likelihood that a given case of hepatitis is due to a specific drug, at the very beginning of the patient evaluation
process when key clinical decisions need to be made. The
diagnosis needs to be made with confidence on admission
of the patient and maintained while further confirmatory
information is gathered. This would be the goal of a clinical assessment tool for the evaluation of drug-induced
hepatotoxicity.

January 21, 2007

5

6
7
8
9
10
11
12

13
14
15
16

17

18
19
20

Bissell DM, Gores GJ, Laskin DL, Hoofnagle JH. Druginduced liver injury: mechanisms and test systems. Hepatology
2001; 33: 1009-1013
Hoofnagle JH. Drug-induced liver injury network (DILIN).
Hepatology 2004; 40: 773
Andrade RJ, Lucena MI, Fernández MC, Pelaez G, Pachkoria K,
García-Ruiz E, García-Muñoz B, González-Grande R, Pizarro A,
Durán JA, Jiménez M, Rodrigo L, Romero-Gomez M, Navarro
JM, Planas R, Costa J, Borras A, Soler A, Salmerón J, MartinVivaldi R. Drug-induced liver injury: an analysis of 461
incidences submitted to the Spanish registry over a 10-year
period. Gastroenterology 2005; 129: 512-521
Ostapowicz G, Fontana RJ, Schiødt FV, Larson A, Davern
TJ, Han SH, McCashland TM, Shakil AO, Hay JE, Hynan L,
Crippin JS, Blei AT, Samuel G, Reisch J, Lee WM. Results of
a prospective study of acute liver failure at 17 tertiary care
centers in the United States. Ann Intern Med 2002; 137: 947-954
Bakke OM, Manocchia M, de Abajo F, Kaitin KI, Lasagna
L. Drug safety discontinuations in the United Kingdom, the
United States, and Spain from 1974 through 1993: a regulatory
perspective. Clin Pharmacol Ther 1995; 58: 108-117
Shah RR. Drug-induced hepatotoxicity: pharmacokinetic
perspectives and strategies for risk reduction. Adverse Drug
React Toxicol Rev 1999; 18: 181-233
Lee WM. Drug-induced hepatotoxicity. N Engl J Med 2003;
349: 474-485
Mohapatra R, Tran M, Gore JM, Spencer FA. A review of the
oral direct thrombin inhibitor ximelagatran: not yet the end of
the warfarin era. Am Heart J 2005; 150: 19-26
Zimmerman HJ. Hepatotoxicity. The adverse effects of Drugs
and Other Chemicals on the Liver. 2nd ed. Philadelphia:
Lippincott Williams & Wilkins, 1999
Bénichou C. Criteria of drug-induced liver disorders. Report
of an international consensus meeting. J Hepatol 1990; 11:
272-276
Farrell GC. Drug Induced Liver Disease. London: ChurchillLivingstone, 1994
Andrade RJ, Lucena MI, Martin-Vivaldi R, Fernandez MC,
Nogueras F, Pelaez G, Gomez-Outes A, Garcia-Escaño MD,
Bellot V, Hervás A, Cárdenas F, Bermudez F, Romero M,
Salmerón J. Acute liver injury associated with the use of
ebrotidine, a new H2-receptor antagonist. J Hepatol 1999; 31:
641-646
Larrey D. Drug-induced liver diseases. J Hepatol 2000; 32: 77-88
Goodman ZD. Drug hepatotoxicity. Clin Liver Dis 2002; 6:
381-397
Björnsson E, Olsson R. Outcome and prognostic markers in
severe drug-induced liver disease. Hepatology 2005; 42: 481-489
Lucena MI, Andrade RJ, Fernández MC, Pachkoria K, Pelaez
G, Durán JA, Villar M, Rodrigo L, Romero-Gomez M, Planas R,
Barriocanal A, Costa J, Guarner C, Blanco S, Navarro JM, Pons
F, Castiella A, Avila S. Determinants of the clinical expression
of amoxicillin-clavulanate hepatotoxicity: a prospective series
from Spain. Hepatology 2006; 44: 850-856
Andrade RJ, Lucena MI, Kaplowitz N, García-Muņoz B,
Borraz Y, Pachkoria K, García-Cortés M, Fernández MC,
Pelaez G, Rodrigo L, Durán JA, Costa J, Planas R, Barriocanal
A, Guarner C, Romero-Gomez M, Muņoz-Yagüe T, Salmerón
J, Hidalgo R. Outcome of acute idiosyncratic drug-induced
liver injury: Long-term follow-up in a hepatotoxicity registry.
Hepatology 2006; 44: 1581-1588
Kaplowitz N. Drug-induced liver disorders: introduction and
overview. In: Kaplowitz N, Deleve LD, editors. Drug-induced
liver disease. New York: Marcel Dekker Inc., 2003: 1-14
Maria VA, Victorino RM. Diagnostic value of specific T-cell
reactivity to drugs in 95 cases of drug induced liver injury. Gut
1997; 41: 534-540
Maria VA, Victorino RM. Immunological investigation in
hepatic drug reactions. Clin Exp Allergy 1998; 28 Suppl 4: 71-77

Andrade RJ et al . Drug-induced hepatotoxicity in clinical practice				
21
22
23
24
25

26
27

28
29
30
31

32
33
34

35
36
37
38

39

40
41
42
43
44
45

Berg PA, Becker EW. The lymphocyte transformation test-a
debated method for the evaluation of drug allergic hepatic
injury. J Hepatol 1995; 22: 115-118
Kaplowitz N. Causality assessment versus guilt-by-association
in drug hepatotoxicity. Hepatology 2001; 33: 308-310
Lee WM, Senior JR. Recognizing drug-induced liver injury:
current problems, possible solutions. Toxicol Pathol 2005; 33:
155-164
Andrade RJ, Camargo R, Lucena MI, González-Grande R.
Causality assessment in drug-induced hepatotoxicity. Expert
Opin Drug Saf 2004; 3: 329-344
Lewis JH, Ranard RC, Caruso A, Jackson LK, Mullick F, Ishak
KG, Seeff LB, Zimmerman HJ. Amiodarone hepatotoxicity:
prevalence and clinicopathologic correlations among 104
patients. Hepatology 1989; 9: 679-685
Oien KA, Moffat D, Curry GW, Dickson J, Habeshaw T,
Mills PR, MacSween RN. Cirrhosis with steatohepatitis after
adjuvant tamoxifen. Lancet 1999; 353: 36-37
Lewis JH, Schiff E. Methotrexate-induced chronic liver
injury: guidelines for detection and prevention. The ACG
Committee on FDA-related matters. American College of
Gastroenterology. Am J Gastroenterol 1988; 83: 1337-1345
Sharp JR, Ishak KG, Zimmerman HJ. Chronic active hepatitis
and severe hepatic necrosis associated with nitrofurantoin.
Ann Intern Med 1980; 92: 14-19
Sturkenboom MC, Meier CR, Jick H, Stricker BH. Minocycline
and lupuslike syndrome in acne patients. Arch Intern Med
1999; 159: 493-497
Andrade RJ, Lucena MI, Alcantara R, Fraile JM. Bentazepamassociated chronic liver disease. Lancet 1994; 343: 860
Andrade RJ, Lucena MI, Aguilar J, Lazo MD, Camargo R,
Moreno P, García-Escaño MD, Marquez A, Alcántara R,
Alcáin G. Chronic liver injury related to use of bentazepam: an
unusual instance of benzodiazepine hepatotoxicity. Dig Dis Sci
2000; 45: 1400-1404
Ishak KG, Zimmerman HJ. Hepatotoxic effects of the
anabolic/androgenic steroids. Semin Liver Dis 1987; 7: 230-236
Ishak KG, Zimmerman HJ. Morphologic spectrum of druginduced hepatic disease. Gastroenterol Clin North Am 1995; 24:
759-786
Andrade RJ, Lucena MI, Fernández MC, Vega JL, Camargo
R. Hepatotoxicity in patients with cirrhosis, an often
unrecognized problem: lessons from a fatal case related to
amoxicillin/clavulanic acid. Dig Dis Sci 2001; 46: 1416-1419
Pérez Moreno JM, Saldaña González FJ, Puertas Montenegro
M, Báez Perea J. Cholestatic hepatitis caused by midecamycin.
Gastroenterol Hepatol 1996; 19: 459-461
Lucena MI, Andrade RJ, Rodrigo L, Salmerón J, Alvarez A,
Lopez-Garrido MJ, Camargo R, Alcantára R. Trovafloxacininduced acute hepatitis. Clin Infect Dis 2000; 30: 400-401
Kaplowitz N. Drug-induced liver injury. Clin Infect Dis 2004;
38 Suppl 2: S44-S48
Lucena MI, Andrade RJ, Vicioso L, González FJ, Pachkoria K,
García-Muñoz B. Prolonged cholestasis after raloxifene and
fenofibrate interaction: A case report. World J Gastroenterol
2006; 12: 5244-5246
Biour M, Poupon R, Grangé JD, Chazouillères O. Druginduced hepatotoxicity. The 13th updated edition of the
bibliographic database of drug-related liver injuries and
responsible drugs. Gastroenterol Clin Biol 2000; 24: 1052-1091
Lee WM. Acute liver failure in the United States. Semin Liver
Dis 2003; 23: 217-226
Stricker BHCH. Drug-induced Hepatic Injury, 2 nd ed.
Amsterdam: Elsevier, 1992
Kaplowitz N. Drug-induced liver disorders: implications for
drug development and regulation. Drug Saf 2001; 24: 483-490
Carrillo-Jimenez R, Nurnberger M. Celecoxib-induced acute
pancreatitis and hepatitis: a case report. Arch Intern Med 2000;
160: 553-554
Schattner A, Sokolovskaya N, Cohen J. Fatal hepatitis and
renal failure during treatment with nimesulide. J Intern Med
2000; 247: 153-155
Andrade RJ, Lucena MI, Alonso A, García-Cortes M, García-

46
47
48

49
50
51
52

53
54
55

56
57

58
59
60
61

62
63

64

65

66

339

Ruiz E, Benitez R, Fernández MC, Pelaez G, Romero M,
Corpas R, Durán JA, Jiménez M, Rodrigo L, Nogueras F,
Martín-Vivaldi R, Navarro JM, Salmerón J, de la Cuesta FS,
Hidalgo R. HLA class II genotype influences the type of liver
injury in drug-induced idiosyncratic liver disease. Hepatology
2004; 39: 1603-1612
Velayudham LS, Farrell GC. Drug-induced cholestasis. Expert
Opin Drug Saf 2003; 2: 287-304
Andrade RJ, Guilarte J, Salmerón FJ, Lucena MI, Bellot
V. Benzylpenicillin-induced prolonged cholestasis. Ann
Pharmacother 2001; 35: 783-784
Andrade RJ, Lucena MI, Fernández MC, Vega JL, GarcíaCortés M, Casado M, Guerrero-Sanchez E, Pulido-Fernandez F.
Cholestatic hepatitis related to use of irbesartan: a case report
and a literature review of angiotensin II antagonist-associated
hepatotoxicity. Eur J Gastroenterol Hepatol 2002; 14: 887-890
Andrade RJ, Lucena MI, Fernández MC, González M. Fatal
hepatitis associated with nimesulide. J Hepatol 2000; 32: 174
Lucena MI, Andrade RJ, Gomez-Outes A, Rubio M, Cabello
MR. Acute liver failure after treatment with nefazodone. Dig
Dis Sci 1999; 44: 2577-2579
Bianchi L. Liver biopsy in elevated liver functions tests? An
old question revisited. J Hepatol 2001; 35: 290-294
Degott C, Feldmann G, Larrey D, Durand-Schneider AM,
Grange D, Machayekhi JP, Moreau A, Potet F, Benhamou JP.
Drug-induced prolonged cholestasis in adults: a histological
semiquantitative study demonstrating progressive ductopenia.
Hepatology 1992; 15: 244-251
Aithal PG, Day CP. The natural history of histologically
proved drug induced liver disease. Gut 1999; 44: 731-735
Brown SJ, Desmond PV. Hepatotoxicity of antimicrobial
agents. Semin Liver Dis 2002; 22: 157-167
Van Steenbergen W, Peeters P, De Bondt J, Staessen D,
Büscher H, Laporta T, Roskams T, Desmet V. Nimesulideinduced acute hepatitis: evidence from six cases. J Hepatol
1998; 29: 135-141
Herrine SK, Choudhary C. Severe hepatotoxicity associated
with troglitazone. Ann Intern Med 1999; 130: 163-164
Bonkovsky HL, Azar R, Bird S, Szabo G, Banner B. Severe
cholestatic hepatitis caused by thiazolidinediones: risks
associated with substituting rosiglitazone for troglitazone. Dig
Dis Sci 2002; 47: 1632-1637
Andrade RJ, Lucena MI. Drug-induced hepatotoxicity. N Engl
J Med 2003; 349: 1974-1976; author reply 1974-1976
Aithal GP, Rawlins MD, Day CP. Accuracy of hepatic adverse
drug reaction reporting in one English health region. BMJ
1999; 319: 1541
Hutchinson TA, Lane DA. Assessing methods for causality
assessment of suspected adverse drug reactions. J Clin
Epidemiol 1989; 42: 5-16
Bate A, Lindquist M, Edwards IR, Olsson S, Orre R, Lansner A,
De Freitas RM. A Bayesian neural network method for adverse
drug reaction signal generation. Eur J Clin Pharmacol 1998; 54:
315-321
Pere JC, Begaud B, Haramburu F, Albin H. Computerized
comparison of six adverse drug reaction assessment
procedures. Clin Pharmacol Ther 1986; 40: 451-461
Naranjo CA, Busto U, Sellers EM, Sandor P, Ruiz I, Roberts
EA, Janecek E, Domecq C, Greenblatt DJ. A method for
estimating the probability of adverse drug reactions. Clin
Pharmacol Ther 1981; 30: 239-245
García-Cortés M, Lucena MI, Andrade RJ, Camargo R,
Alcántara R. Is the Naranjo probability scale accurate enough
to ascertain causality in drug-induced hepatotoxicity? Ann
Pharmacother 2004; 38: 1540-1541
Danan G, Benichou C. Causality assessment of adverse
reactions to drugs--I. A novel method based on the conclusions
of international consensus meetings: application to druginduced liver injuries. J Clin Epidemiol 1993; 46: 1323-1330
Benichou C, Danan G, Flahault A. Causality assessment
of adverse reactions to drugs--II. An original model for
validation of drug causality assessment methods: case reports
with positive rechallenge. J Clin Epidemiol 1993; 46: 1331-1336

www.wjgnet.com

340
67
68
69
70

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Maria VA, Victorino RM. Development and validation of
a clinical scale for the diagnosis of drug-induced hepatitis.
Hepatology 1997; 26: 664-669
Lucena MI, Camargo R, Andrade RJ, Perez-Sanchez CJ, Sanchez
De La Cuesta F. Comparison of two clinical scales for causality
assessment in hepatotoxicity. Hepatology 2001; 33: 123-130
Aithal GP, Rawlins MD, Day CP. Clinical diagnostic scale: a
useful tool in the evaluation of suspected hepatotoxic adverse
drug reactions. J Hepatol 2000; 33: 949-952
Lee WM. Assessing causality in drug-induced liver injury. J
Hepatol 2000; 33: 1003-1005

71
72
73

January 21, 2007

Number 3

Andrade RJ, Lucena MI. Acute fulminant hepatitis after
treatment with rabeprazole and terbinafine: is rabeprazole the
culprit? Arch Intern Med 2002; 162: 360-361
Watkins PB, Seeff LB. Drug-induced liver injury: summary of
a single topic clinical research conference. Hepatology 2006; 43:
618-631
Takamori Y, Takikawa H, Kumagi T, Oriyi M, Watanaba M,
Shibuya A, Hisamochi A, Kumashiro R, Ito T, Mitsumoto Y,
Nakamura A, Sakayuchi T. Assessment of the diagnostic scale
for drug-induced liver injury by the international consensus
meeting and a proposal of its modifications. Hepatology 2003;
38 Suppl 1: 703A
S- Editor Wang GP

www.wjgnet.com

Volume 13

L- Editor Luzte M E- Editor Bi L

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 January 21; 13(3): 341-348
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

COLORECTAL CANCER

Identification of the differential expressive tumor associated
genes in rectal cancers by cDNA microarray
Xue-Qin Gao, Jin-Xiang Han, Zhong-Fa Xu, Wei-Dong Zhang, Hua-Ning Zhang, Hai-Yan Huang
Xue-Qin Gao, Jin-Xiang Han, Hua-Ning Zhang, Hai-Yan
Huang, Key Laboratory for Biotech-Drug, Ministry of Health,
Key Laboratory of Modern Drugs and Technology of Shandong
Province, Shandong Medical and Biotechnology Center, Shandong
Academy of Medical Sciences, Jinan 250062, Shandong Province,
China
Zhong-Fa Xu, Department of Surgery, Shandong Tumor Hospital,
Shandong Academy of Medical Sciences, Jinan 250117, Shandong
Province, China
Wei-Dong Zhang, Department of Experimental Pathology,
Institute of Basic Medicine, Shandong Academy of Medical
Sciences, Jinan 250062, Shandong Province, China
Supported by Major Project of Shandong Provincial Science
and Technology, No.011100105, and Shandong Natural Sciences
Funding Committee, No. Y2003C03
Correspondence to: Jin-Xiang Han, Shandong Medical and
Biotechnology Center, Shandong Academy of Medical Sciences;
Key Laboratory for Biotech Drugs, Ministry of Health; Key
Laboratory of Modern Drugs and Technology of Shandong
Province; 89 Jingshi Road, Jinan 250062, Shandong Province,
China. samshjx@sina.com
Telephone: +86-531-82919888 Fax: +86-531-82951586
Received: 2006-07-27
Accepted: 2006-09-26

Abstract
AIM: To identify tumor associated genes of rectal
cancer and to probe the application possibility of gene
expression profiles for the classification of tumors.
METHODS: Rectal cancer tissues and their paired
normal mucosa were obtained from patients undergoing
surgical resection of rectal cancer. Total RNA was
extracted using Trizol reagents. First strand cDNA
synthesis was indirectly labeled with aminoallyl-dUTP
and coupled with Cy3 or Cy5 dye NHS mono-functional
ester. After normalization to total spots, the genes which
background subtracted intensity did not exceed 2 SD
above the mean blank were excluded. The data were
then sorted to obtain genes differentially expressed by
≥ 2 fold up or down in at least 5 of the 21 patients.
RESULTS: In the 21 rectal cancer patients, 23 genes
were up-regulated in at least 5 samples and 15 genes
were down-regulated in at least 5 patients. Hierachical
cluster analysis classified the patients into two groups
according to the clinicopathological stage, with one
group being all above stage Ⅱ and one group all below
stage Ⅱ.
CONCLUSION: The up-regulated genes and downregulated genes may be molecular markers of rectal

cancer. The expression profiles can be used for
classification of rectal cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
causes of cancer related deaths, the majority of which
are secondary to liver metastasis. Whereas significant
improvements have been made in patient survival, the
mortality is still quite high in patients with metastatic
cancer [1]. Clinical trials of new therapeutic agents are
constantly ongoing and drug effectiveness is improving.
However, a complete cure for patients with advanced
colorectal cancer awaits new targets and strategies. To
achieve this goal, a comprehensive understanding of the
mechanisms of colorectal carcinogenesis is essential. In the
last two decades these mechanisms have been intensively
studied. At the molecular level, activation of oncogenes[2]
and inactivation of tumor suppressor genes are processes
known to be involved in colorectal cancer[3,4]. CRC typically
develops over decades and involves multiple genetic events.
This has led to the development of a multi-step model
of colorectal tumorigenesis[5]. It is generally accepted that
one of the initiating steps in colorectal carcinogenesis is
mutation in APC tumor suppressor gene[6].
APC is known to bind to a cell signaling/transcription
factor β catenin. Activation of the Wnt pathway normally
signals the association of β -catenin with members of
the T-cek factor/lymphocyte-enhancer factor family and
translocation to nucleous[7,8]. This complex can activate
the transcription of a variety of target genes including
c-Myc [9] and cyclin D1 [10,11] . Loss of APC function
leads to an abnormal accumulation of β -catenin and
dys-regulates Wnt signaling [12] . Traditional methods
of identifying novel targets that are involved in colon
cancer progression are based on the studies of individual
www.wjgnet.com
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genes. The developments of oligonucleotide or cDNA
microarrays have made it possible to permit the expression
levels of tens of thousands of genes to be monitored
simultaneously and rapidly. These new methods have been
used to identify the genes involved in colorectal cancer
development. By using cDNA microarray with different
number of elements, many genes have been identified.
Kitahara[13] identified 235 genes of differential expression
in 9216 human genes by using laser-capture microdissection. These differentially expressed genes include
those associated with signal transduction, metabolic
enzymes, production of reactive oxygen species, cell cycle,
transcription, mitosis and apoptosis[13]. In another study,
Williams identified 2632 genes (574 up-regulated and
2058 down-regulated) of totally 9592 genes microarray
were consistently expressed in one-third patients[14]. In an
effort to use gene expression profiles to find the molecular
marker of rectal cancer, we constructed cDNA microarray
with 373 known genes and 73 expressed sequence tags
(ESTs) that are related to the pathogenesis of tumor.

MATERIALS AND METHODS
Fabrication of tumor associated genes cDNA microarray.
Totally 447 cDNA clones were obtained from the Research
Genetics (Invitrogen, life Technologies, USA). E. coli with
cDNA clones were cultured with LB supplemented with
ampicillin (50 mg/L) or chloramphenicol (170 mg/L).
Clone plasmids were extracted with Edge BioSystems
plasmid extraction kit. Clone inserts were PCR amplified
from the plasmids with M13 vector specific universal
primer (M13F: 5’-GGT GTA AAA CGA CGG CCA
GTG-3’; M13R: 5’-CAC ACA GGA AAC AGC TAT
G-3’) in 96-well PCR microtiters. The PCR products were
purified according to protocols published previously, and
resuspended in Arrayit Spot solution [DNA precipitations.
http://cmgm.stanford.edu/pbrown/protocols/2_DNA.
html[15]. The re-suspended PCR products were printed in
duplicate on silianated glass slides (Cel associated) with
Cartisan Spot machines and UV-cross-linked at 3500 mJ
using Stratagene cross-linker. Printed slides were postprocessed using an online method[16].
Tissue samples
Rectal cancer tissues and their corresponding normal rectal
tissues were obtained with informed consent from 21
patients who underwent surgical resection of their tumor
in Shandong Tumor Hospital. The tissues were stored
at -80℃. Tissues were homogenized with Trizol (Life
Technologies) in homogenizer of IKA. Total RNA was
extracted according to the manufacturer’s protocols. The
A(260/280) of total RNA was between 1.8-2.0.
Probe preparation and hybridization and data analysis
Twenty microgram of total RNA from matched tumor/
normal sample was reverse transcribed into cDNA using
Superscript Ⅱ (Invitrogen, Carlsbad CA) with random
hexamers (Invitrogen, Carlsbad CA). Probe preparation
was done based on online protocols and as described by
Yang[17] and slightly modified by our laboratory[18]. First
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strand cDNA synthesis was primed with 6 µg random
hexamers (Life Technologies) by heating at 70℃ for
10 min, snap-cooling on ice for 30 s and incubated at
room temperature for an additional 5-10 min. Reverse
transcription was performed in the presence of 500 µmol/L
each of dATP, dCTP and dGTP, 200 µmol/L aminoalyldUTP (Sigma), 300 µmol/L dTTP, 1 × first strand buffer,
10 µmol/L dithiolhreitol, and 400 U superscript Ⅱ (Life
Technologies, Carlsbad, CA) in 30 µL reaction at 42℃
overnight. Reactions were quenched with 0.5 mol/L
EDTA and RNA template was hydrolyzed by addition of
10 µL of 1 mol/L NaOH followed by heating at 70℃ for
10 min. Reactions were neutralized with 10 µL 1 mol/L
HCl and cDNA was purified with Amicon Microcon
YM100 according to the manufacturer’s protocol. cDNA
was lyophilized in speed vaccum Centrifuger (Eppendorf
5301) and resuspended in 4.5 µL of 0.1 mol/L sodium
carbonate( pH 9.0) buffer. NHS ester (4.5 µL) Cy3 or Cy5
dye (Amersham Pharmacia, GE Healthcare) in DMSO
[dye from one tube (1 mg) was dissolved in 73 µL of
DMSO] was added and reactions were incubated at room
temperature in the dark for 1 h. Coupling reactions were
quenched by addition of 41 µL of 0.1 mol/L sodium
acetate, pH 5.2, and unincorporated dye was removed
using QiaQuick PCR purification kits according to the
manufacturer’s instruction.
Hybridization and image processing
Each slide was printed with duplicate microarrays. Slides
were prehybridized in 1% BSA, 5 × SSC, 0.1% SDS for
45 min, washed by dipping in double distilled deionized
H2O and 2-propanol twice and air dried and used in 1 h.
Fluorescent cDNA probes were lyophylized to dryness
and resuspended in 10 µL hybridization buffer (formamide
5 µL, 20 × SSC 2.5 µL, RGDDH 201 µL, 2% SDS 0.5 µL
and 1 µL human cot-1 DNA). Combined Cy dye labeled
probes were denatured at 100℃ water bath for 2 min and
cooled at room temperature for 5 min. Room temperature
probes were applied to the pre-hybridized microarray
and covered with hybridized coverslip (Sigma) and placed
in the hybridization chamber (Corning). Hybridizations
were carried out at 42℃ water bath for 20-22 h followed
by washing in 2 × SSC and 0.1% SDS for 3 min, 1 ×
SSC for 2 min and 0.2 × SSC for 1 min and 0.05 × SSC
for 10 s, and dried by spinning in plate centrifuge at 800
rotation/min for 4 min. Arrays were scanned using a Scanarray 4000 dual color confocal laser scanner (Packard
Bioscience). Data were saved as paired TIFF images.
Paired images were analyzed with Quantarray 3.0 provided
by the Scanner. After normalized to the total, genes of
which the background subtracted intensity did not exceed
2 SD above the mean blank were excluded. The data were
then sorted to obtain genes differentially expressed by ≥
2 fold or ≤ 0.5 in at least 5 of the patients.
Semi-quantitative RT-PCR
Some of the differentially expressed genes were selected
for validation of the microarray results with semiquantitative RT-PCR. The sequences of the primers were
designed with online primer design software (Primer 3 old
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Figure 1 Histopathological
examination of the tumor
tissues of rectal cancer. A:
Normal rectal mucosa tissue;
B: Adenocarcinoma of rectal
tissues; C, D and E: images
of normal tissue, tumor
tissues and overlay image of
the tumor to normal of patient
N o . 1 9 r e s p e c t i v e l y. T h e
density of the spot reflects the
fluorescent intensity of the
genes. In the overlay images,
the yellow spots represent
the expression of the genes
in tumor tissues and normal
tissues were not significant.
The red spots represent the
up-regulated genes in rectal
cancer tissues. The green
spots represent the downregulated genes in rectal
cancer tissues.

B

D

Version http://www.genome.wi.mit.edu/cgi-bin/primer/
primer3.cgi#PRIMER_self_any [19]. The sequences of
primers used for RT-PCR are as follows: MTA1 forward,
5’-AGCTACGAGCAGCACAACGGGGT-3’, reverse,
5’-CACGCTTGGTTTCCGAGGAT-3’; β-actin forward,
5 ’ - G T G G G G C G C C C C AG G C AC C A - 3 ’ , r e ve r s e,
5’-CTCCTTAATGTCACGCACGATTTC-3′[12]. RT-PCRs
were performed with TAKARA version 2.1 RT-PCR kit
using random primers in 25 µL volume. The PCR reaction
was performed at 94℃ for 2 min, followed by 30 cycles at
94℃ for 30 s, 56℃ for 30 s and 72℃ for 30 s and a final
extension at 72℃ for 5 min. β-actin was used as internal
control. The products were electrophoresed in 1% agarose
(Spanish).
Immunohistochemistry analysis of the BCL-2 protein
expression in all patients
All the samples of rectal cancer and paired normal tissues
were subject to immunohistochemistry examination for the
expression of BCL-2 to validate the results of microarray.
The primary antibody of BCL-2 was a product of Santa
Cruz (1:100 dilution). The expressions of BCL-2 in tumor
and normal tissues were read by two pathologists blindly.
The image was captured with NIKON H600L microscope
with digital camera.
Cluster analysis and principal component analysis
The normalized ratios of all pairs of samples of rectal
cancer were put into an Excel-sheet. And every ratio was
log2 transformed and saved as a tab-delimited Txt. file that
was ready to be analyzed with Version 5.0 kindly provided
online free of charge by Professor Leif E Peterson (http://
mbcr.bcm.tmc.edu/genepi)[20].

RESULTS
Totally 21 pairs of rectal samples were analyzed. Their
pathological and clinical characteristics are shown in Table 1. The

E

Table 1 Clinical data of the rectal cancer patients
Patient No.

Age (yr)

Sex

TNM

Clinical stage

1

31

Male

T4N2M0

Ⅲ

2

51

Female

T3N1M0

Ⅲ

3

47

Male

T3N1M0

Ⅲ

4

67

Female

T3N0M0

Ⅱ

6

49

Male

T2N2M0

Ⅲ

7

38

Male

T3N0M0

Ⅱ

8

59

Female

T3N0M0

Ⅱ

9

53

Male

T3N0M0

Ⅱ

10

62

Male

T2N0M0

Ⅰ

11

62

Male

T3N1M0

Ⅲ

12

41

Male

T3N1M0

Ⅲ

13

33

Male

T4N0M0

Ⅱ

14

76

Male

T3N1M0

Ⅲ

15

75

Female

T2N0M0

Ⅰ

16

32

Female

T3N1Mo

Ⅲ

17

65

Female

T3N1Mo

Ⅱ

18

48

Female

T3N0Mo

Ⅱ

19

32

Male

T3N2M0

Ⅲ

20

68

Male

T2N0M0

Ⅰ

21

76

Male

T3N0M0

Ⅱ

22

76

Male

T3N0M0

Ⅱ

T1-4 represent the size of the tumor; N0-4 represent the level of node
metastasis; M1-4 represent the level of metastasis.

tissue samples were all confirmed to be rectal cancer and
normal paired tissues (Figure 1A and B). The differential
expression genes were identified by a tumor associated
genes microarray fabricated in our laboratory. The
representative scan images are shown in Figure 1C, D and
E which represented the image of normal tissue, rectal
cancer and the overlay of the image respectively. In the
overlay images of microarray, red color spots represented
genes that were up-regulated in rectal cancer tissues, green
color spots represented down-regulated genes and yellow
color spots represented the expression of genes in cancer
www.wjgnet.com
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Table 2 Commonly up-regulated genes in rectal cancer patients
showing ≥ 2 fold over expression
Accession
No.

Gene description

NM_000184
NM_000633

January 21, 2007

Volume 13

Number 3

Table 3 Commonly down-regulated genes in rectal cancers
showing < 0.5 under expression

Patients
(n )

Accession
No.

Gene description

Hs.23763, hemoglobin, gamma G (186624)

8

Not found

Hs.170311, EST (126182)

5

B-cell CLL/lymphoma 2 (BCL2), nuclear gene
encoding mitochondrial protein, transcript
variant alpha (3950016)

6

NM_004689

Metastasis associated 1 (MTA1) (4054392)

5

BC001766

5

Not found

Hs.77579, ESTs (2811005)

6

S100 calcium-binding protein, beta
(neural) (S100B) (759948)

Not found

Hs.87497, ESTs (1216395)

5

NM_005246

Fer (fps/fes related) tyrosine kinase
(phosphoprotein NCP94) (FER) (3886018)

5

BB366468

Hs.126701, ESTs, Weakly similar to homolog
of the Aspergillus nidulans sudD gene
product [H.sapiens] (1082187)

5

NM_001920

Decorin (DCN) (274397)

5

NM_001951

5

NM_000600

Interleukin 6 (interferon, beta 2) (IL6) (3876176)

5

E2F transcription factor 5, p130-binding
(E2F5) (701492)

NM_004469

c-fos induced growth factor (vascular
endothelial growth factor D) (FIGF) (160946)

5

NM_002211

Homo sapiens integrin, beta 1 (fibronectin
receptor, beta polypeptide, antigen CD29
includes MDF2, MSK12) (ITGB1) (531839)

5

BM440387

KIAA0712 gene product (539641)

5

Not found

Hs.23954, ESTs (132543)

5

Hs.106513, Homo sapiens mRNA; cDNA
DKFZp586I1518 (from clone
DKFZp586I1518) (585388)

5

Not found

Hs.5621, ESTs (2947053)

5

NM_007191

Wnt inhibitory factor-1 (WIF-1) (40908)

5

NM_002210

Integrin, alpha V (vitronectin receptor,
alpha polypeptide, antigen CD51)
(ITGAV) (3878920)

5

NM_021785

Retinoic acid induced 2 (RAI2) (501868)

5

Not found

5

L12168

Adenylyl cyclase-associated protein (2217802)

5

NM_007047

Hs.19301, butyrophilin, subfamily 3,
member A2 (1070574)

5

Tachykinin, precursor 1 (substance K,
substance P, neurokinin 1, neurokinin 2,
neuromedin L, neurokinin alpha,
neuropeptide K, neuropeptide gamma)
(TAC1), transcript variant beta (784179)

NM_018844

b-cell receptor associated protein (2746778)

5

NM_004345

Cathelicidin antimicrobial peptide
(CAMP) (3057931)

5

U41371

Spliceosome associated protein 145 (1964680)

5

AF385430

Hs.5621, ribosomal protein S19 (728984)

5

Rho GTPase activating protein 1
(ARHGAP1) (3896574)

5

NM_001022
NM_002506

Nerve growth factor, beta polypeptide
(NGFB) (72869)

5

NM_005252

v-fos FBJ murine osteosarcoma viral
oncogene homolog (FOS) (755279)

5

NM_000121

Erythropoietin receptor (EPOR) (114048)

5

NM_003371

Vav 2 oncogene (VAV2) (3861692)

5

NM_000267

Neurofibromin 1 (neurofibromatosis,
von Recklinghausen disease, Watson disease)
(NF1) (3868563)

5

AF071400

Plasminogen activator inhibitor, type Ⅱ
(arginine-serpin) (PAI2) (323255)

5

NM_006059

Laminin, gamma 3 (LAMC3) (2497685)

5

NM_002865

Hs.234726, RAB2, member RAS
oncogene family (728947)

5

NM_013230

Hs.180414, CD24 antigen (small cell lung
carcinoma cluster 4 antigen) (115306)

5

BB217505

The number in the brackets represents IMAGE clone number.

tissue, which were between 0.5-2.0. If the ratio of the
duplicate spots was the same, we defined it the significantly
differentially expressed gene. The expression ratios of
tumor associated genes in tumor and paired normal
rectal tissues were analyzed with QuantaArray 3.0 and
normalized to the total. The 2-fold up- or down-regulated
genes were defined as differential expression genes.
The results showed that 23 genes were up-regulated
in at least 5 samples (Table 2) and 15 genes were down
regulated at least in 5 samples (Table 3). The up-regulated
genes included growth factors, growth factor receptor,
nuclear transcription factor, oncogenes, adhesion
molecules, and some metabolic enzymes.
To validate the results of microarray examination, the
expression of MTA1 mRNA was measured with semiquantitative RT-PCR using β -actin as internal control.
www.wjgnet.com

Patients
(n )

The numbers in the brackets represent IMAGE clone number.

The results showed that the MTA1 expression was downregulated (Figure 2). The up-regulation of BCL-2 was
also validated by immunohistochemistry and significant
expression of BCL-2 was shown in tumor tissues and less
expression in normal rectal mucosa (Figure 3A-D).
For the cluster analysis, the Claufavor version 6.0 supplied kindly by Professor Leif Peterson was used to classify the patients or genes by gene expression profiles. As
a result, the patients were classified into two groups, with
patients No 22, 13, 12, 1, 11, 21, 19, 2, 6, 16, 15, 3 into
one group which were all above grade Ⅱ except patient
No 15 and the other patients into another group. The top
100 genes that were related with rectal cancer are shown
in Figure 4A and B. Principal component analysis showed
that all the genes were belonged to 7 factors, in which 17
genes were positively correlated with factor 1 (r > 0.45).
They are as follows: apoptosis associated protein, xeroderma pigmentosum, complementation group A (XPA),
early endosome antigen 1162 kDa (EEA), lactate dehydrogenase A, spectrin, alpha non-erythrocytic 1 (alpha-fodrin),
small nuclear ribonucleoprotein associated protein n (human), phorbol-12-myristate-13-acetate-induced protein 1
(PMAIP1) , RAS p21 protein activator (GTPase activating
protein) 1 (RASA1), cathepsin D (lysosomal aspartyl protease) (CTSD), v-ski avian sarcoma viral oncogene homolog (SKI), Hs.271616, ESTs, small nuclear ribonucleoprotein associated proteins b and b’ (human); contains mer22.
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Figure 2 Semi-quantitative RT-PCR of MTA1 mRNA. A: Electrophoresis image of MTA1 expression, lanes 1-8 represent the mRNA expression of MTA1 in 4 pairs of rectal
cancer patients, respectively. Lanes 1, 3, 5, 7 were normal tissues and 2, 3, 6, 8 were tumor tissues. B: The semi-quantitative analysis results with spot intensity software.
The ratios of MTA1 in tumor tissues were lower than that of paired normal tissues.
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t1 mer22 repetitive element, CD83 antigen (activated B
lymphocytes, immunoglobulin superfamily) (CD83), bone
marrow stromal cell antigen 1 (BST1), Wnt inhibitory factor-1 (WIF-1), histone deacetylase 1 (HDAC1), microvascular endothelial differentiation gene 1 (MDG1).
Nine genes were negatively correlated with factor 3 (r <
-0.45) (Figure 4B); they are as follows: apoptosis associated
protein, phospholipase C, delta 1 (PLCD1), small nuclear
ribonucleoprotein associated protein n (human), RAS p21
protein activator (GTPase activating protein) 1 (RASA1),
cathepsin D (lysosomal aspartyl protease) (CTSD), met
proto-oncogene (hepatocyte growth factor receptor)
(MET), 65 KDa yes-associated protein; contains Alu
repetitive element; contains element MER31 repetitive
element, KIAA0712 gene product, ESTs (Weakly similar to
homolog of the Aspergillus nidulans sudD gene product).
These results showed that microarray expression profiles
may be used for the classification of rectal cancer.

Figure 3 Validation of the expression
of BCL-2 with immunohistochemistry
method. A: The normal rectal mucosa.
There was no expression of BCL-2
in all the cells; B: The expression
o f B C L - 2 i n w e l l d i ff e r e n t i a t e d
rectal cancer. The tumor cells were
stained yellow-brown by DAB; C:
The expression of BCL-2 in another
intermediately differentiated rectal
cancer. The expression of BCL-2
was also significant in tumor cells; D:
The expression of BCL-2 in poorly
differentiated rectal tissues.

DISCUSSION
Differential gene expression can be detected in several
ways, including differential screening of cDNA libraries[21],
subtraction hybridization[22] differential display of RNA[23],
serial analysis of gene expression (SAGE)[24] and cDNA
microarray [25]. Among these cDNA microarray is the
most commonly used technique now for surveying many
samples with thousands of genes [26]. By using cDNA
microarray methods and laser capture microdissection,
235 differential expression genes were identified from
colorectal cancers[14]. A colonchip has been constructed
for the identification of genes that are related to colorectal
cancer tumorigenesis, 59 genes showing two-fold increase
of altered expression with 23 genes commonly upregulated and 36 genes commonly down-regulated in
colorectal cancer[27]. All these studies were about colorectal
carcinoma, while few were concerned with rectal cancer.
Moreover, rectal cancer has the tendency to occur in young
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Figure 4 Hierarchial cluster analysis and principal component analysis results. A: Hierachial cluster analysis of patients and genes. The patients could be classified into two
groups: one group of clinicopathological stage above grade Ⅱ and one group below grade Ⅱ. B: Principal component analysis of the genes related to rectal cancer.

age. To identify the molecular markers of rectal cancer we
constructed a tumor associated genes cDNA microarray
for the evaluation of the predisposition to metastasis with
gene expression profiles. All the tumor associated genes
were selected from literatures that are related with the
growth, invasion and metastasis process of tumor and
some ESTs. We used this cDNA microarray to detect the
differential expression genes that play important roles in
the pathogenesis of rectal cancer. We found that 23 genes
were up-regulated in rectal cancers compared with their
paired normal tissues. The most commonly expressed
www.wjgnet.com

gene in rectal cancers was BCL-2. It was validated by
immunohistochemistry. We also found that oncogene vav-2
was up-regulated in 5 of the 21 patients. Vav-2 acts as a
guanosine nucleotide exchange factor (GEF) for RhoG
and RhoA-like GTPases in a phosphotyrosine-dependent
manner. Vav-2 oncogenic activation correlates with the
acquisition of phosphorylation-independent exchange
activity. In vivo, wild-type Vav-2 is activated oncogenically
by tyrosine kinases, an effect enhanced further by coexpression of RhoA. Likewise, the Vav-2 oncoprotein
synergizes with RhoA and RhoB proteins in cellular
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transformation. Transient transfection assays in NIH-3T3
cells show that phosphorylated wild-type Vav-2 and the
Vav-2 oncoprotein induce cytoskeletal changes resembling
those observed by the activation of the RhoG pathway.
In contrast, the constitutive expression of the Vav-2
oncoprotein in rodent fibroblasts leads to major alterations
in cell morphology and to highly enlarged cells in which
karyokinesis and cytokinesis frequently are uncoupled[28].
There were 15 down-regulated genes including PIGF
gene products, MTA1, WIF-1 ras-guanine releasing
protein and all pre-mRNA cleavage factor Im. There was
a controversial report that MTA1 are down-regulated
in rectal cancer and it has been validated by RT-PCR.
Toh et al[29] reported a relative over-expression of MTA1
mRNA (tumor/nor mal ratio ≥ 2) was obser ved in
14 of 36 (38.9%) colorectal carcinomas. Tumors overexpressing MTA1 mRNA exhibited a significantly deeper
wall invasion and a higher rate of metastasis to lymph
nodes, and tended to be at an advanced Dukes’ stage with
frequent lymphatic involvement[29].
In addition, Nicolson has reported the over-expression
of MTA1 in several cell lines (the breast, ovarian, lung,
gastric and colorectal cancer but not melanoma or
sarcoma) and cancerous tissues (breast, esophageal,
colorectal, gastric and pancreatic cancer)[30]. Giannini et al[31]
have reported that MTA1 increased in tumor tissues than
in normal tissues by real-time PCR. This difference may
be attributed to the different function MTA1 exerts in
different tumor stage. Further studies are needed at protein
levels.
To investigate the possibility of classification of tumor
with gene expression profiles, hierarchical cluster analysis
was done and the results showed that the patients could be
divided into two groups: clinicopathological grade higher
than grade Ⅱ and the other below grade Ⅱ.
Many studies have done to uncover mechanisms
underlying progression of colorectal carcinogenesis and
to identify genes associated with the liver metastasis.
Li et al [32] analyzed expression profiles of 14 primary
colorectal cancers with liver metastases, and compared
them with profiles of 11 non-metastatic carcinomas and
those of 9 adenomas of the colon. A hierarchical cluster
analysis using data from a cDNA microarray containing
23 040 genes indicated that the cancers with metastasis
had different expression profiles from those without
metastasis although a number of genes were commonly
up-regulated in primary cancers of both categories. They
found that 54 genes were frequently up-regulated and
375 genes were frequently down-regulated in primary
tumors with metastases to liver, but not in tumors without
metastasis. Subsequent quantitative PCR experiments
confirmed that PRDX4, CKS2, MAGED2, and an EST
(GenBank accession number BF696304) were expressed
at significantly higher levels in tumors with metastasis[32].
Koehler has studied the expression profiles of 25
colorectal carcinomas (CRCs, pT1-4), corresponding
normal colonic mucosa, and 14 liver metastases using
cDNA arrays containing 1176 cancer-related genes
(Clontech). They found no specific expression signature in
matching metastases, but a set of 23 classifier genes with
statistically significant expression patterns in high- and
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low-stage tumors was identified[33].
Komori et al [34] constr ucted the gene expression
profiles of 50 colorectal cancers (CRCs) and 12 normal
colorectal epithelia using a cDNA microarray specially
constructed for CRC. Hierarchical clustering analysis and
principal component analysis could clearly distinguish
the gene profiles of cancer tissues from those of normal
tissues. They identified 22 up-regulated genes and 32
down-regulated genes in CRC. Many of these genes have
been previously identified in association with human
carcinogenesis, being 68% and 78%, respectively[34].
Moreover, D’Arrigo et al[35] compared the transcriptional
profiles of 10 radically resected primary CRCs from
patients who did not develop distant metastases within
a 5-year follow-up period with those of 10 primary/
metastatic tumor pairs from patients with synchronous
liver metastases. Arrays of 7864 human cDNAs were
utilized using laser-microdissected bioptic tissues. Of 37
gene expression differences found between the 2 groups
of primary tumors, 29 were also different between nonmetastasizing tumors from metastases. The gene encoding
mannosyl (alpha-1, 3-)-glycoprotein beta-1, 4-N-acetylglucosaminyl-transferase (GnT-Ⅳ) became significantly
up-regulated in primary/metastatic tumor pairs (P <
0.001)[35]. All these results were obtained from colorectal
cancer. However, colon cancer and rectal cancer may have
different molecular markers. Our methods have similar
ability in classifying tumor with gene expression profiles.
In conclusion, we have screened 23 up-regulated genes
and 15 down-regulated genes from 21 rectal cancers.
Hierarchical cluster analysis divided the patients into one
group with clinicopathological stage above Ⅱ, and one
group below stage Ⅱ. These genes may be the molecular
markers of rectal cancer. In addition, we have also found
gene expression profiles in different stage of rectal cancers
and to further screen the molecular markers in each stage
of the cancer larger samples are needed.
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Abstract
AIM: To investigate whether red wine and green tea
could exert anti-H pylori or anti-VacA activity in vivo in a
mouse model of experimental infection.
METHODS: Ethanol-free red wine and green tea
concentrates were administered orally as a mixture
of the two beverages to H pylori infected mice, or
separately to VacA-treated mice. Gastric colonization and
gastric inflammation were quantified by microbiological,
histopathological, and immunohistochemical analyses.
RESULTS: In H pylori -infected mice, the red wine
and green tea mixture significantly prevented gastritis
and limited the localization of bacteria and VacA to
the surface of the gastric epithelium. Similarly, both
beverages significantly prevented gastric epithelium
damage in VacA-treated mice; green tea, but not red
wine, also altered the VacA localization in the gastric
epithelium.
CONCLUSION: Red wine and green tea are able to
prevent H pylori -induced gastric epithelium damage,
possibly involving VacA inhibition. This observation
s u p p o r t s t h e p o s s i b l e r e l e va n c e o f d i e t o n t h e
pathological outcome of H pylori infection.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori chronically infects human stomach, causing
atrophic g astritis. T he majority of infections are
asymptomatic; nevertheless, infected individuals can incur
severe gastroduodenal diseases such as peptic ulcer [1]
and gastric mucosa-associated lymphoid tissue (MALT)
lymphoma [2]. H pylori infection plays a relevant role in
gastric carcinogenesis, which was also shown in animals[3].
The current antibiotic-based therapies against H pylori are
generally effective, but can fail due to antibiotic resistance
or lack of patient compliance. To colonize the host
stomach, H pylori expresses several factors that can play a
role in pathogenesis. One that is most characterized is the
vacuolating cytotoxin VacA, which induces cell vacuolation
and rearrangements of late endosomes and lysosomes
in vitro [4]. VacA forms anion-selective, urea-permeable
channels in artificial and plasma membranes[5]. It promotes
diffusion across the epithelium of urea [6] , which is
hydrolysed by H pylori urease, leading neutralisation of
acidic gastric juice and thus favouring bacterial survival.
In vitro, VacA exhibits several properties that suggest its
role in disturbing the host immune system, although in
vivo experimental proof of similar activity remains to
be provided[7]. The most evident in vivo activity of VacA
is to cause damage of gastric epithelium, as shown in
murine models [8,9]. Plant-derived substances have been
reported to limit H pylori gastric colonization in Mongolian
gerbils[10,11]. We have previously found that polyphenols
and polyphenol-rich beverages, such as tea and wine,
inhibit VacA activity in vitro[12], and that some polyphenols
can limit both H pylori- and VacA-induced gastric damage
in vivo[13]. Also, it has been recently reported that hop bract
extract exerts anti-VacA activity in vitro and in vivo[14]. In
the present paper we investigated whether red wine and
green tea concentrates could influence gastric colonization
or gastric pathology in H pylori-infected or VacA-treated
mice.

www.wjgnet.com

350

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

MATERIALS AND METHODS
Bacteria
SPM 326, a Type I H pylori strain expressing s1/m1 VacA
isoform, was used [15]. Bacteria were grown at 37℃ in
Columbia Agar (Oxoid, Basingstoke, UK) plates containing
5% fresh defibrinated horse serum and Dent’s supplement
(Oxoid), under microaerophylic conditions, using
CampyGen (Oxoid), and harvested in saline immediately
before challenge.
Toxin
Native s1/m1-type VacA was produced and tested
for vacuolating activity on HeLa cells as previously
described[16,17]. Prior to use, it was activated at pH 2.0 for
10 min at R.T., then neutralized and diluted in saline.
Red wine and green tea concentrates
Red wine (RW) was produced on a local (Sar mede,
Italy) family vineyard by the traditional spontaneous
fermentation process, without additives. Green tea (GT)
infusion was obtained by boiling 2 g of lyophilised
and otherwise untreated leaves from Morocco in 1 L
of distilled water for 5 min. GT and alcohol-free RW
concentrates were obtained by vacuum distillation at 30℃,
then stored in aliquots at -20℃. Prior to administration
concentrates were thawed, diluted in water to reach 3-fold
(RW) or 1.5-fold (GT) concentration in comparison with
the original volume, and filtered at 0.2 µm. RW + GT
mixture was prepared at the same final concentrations.
Mice and study design
Specific-pathogen-free mice (Charles River, Calco, Italy)
were housed and treated in compliance with the current
law. The schedule of the treatments is summarized in
Table 1. Overnight starved 6-wk old CD1 mice (average
body weight 22 g) were infected intragastrically by two
administrations each other day of 10 8 CFU/mouse [15].
Alternatively, starved 6-wk old BALB/c mice (average
body weight 18 g) received two intragastric administrations
each other day of either 10 µ g or 50 µ g of VacA [8] .
Controls received saline only. Starting 24 h before infection
or VacA administration, the animals had free access to
drinking water containing 1% glucose and RW + GT in the
case of H pylori infection, RW or GT in the case of VacA
administration. Controls drank a 1% glucose solution.
The beverages were changed daily; their intake was about
5 mL/d per mouse, without appreciable differences
among the different groups. Two weeks after infection,
or 4 d after the first VacA treatment, the animals were
euthanized, and each stomach immediately removed and
cut along the greater and lesser curvature, obtaining two
equivalent parts. One part was formalin fixed and paraffin
embedded for further histopathological analysis. Gastric
mucosa was scraped from the remaining half stomach and
cultured on selective plates, prepared as described above
with the addition of 0.2 mg/mL bacitracin (Sigma-Aldrich),
to quantify H pylori colony forming units (CFU).
Histopathology
From paraffin-embedded stomachs 4 µm-thick sections
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Table 1 Schedule of treatments
Group

n

D -1 to the D 0
D of sacrifice

D2

D4

D 14

RW + GT 6

RW + GT

Infection

Infection

-

Sacrifice

Infected

6

1% glucose

Infection

Infection

-

Sacrifice

Non
infected

6

1% glucose

Saline

Saline

-

Sacrifice

RW

5

RW

VacA 10 μg VacA 10 μg Sacrifice -

5

RW

VacA 50 μg VacA 50 μg Sacrifice -

5

GT

VacA 10 μg VacA 10 μg Sacrifice -

5

GT

VacA 50 μg VacA 50 μg Sacrifice -

5

1% glucose

VacA 10 μg VacA 10 μg Sacrifice -

5

1% glucose

VacA 50 μg VacA 50 μg Sacrifice -

5

1% glucose

Saline

GT
VacA
control
Saline

Saline

Sacrifice -

were cut, dewaxed, and stained with haematoxylin-eosin
(HE), then blindly examined. Gastritis was graded in
antrum, corpus and fundus of each stomach according
to the updated Sydney System[18], and scored from 0 to
3 corresponding to normal, mild, moderate and severe,
respectively. Gastric sections were also subjected to
immunohistochemical (IHC) staining using either an
anti-H pylori polyclonal antibody (HistoLine) or an antiVacA monoclonal antibody as already described[13,19].
Statistical analysis
Data were evaluated by one-tailed Mann-Whitney U test.
Probability values less than 5% (P < 0.05) were considered
and referred to as statistically significant.

RESULTS
Red wine and green tea alter the H pylori localization in
gastric mucosa
H pylori SPM 326 colonized stomachs of both control
and RW + GT-treated mice, giving geometric means of
1.6 × 103 and 2.6 × 103 CFU/stomach respectively, lacking
significant difference (P = 0.22). While in RW + GT-treated
animals H pylori was detectable by IHC mainly on the
surface of the gastric mucosa (Figure 1A), in the infected
control both superficial and deep staining was observed
(Figure 1C). In adjacent sections, VacA localization by
IHC resulted very similar to that of H pylori, with the
difference that VacA staining appeared slightly weaker in
RW + GT-treated animals (Figure 1B) and slightly stronger
in the infected controls (Figure 1D) as compared with the
corresponding H pylori staining.
Red wine and green tea prevent H pylori-induced gastritis
The observation of HE-stained sections of gastric mucosa
of H pylori-infected controls revealed gastric inflammation
of normal/mild grade in antrum, and mild/moderate
in corpus and fundus. Gastritis scores were assigned to
antrum, corpus and fundus of each mouse stomach and
the mean of the three gastric sites was calculated. RW
+ GT-treated mice showed gastritis scores significantly
lower than those of the corresponding infected, untreated
controls (P < 0.05) (Figure 2A).
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A

Anti-VacA

A

B

RW + GT

Gastritis score

2

1

Infected control			

0

C

100 μm

D

10 μm

Figure 1 Representative images of IHC detection of H pylori (A and C) or VacA
(B and D) in gastric mucosa sections from H pylori-infected mice in the presence
(A and B) or in the absence (C and D) of RW + GT treatment. In the gastric
epithelium of infected controls (C and D, adjacent sections) H pylori and VacA are
detectable with a similar pattern, both superficially and deeply, while upon RW +
GT treatment (A and B, adjacent sections) the immunostaining is mainly confined
to the surface of the epithelium. Inserts at larger magnification show typical H pylori
morphology (arrowheads).

Red wine and green tea prevent VacA-induced gastritis
Administration of 10 µ g of VacA induced significant
gastritis as compared with saline treatment (P < 0.05),
although epithelial damage was little or absent in the
antrum, and very mild in corpus and fundus. With this
dose of VacA, reduction of gastritis scores was significant
upon administration of GT (P < 0.05), but not of RW.
Treatment with 50 µg of VacA induced significant (P <
0.01) and more evident gastritis (Figure 2B). The mucosal
alterations were significantly milder in mice receiving RW
or GT (Figures 2B, 3A and C) than those observed in VacA
controls (Figures 2B and 3E). VacA controls presented
mild epithelial damage in the antrum, and moderate/
severe in corpus and fundus, where alteration of mucosal
architecture was observed, with epithelial vacuolisation,
diffuse mucosal erosion, and some ulcerations (Figure
3E). Gastric mucosa from saline controls did not show
appreciable alterations as expected (Figures 2B and 3G).
Green tea alters VacA localization in gastric mucosa
The presence and distribution of VacA was examined
by IHC in RW- and GT-treated gastric mucosa (Figure
3B and D), in comparison with VacA and saline controls
(Figure 3F and H). VacA was detected both superficially
and deeply in the gastric mucosa of mice that received
either 10 µg (data not shown) or 50 µg of VacA (Figure

RW + GT
Infected ctrl
Non-infected ctrl
n =6

a

b

Infected

B
2

Gastritis score

Anti-H pylori 		

351
RW
GT
VacA ctrl
Saline ctrl
n =5

a
b

b

b

a
1

0

VacA 10 μg

VacA 50 μg

Figure 2 Gastritis score of H pylori-infected (A) or VacA-treated (B) mice in the
presence or in the absence of RW and/or GT as indicated. Mean of antrum, corpus
and fundus scores of each group. Bars = SE. aP < 0.05, bP < 0.01 comparison
between the indicated groups.

3F), the higher VacA dose producing a qualitatively similar
but more intense staining than the lower dose. RWtreated mice showed similar staining as compared with
VacA-treated controls (Figure 3B and F, respectively). In
contrast, gastric mucosa of GT-treated mice showed only
superficial staining of VacA, which was undetectable in the
gland crypts (Figure 3D). Saline controls were completely
negative as expected (Figure 3H).

DISCUSSION
Upon experimental infection, CD1 mice are stably
colonized by H pylori and develop gastric inflammation
reproducing several of the aspects of the gastric pathology
observed in infected humans [15] . We chose to test in
this model RW and GT on the basis of their previously
demonstrated anti-VacA activity [12], and also because
they are very common beverages, whose activity against
H pylori has been already proposed in other models[20,21].
In our model, upon H pylori infection, RW + GT did not
induce significant variation of gastric colonization levels
in terms of CFU count, although qualitatively altering
the distribution of bacteria that were localized more
superficially in the gastric epithelium. We cannot exclude
that such a difference of bacterial localization could have
affected the quantification of colonization. However, if on
one hand the action of RW + GT on H pylori infection
level was difficult to quantify, on the other hand we
observed a measurable and significant reduction of gastric
inflammation. This result could be due to the observed
restriction of the infection to the surface of gastric
epithelium, but also to the possible inhibition of VacA
exerted by RW + GT in vivo. In fact, VacA-deficient strains
are able to infect mice, even though VacA can confer an
advantage at early stages of the infection[22]. Thus, in vivo
inhibition of VacA could be reasonably expected to limit
gastric damage, but not necessarily to produce a significant
and stable decrease of H pylori colonization. Therefore,
we evaluated the ability of GT and RW to prevent gastric
epithelium damage induced by administration of purified
native VacA to BALB/c mice. This mouse strain does
not allow stable colonization by SPM326[23], whereas it
www.wjgnet.com
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C

D

E

F

Saline control		

VacA control				

VacA + GT				

VacA + RW

B

G

50 μm

H

is sensitive to VacA[8]. In this model both GT and RW
were able to significantly prevent VacA-induced gastric
inflammation. Moreover, GT treatment resulted in VacA to
be localized only on the surface of the gastric epithelium,
and not in the gland crypts, similarly to the results observed
in H pylori-infected mice subjected to RW + GT treatment,
and also similarly to that reported for hop bracts extract
administration to VacA-treated mice[14]. Thus, under our
experimental conditions, different actions on VacA appear
www.wjgnet.com

Number 3

Figure 3 Representative images of sections of
gastric corpus mucosa of mice treated with 50 µg
of VacA in the presence (A-D) or in the absence
(E and F) of RW or GT as indicated, in comparison
with saline-treated control (G and H). HE staining
(A, C, E and G): VacA control (E) shows a typical
loss of mucosal architecture, with areas of
cellular debris and inflammatory cells admixture
(arrowhead), almost undetectable in the presence
of RW (A) or GT (C). IHC detection of VacA (B, D,
F and H): distribution of VacA upon RW treatment
(B) is both superficial and deep, similarly to that of
VacA-treated control (F), while upon GT treatment
(D) VacA is detectable only on the surface of
gastric epithelium.

IHC

A

Volume 13

100 μm

to be exerted by RW and GT, the former preventing gastric
epithelium damage without altering the toxin localization,
the latter also limiting its penetration in the gastric
epithelium. It must be remarked that VacA is not the only
actor on the scene of the pathological outcome of H pylori
infection, whose mechanisms are only partially known,
and that the identification of H pylori virulence factors still
requires investigation[24]. Both in humans and animals, the
disease outcome depends on the virulence of the infecting
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strain and on the host’s genetic background and immune
response[25-27]. Also, the development of gastric pathology
in humans can be influenced by lifestyle[28,29], and more
generally by environmental factors. However, due to the
evidence of the direct role of VacA in determining gastric
damage[8,30,31], its inhibition can be reasonably considered
relevant to limit H pylori-induced gastric pathology. In
conclusion, we have shown that green tea and red wine
can prevent the deterioration of gastric mucosa induced by
H pylori infection or VacA administration in mice, possibly
involving inhibition of VacA toxin. The potential relevance
in humans of this protective activity deserves further
investigation.
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H pylori infection of human stomach causes atrophic gastritis, peptic ulcer and
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relevant role in gastric carcinogenesis. The current antibiotic-based therapy faces
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+ GT-treated mice was accompanied by the prevention of gastritis, similarly to
that reported by Matsubara et al with GT extracts in Mongolian gerbils. In mice
administered with VacA toxin, GT treatment both prevented gastric inflammation
and limited VacA penetration into the gastric mucosa, while RW was able to
prevent gastric inflammation only; the effect of both substances can be at least
in part related to VacA inhibition, which we have previously observed in vitro with
these substances. The results obtained with GT in VacA-treated mice are similar
to those reported by Yahiro et al with hop bracts extract.
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damage, respectively.
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Abstract
AIM: To investigate the prevalence of hepatitis C virus
(HCV) genotypes in Serbia and Montenegro and their
influence on some clinical characteristics in patients with
chronic HCV infection.
METHODS: A total of 164 patients was investigated.
Complete history, route of infection, assessment of alcohol consumption, an abdominal ultrasound, standard
biochemical tests and liver biopsy were done. Gene sequencing of 5’ NTR type-specific PCR or commercial kits
was performed for HCV genotyping and subtyping. The
SPSS for Windows (version 10.0) was used for univariate
regression analysis with further multivariate analysis.
RESULTS: The genotypes 1, 2, 3, 4, 1b3a and 1b4 were
present in 57.9%, 3.7%, 23.2%, 6.7%, 6.7% and 1.8%
of the patients, respectively. The genotype 1 (mainly the
subtype 1b) was found to be independent of age in subjects older than 40 years, high viral load, more severe
necro-inflammatory activity, advanced stage of fibrosis,
and absence of intravenous drug abuse. The genotype
3a was associated with intravenous drug abuse and the
age below 40. Multivariate analysis demonstrated age
over 40 and intravenous drug abuse as the positive predictive factors for the genotypes 1b and 3a, respectively.
CONCLUSION: In Serbia and Montenegro, the genotypes 1b and 3a predominate in patients with chronic
HCV infection. The subtype 1b is characteristic of older
patients, while the genotype 3a is common in drug abusers. Association of the subtype 1b with advanced liver

INTRODUCTION
A n a lysis o f g en o me o f h e p a titis C vir us (HCV)
isolates from around the world has shown substantial
heterogeneity of nucleotide sequences and has identified at
least six genotypes[1,2]. The prevalence of HCV genotypes
mostly depends on geographic location and for that
reason, the genotype identification is crucially important
in epidemiological investigation[3]. However, it is thought
that HCV genotypes may influence some diversity in liver
disease presentation, its outcome and response to antiviral
treatment[4].
The aim of our study was to determine the HCV
genotype prevalence in this area of the Southeast part of
the Balkan and to evaluate the genotype distribution and
its association with some clinical characteristics in patients
with chronic HCV infection.

MATERIALS AND METHODS
Subjects
We retrospectively studied 164 patients with chronic HCV
infection that had been selected for antiviral treatment.
Patients were hospitalized in the Institute for Infectious
and Tropical Diseases, Department for Viral Hepatitis,
from January 1, 2005 to March 31, 2006. Patients with
decompensated liver cirrhosis, hepatocellular carcinoma
(HCC), co-infection with hepatitis B virus (HBV) and
human immunodeficiency virus (HIV) were excluded
www.wjgnet.com
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Mean ± SD (yr)

Range (yr)

11

95

44 ± 12

21-65

2

6

36 ± 13

22-51

3

38

37 ± 10

23-62

4

11

32 ± 13

16-55

1b3a

11

31 ± 9

18-48

1b4

3

42 ± 11

33-54

164

41 ± 12

16-65

Total

40
30
23.2
20
10
3.7

1

Including 1b, 1a, 1ab and two non-determined subtypes.

from the study. Complete history with possible route of
infection, physical examination, assessment of alcohol
consumption, an abdominal ultrasound and standard
biochemical liver functional tests were taken in investigated
patients. Alanine aminotransferase (ALT) values were
measured at presentation. Percutaneous liver biopsy was
performed in all patients. The hepatic pathology expert
assessed histological grades (activity) and stages (fibrosis)
with Masson’s trichrome stained tissue specimens, using
the Ischak scoring system [5] . In the whole cohort of
patients, there were 98 males and 66 females, aged from
16-65 years (mean, 41 ± 12).
Viral investigations
For detection of sera specific antibodies to HCV and HIV
(anti-HCV, anti-HIV) and surface HBV antigen (HBsAg),
commercial kits were used (Ortho EIA; BioRad, ELISA).
Quantification of the viral genome (HCV RNA) in sera
was done by the amplification method (Amplicor Roche
Monitor) and expressed in copies/mL (dividing factor
in IU/mL is 2.7). Gene sequencing of 5’ NTR typespecific PCR or commercial kits (InnoLipa, Innogenetics,
Genotyping Linear Array hepatitis C virus test, Roche
Diagnostics) was performed for HCV genotyping and
subtyping.
All tests of association between the genotypes and
other parameters were based preferentially on data for the
genotypes 1, 3 and 1b3a because only a few patients (less
than 5%) had the genotypes 2 and 1b4. Histological scores
of activity and fibrosis, viral load, and ALT values were
separately divided into two categorical groups in order to
evaluate the possible difference in pathogenicity of the
genotypes. Activity scores combined necro-inflammatory
lesions, periportal necrosis and lobular necrosis were
graded as scores ≤ 2 (absent-mild) and scores ≥ 3
(moderate-severe). Fibrosis scores were divided into scores
≤ 3 (absent-moderate) and ≥ 4-6 (severe -cirrhosis).
Viral load of HCV RNA was determined as high ≥ 2 ×
106 copies/mL. Values of ALT were determined high if
they were 2.5 × and 5 × higher than normal values (≤ 41
IU/mL).
Statistical analysis
The electronic database organized in the Statistical Package
for Social Science (SPSS) for Windows (version 10.0) was
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Table 1 Age of patients with chronic hepatitis C infection
according to genotypes
Genotype

January 21, 2007

0

1

1

6.7

6.7
12

1.8

2
3
4
1ab
1b3a 1b4
HCV genotypes (types and variants)

Figure 1 Distribution of HCV genotypes in patients with chronic HCV infection. 11:
96.7% subtype 1b, 1.1% subtype 1a, 2.2% non-determined subtypes.

used. The results are expressed as means ± SD or as percentages. Parametric (Mann-Whitney test, Kruskal-Wallis
test) and non-parametric tests (chi-square test, Fisher’s exact test) and the Spearman correlation test were performed
to identify significantly different variables that entered into
univariate logistical regression analysis with further multivariate analysis. The level of significance was set at P <
0.05 and in the case of multiple testing at P < 0.01. Data is
presented with 95% confidence levels.

RESULTS
Genotype distribution
The most commonly detected genotype in the whole
cohort was genotype 1 (57.9%), with the predominant
subtype 1b (54.9%). The subtype 1a was detected in one
patient (0.6%) only. Genotype 3 was comprised exclusively
of the subtype 3a, while genotype 2 comprised the subtypes a, b and c. Mixed inter- genotype infection, such as
1b3a and 1b4 were detected in 13 (8.54%) patients, while
mixed intra-genotype infection (1ab) was detected in two
(1.2%) patients (Figure 1).
Association of the genotypes and demographic and
behavioral data
Statistical analysis did not show a difference in the frequency distribution of genotypes according to gender of
the patients. The age of the patients was analyzed as a continuous and a categorical variable (< 40 and ≥ 40 years).
Result of ages of the patients in detail is presented in Table 1.
Significant statistical difference was found between ages of
the patients depending on the genotypes (χ2 = 23.474; r =
3; P < 0.001). Patients with genotype 1 (44.31 ± 12) were
older than patients with genotypes 3, 4 and 1b3a (37.18 ±
10.02 versus 32 ± 12.59 versus 31 ± 8.73, P < 0.01, P <
0.01 and P < 0.001, respectively). In the whole cohort, approximately a half of the patients (52%) were aged ≥ 40
years. Analyzing the genotypes according to ages over ≥
40, differences in frequency distribution were found for
genotypes 1, 3 and 1b3a (33 versus 25 versus 9, P < 0.01, P
< 0.05 and P < 0.05, respectively).
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Table 2 Univariate logistic regression analysis of HCV
genotypes according to age equal/older than 40 years
Genotype

Significance

Exp (B)

357

Table 3 Univariate logistic regression analysis of HCV genotypes
according to patients with a history of intravenous drug abuse

1

Significance

Exp (B)

Lower-Upper

1.952-7.232

1

2

0.013

0.413

0.205-0.833

0.183-0.832

33

0.008

2.833

1.318-6.089

Lower-Upper

1

2

0.000

3.757

33

0.015

0.390

1b3a

0.036

0.187

0.039-0.896

1

95.0% CI for EXP (B); 2Including subtypes 1b (94.74%), 1a (1.05%), intragenotype variant 1ab (2.1%), and non-determined subtypes (2.1%); 33b
subtype.

Result of univariate logistic analysis of all three
genotypes according to age ≥ 40 years is presented in
Table 2. Univariate analysis demonstrated independent
association of age ≥ 40 years and all three genotypes:
1 (mainly subtype 1b), 3a and 1b3a. Further multivariate
analysis revealed only the age ≥ 40 years as the positive
predictive factor for the genotype 1 [P < 0.001, Exp (B) =
3.757; 1.952-7.232].
Data about alcohol consumption were available from
161 patients, 30 of them admitted moderate or heavy
alcohol abuse (30 g/d or more). There was no statistically
significant difference of the frequency distribution of the
genotypes according to moderate and/or heavy alcohol
consumption.
Genotypes and route of infection
The possible route of infection was recognized in 98
(59.7%) patients. Among these patients, patients who
had a history of intravenous drug use (IVDU), received
blood transfusion, had accidental inoculation and/or were
undergoing chronic hemodialysis, and healthcare workers,
were found in 45.9%, 32.6%, 15.3% and 6.1%, respectively.
Statistical analysis showed significant differences in
frequency of genotypes 1 and genotype 3 and IVDU (19/95
vs 17/38, P < 0.05 and P < 0.05, respectively). Result
of univariate logistic analysis of the genotypes 1 and
genotype 3a and IVDU is presented in Table 3. Univariate
analysis demonstrated independent association of the
IVDU and the genotypes 1 (96.7% subtype 1b) and 3a.
Further multivariate analysis revealed IVDU as the positive
predictive factor for the genotype 3a [P < 0.01, Exp (B) =
2.833; 318-6.089].
Genotypes and histological findings
Fibrosis score was assessed in all patients. Score from ≤
3 and ≥ 4 had 60% and 40% of the patients, respectively.
Significant difference was found in the distribution of
genotype 1 and fibrosis score ≥ 4 (45 vs 21, P < 0.05).
Further univariate logistic analysis showed a fibrosis score
≥ 4 being independent of genotype 1 [P < 0.05, Exp (B)
= 2.056; 1.072-3.938]. Histological activity was assessed in
161 patients and scores of ≤ 2, and ≥ 3 were established
in 93.1% and 6.8% of patients, respectively. Statistical
analysis of frequency in HCV genotype distribution
according to activity score ≥ 3 showed a significant
difference in frequency of genotype 1 and other genotypes
and histological activity (92 vs 69, P < 0.05), and also the
positive correlation between these two variables (P <

Genotype

1

1

95.0% CI for EXP (B); 2Including subtypes 1b (96.7%), 1a (1.1%), intragenotype variant 1ab (1.2%), and non-determined subtypes (2.2%); 33b
subtype.

Table 4 Multivariate logistic analysis of HCV genotype 1
according to age, high HCV RNA, fibrosis score and intravenous
drug use (IVDU)

1

Variable

Significance

EXP (B)

Lower-Upper

≥ 40 yr

0.000

3.747

1.952-7.232

High RNA

0.012

3.819

1.339-10.89

Fibrosis score ≥ 4

0.030

2.413

1.072-3.938

IVDU

0.013

0.413

0.205-0.833

1

95.0% CI for EXP (B).

0.05). But further univariate logistic analysis did not show
independent association of genotype 1 and histological
activity score ≥ 3.
Genotypes and biochemical activity
Values of ALT varied from 11 IU/L to 292 IU/L (mean,
80 ± 53). ALT values 2.5 × and 5 × higher than normal
value (102.5 IU/mL; 205 IU/mL) had 22.6% and 3.6%
of the patients, respectively. No significant difference was
found in the frequency of genotype distribution and the
value of ALT 2.5 × higher than normal value.
Genotypes and viral load
Viral load was quantified in 126 sera samples. The level
of HCV RNA varied from 2000 copies/mL to 31 333 575
copies/mL (mean, 1 694 690 ± 3 284 562). Out of all
patients, 27 (21%) had a high level of HCV RNA.
Statistically significant difference in frequency of high
HCV RNA was found for genotype 1 (96.7% subtype
1b) and other genotypes (23/57 vs 4/42, P < 0.05). A
positive correlation was found between genotype 1 and
high viral load (P < 0.05), as the univariate logistic analysis
also revealed genotype 1 in independent association with
high level of HCV RNA [P< 0.05, Exp (B) = 3.819,
1.339-10.89].
Finally, multivariate logistic regression analysis was
calculated for genotypes 1 and 3a resulting in significance
using univariate analysis. The result of multivariate
logistic analysis for genotype 1 is presented in Table 4.
The result of multivariate logistic analysis for genotype
3a is presented in Table 5. Accordingly, genotype 1 was
demonstrated as significant for the age ≥ 40 years [P=
0.000, Exp (B) = 3.747, 1.952-7.232] whilst the genotype
3a was demonstrated as significant for IVDU [P= 0.008,
Exp (B) = 2.833, 1.318-6.089].
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DISCUSSION
The predominating genotype in our study is the genotype
1 (57.9%), mostly the subtype 1b. The genotype 3a is the
second most common genotype encountered in 23.2%.
The prevalence of HCV genotypes in our investigation is
mainly similar to reports of the HCV genotype distribution
in other parts of Europe [6-10]. Our current results also
confirm findings from Serbia previously published[11,12].
The difference between our result and results from some
other European investigators suggests the lower prevalence
of the subtype 1a in our cohort that we detected only
in one patient. Also, the reported prevalence by other
investigators of the genotype 2 particularly in advanced
liver disease was more common than we found in our
study [13,14]. However, comparison of the prevalence of
genotypes between our results and results of other reports
also depends on the time of these investigations. In the
last decade, a shift in genotype distribution is obvious
in many countries, mostly comprising an increase of the
prevalence of the genotypes 3a, 1a and 4, and a decrease
of the prevalence of genotypes 1b and 2[8,10,14]. The route
of HCV transmission mainly causes this epidemiological
change in genotype distribution whereas the intravenous
drug abuse associated with genotype 3a and 1a has become
nowadays the major risk factor of HCV infection[9,10,14-17].
In our investigation, only one patient with genotype
1a cannot confirm this epidemiological shift in IVDU
patients of this genotype.
Evaluating the association of the genotypes and
demographic data of the patients, we did not find
differences in genotype distribution and gender of the
patients or alcohol abuse. According to these results, we
cannot point out female hormones or moderate to heavy
alcohol abuse as participating factors in different disease
presentation in association with the genotypes. Conversely,
investigation of ages of the patients indicates that older
age is strongly associated with the distribution of the
genotypes. We found that the genotype 1 was the most
common genotype in older patients, while the genotypes
3a, 4 and 1b3a characterized younger patients. Although all
three genotypes are independent risk factors for ages over
40, genotype 1 for the age over 40 and genotypes 3a and
1b3a for the patients younger than 40, only the genotype
1 has the predictive importance. According to this finding,
we can assume that infection with genotype 1 in this
part of Balkan occurred earlier in the past than infection
with other genotypes, subtypes and mixed inter-genotype
infections, e.g., 4, 3a and 1b3a.
Early investigations from the USA did not find
an association between HCV genotypes and mode
of transmission [18] . However, the investigators from
Europe reported that patients with a history of blood
transfusion were mostly infected with genotype 1b while
intravenous drug abusers were infected with genotype
3a [7,9,10,15-17,19,20]. Our results show that the genotype 3a
is the most important predictive factor for IVDU that
is in concordance with these reports. Although we did
not confirm correlation of genotype 1b with a mode of
HCV transmission, the presence of this genotype as the
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Table 5 Multivariate logistic regression analysis of HCV
genotype 3 according to age and intravenous drug use (IVDU)
Variable

Significance

Exp (B)

Lower-Upper

Age ≥ 40 yr

0.015

0.390

0.183-0.832

IVDU

0.008

2.833

1.318-6.089

1

1

95.0% CI for EXP (B).

independent negative risk factor for IVDU may suggest
other routes of infection. Additionally, it is possible
that relatively high prevalence of mixed inter-genotype
infection of 1b3a and 1b4 (8.5%) in our patients can
suggest repeated infection in the same persons, although
we did not find any association between these genotypes
and mode of HCV transmission. Moreover, according
to our study, genotype 1 (mostly subtype 1b) is the most
common genotype in patients with advanced HCV-related
liver disease (fibrosis score equal/higher than 4). We can
assume that this association between subtype 1b and more
progressive disease is paradigmatic for earlier infection with
this subtype in comparison with the subtype 3a and mixed
infection with 1b3a. Some previous reports also suggested
that subtype 1b is associated with a more advanced stage
of liver disease[19,21,22]. Concerning this problem, we must
underscore that our cohort was a select group of patients
preparing for antiviral treatment. Because of that, patients
with end stage liver disease and HCC were excluded from
the study. There is a probability that inclusion of these
patients may give a more convincing association between
the genotypes and the stage of the HCV-related disease.
However, our result of the association of the
HCV genotype 1 with a high level of HCV RNA and
higher histological activity suggests possible increased
pathogenicity of this particular genotype. Although many
authors did not confirm this association, some of them
suggested similar findings as we did [13,18,19,23]. We must
remember again that our study was a cross-sectional and
retrospective investigation, and that the factor of time
was not taken into account. In any case, our findings that
genotype 1b is characterized with a higher level of RNA,
in correlation with increased necro-inflammatory changes
in the liver than other genotypes, although lack of an
increase in biochemical activity could not be ignored as a
possible indicator for increased pathogenicity of subtype
1b. Certainly, association between genotypes and the level
of HCV RNA and necro-inflammatory activity may need
to be investigated in future studies.
Finally, we can conclude that genotype 1, particularly
the subtype 1b in older patients with chronic HCV
infection, predominates in this geographic Southeast
part of the Balkan. The second common prevalence of
genotype 3, subtype 3a in younger patients, suggests the
increased number of IVDU as the main mode of HCV
transmission. The role of subtype 1b that correlates
with high viral load and higher histological activity could
indicate potentially more pathogenicity of this subtype
with consequences such as longer persistence and more
aggressive influence in disease outcome that requires
careful analysis in prospective setting.
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Important areas in investigation of HCV-related chronic liver diseases are
identifying infected persons, recognize the route of its transmission, evaluation of
the stage of the disease, use of antiviral therapy and prevention measures.
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Prevalence of different HCV genotypes and subtypes and their influence on some
clinical characteristics in the Southern part of the Balkan was investigated in
164 patients with chronic hepatitis C. The most common genotype is 1 (57.9%),
mainly subtype 1b. Genotype 3 (3a) is the second most common genotype,
whilst genotypes 1a and 2 are less common than in other European countries.
Genotypes 1 and 3a were found as predicting factors for older age and IVDU,
respectively.

Application

Actual epidemiologic study of HCV genotypes in specific areas is present in the
article. Additionally, different genotypes were related to age, gender, alcohol
abuse, route of transmission, biochemical activity, histological findings and viral
load. Eventual shifts in the correlation data will be recognized in the future.

Terminology

HCV is a distinct member of the family Flaviviridae and placed into a separate
genus, named Hepacivirus. Genotypes and subtypes of HCV represent its
extensive genetic heterogeneity. Genotypes depend mainly on the geographic
location and are classified into six main groups, designated as genotypes 1 to 6,
with further subdivision within each genotype (a, b, c, etc.). It has been reported
that genotypes differ in the severity of the liver disease they cause, baseline of
serum RNA levels, response to antiviral treatment and route of transmission.
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Peer review

This article is an essentially confirmatory paper of the previously published
observation on the genotype distribution in Serbia, particularly the confirmation of
an unusual high prevalence of mixed genotype infection (about 8%-9% in the two
papers). The finding of higher HCV RNA levels in genotype 1b is contradicted in
most literature and the claim that genotype 1b had higher pathogenicity cannot be
substantiated, unless in a prospective setting.
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Abstract
AIM: To evaluate the effects of different types of dietary
fats on the hepatic lipid content and oxidative stress
parameters in rat liver with experimental non-alcoholic
fatty liver disease (NAFLD).
METHODS: A total of 32 Sprague-Dawley rats were
randomly divided into five groups. The rats in the control
group (n = 8) were on chow diet (Group 1), rats (n =
6) on methionine choline-deficient diet (MCDD) (Group
2), rats (n = 6) on MCDD enriched with olive oil (Group
3), rats (n = 6) on MCDD with fish oil (Group 4) and
rats (n = 6) on MCDD with butter fat (Group 5). After
2 mo, blood and liver sections were examined for lipids
composition and oxidative stress parameters.
RESULTS: The liver weight/rat weight ratio increased
in all treatment groups as compared with the control
group. Severe fatty liver was seen in MCDD + fish oil
and in MCDD + butter fat groups, but not in MCDD
and MCDD + olive oil groups. The increase in hepatic
triglycerides (TG) levels was blunted by 30% in MCDD
+ olive oil group (0.59 ± 0.09) compared with MCDD
group (0.85 ± 0.04, P < 0.004), by 37% compared with
MCDD + fish oil group (0.95 ± 0.07, P < 0.001), and by
33% compared with MCDD + butter group (0.09 ± 0.1,
P < 0.01). The increase in serum TG was lowered by
10% in MCDD + olive oil group (0.9 ± 0.07) compared
with MCDD group (1.05 ± 0.06). Hepatic cholesterol
increased by 15-fold in MCDD group [(0.08 ± 0.02, this
increment was blunted by 21% in MCDD + fish oil group
(0.09 ± 0.02)]. In comparison with the control group,
ratio of long-chain polyunsaturated fatty acids omega-6/

omega-3 increased in MCDD + olive oil, MCDD + fish
oil and MCDD + butter fat groups by 345-, 30- and
397-fold, respectively. In comparison to MCDD group
(1.58 ± 0.08), hepatic MDA contents in MCDD + olive oil
(3.3 ± 0.6), MCDD + fish oil (3.0 ± 0.4), and MCDD +
butter group (2.9 ± 0.36) were increased by 108%, 91%
and 87%, respectively (P < 0.004). Hepatic paraoxonase
activity decreased significantly in all treatment groups,
mostly with MCDD + olive oil group (-68%).
CONCLUSION: Olive oil decreases the accumulation of
triglyceride in the liver of rats with NAFLD, but does not
provide the greatest antioxidant activity.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Non-alcoholic steatohepatitis (NASH) pathogenesis
includes insulin resistance, increased exposure of the
hepatocytes to TNF-α and increased oxidative stress[1].
The development of hepatic steatosis results from an
imbalance in the rate of entry, synthesis, or clearance of
fat from the liver. More specifically, the increased influx
of free fatty acids to the liver, reduced free fatty acid
β-oxidation, a reduced hepatic secretion of triglyceriderich lipoproteins and increased lipid peroxidation may be
altered[1].
Hepatic triglycerides are derived from different sources.
First, from endogenous fatty acids which are synthesized in
the liver. Second, from dietary triglycerides that enter the
liver via the chylomicron remnant pathway and finally from
free fatty acids that are released from adipose tissues during
periods of fasting. An impaired postprandial triglyceride
response has been reported in patients with NASH[2]. This
may promote fatty liver in several ways, such as increasing
www.wjgnet.com
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hepatic uptake of triglyceride-rich lipoproteins and their
remnants in the postprandial period[2,3]. The contribution
of hepatic lipogenesis to triglyceride secretion was 3 times
higher in the patients as compared with the controls while
that of non-esterified fatty acids (NEFA) re-esterification
was reduced by 52%. Thus, enhanced lipogenesis appears
as a prominent abnormality of hepatic fatty metabolism in
the subjects with NASH[4].
Several studies have emphasized the importance
of dietary composition in the treatment of fatty liver.
However, the optimal diet for prevention of NASH
is unknown. NASH patients had significantly higher
overnight fasting blood concentration of total and free
fatty acids than controls, and higher total saturated and
monounsaturated levels of lipid fractions, mainly due to
increase of palmitate, palmitoleate and oleate acids[5,6].
Low-calorie diet for 2 wk in Sprague-Dawley rats exerted
no significant effects on either serum lipid disorders or
hepatic inflammatory changes [7]. Dietary omega-3 and
omega-6 polyunsaturated fatty acids (PUFA), present
in fish oil, can regulate hepatic lipogenesis by reducing
sterol-regulatory element-binding protein-1 in the liver[8].
Moreover, PUFA administration decreased fatty acids, such
as oleate (C18:1 n-9), palmitate (C16:0) and palmitoleate
(C16:1 n-7) [9]. Diet of NASH patients who were free
of hyperlipidemia, diabetes and obesity was richer in
saturated fat and poorer in PUFA[10]. PUFA may act as “fuel
partitioners”, directing fatty acids away from triglyceride
storage and toward oxidation[11]. A recent clinical study that
compared 19 patients who had non-alcoholic fatty liver
disease (NAFLD) with 11 normal control subjects revealed
that patients with NAFLD had a higher ratio of long-chain
polyunsaturated fatty acids omega-6/omega-3 in their livers
than did control subjects[6]. When dietary monounsaturated
fatty acids, mainly oleic acid present in olive oil, replace
high-carbohydrate diets, plasma triglycerides concentration
decrease, both in patients without diabetes and in those
with type 2 diabetes[12]. These findings provide the rational
for undertaking the experiment to test the hypothesis that
supplementation of different oils to methionine cholinedeficient diet could attenuate fatty liver changes in a novel
model of hepatic steatosis.
The aim of the current study was to evaluate the
effects of different types of dietary fats (monosaturated
fatty acids present in olive oil; polyunsaturated fatty acids
present in fish oil, and saturated fatty acids present in
butter) on the hepatic lipid content and oxidative stress in
rat liver with experimental NAFLD.

MATERIALS AND METHODS
Animals and protocol
Methionine choline-deficient diet (MCDD) is the most
widely used model for NASH in rats[13]. The development
of steatosis is caused by impaired very low-density
lipoprotein (VLDL) secretion. Unlike animals fed a
choline-sufficient diet which developed only steatosis but
not inflammation and fibrosis, animals fed an MCDD diet
showed fibrosing steatohepatitis[13]. Thirty-two SpragueDawley rats were randomly divided into five groups. The
animals in the control group (n = 8) were on chow diet
www.wjgnet.com
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Table 1 Lipid composition of dietary fats (g/100 g total lipids)
Lipid

Olive oil

Fish oil

Butter

Energy (kcal)
Fatty acid, total saturated
16:0 palmitic
Fatty acid, total monounsaturated
18:1 undifferentiated
Fatty acid, total polyunsaturated
18:2 undifferentiated

884
13.8
11.29
72.96
71.26
10.52
9.76

902
29.89
16.64
33.84
14.75
31.86
2.01

717
51.36
21.69
21.02
19.96
3.04
2.72

(Group 1). In group 2, there were six rats on methionine
choline-deficient diet (MCDD). In group 3, there were six
rats on MCDD supplemented with olive oil (0.45 mg/g
rat weight). In group 4, six rats were on MCDD with fish
oil (0.45 mg/g rat weight) and in group 5, 6 rats were
on MCDD with butter-fat (0.45 mg/g rat weight). In all
treatment groups, the MCDD diet was supplemented
simply with the different oils and not as a semi-purified
diet. The dietary fat was monitored daily and was supplied
by the local pharmacy of the Sieff Hospital, Safed, Israel,
and not by commercial sources. After two months, the
rats were generally anesthetized and blood was sampled by
heart puncture. Rats were sacrificed and the liver sections
were examined. All animals were treated humanely and
in accordance with the guidelines of the institution. The
composition of the experimental diets and the levels of
lipid fractions are shown in Table 1.
Biochemistry
Determination of hepatic lipids composition: Rat liver
lipid was extracted using the homogenate according to
Folch et al[14]. Triglyceride concentration was determined
according to the method of Gottfried and Rosenberg[15].
Total cholesterol concentration was deter mined as
previously described[16]. Total lipid concentrations were
determined using sulphophosphovaniline[17]. Phospholipids
concentrations were determined by lipid phosphorus
assay[18]. Phospholipids were separated into component
species by thin layer chromatography (TLC) using silica
gel G plates and chloroform: methanol: water (65:25:4,
v/v) as the solvent system. The position of individual
phospholipids was deter mined using the respective
standards. The results were reported as percentage of total
phospholipids content[19].
Deter mination of hepatic pro-oxidant and antioxidants: Paraoxonase activity was measured according
to the method described elsewhere[20] using 1.0 mmol/L
phenyl acetate as substrate. α-tocopherol was estimated sp
ectrophotometrically[21]. Hepatic maleic dialdehyde (MDA)
was estimated spectrophotometrically using thiobarbituric
acid assay[22].
Fatty acids composition: Rat liver cytosol was prepared
by differential centrifugation. Approximately 0.5 g of the
liver was homogenized in 5 mL of ice-cold 50 mmol/L
phosphate buffer solution (pH 7.4). The liver homogenate
was centrifuged for 10 min at 5000 r/min at 4℃, and
the pellet was discarded. The supernatant was further
centrifuged for 30 min at 8000 r/min at 4℃. Fatty acid
methyl esters were analyzed by gas chromatography using

Group

1
2
3
4
5

Diet

Control
MCDD
MCDD + olive oil
MCDD + fish oil
MCDD + butter

Baseline rats Final rats Final liver Liver
weight (g) weight (g) weight (g) weight/rat
weight ratio
246 ± 6
249 ± 6
247 ± 6
246 ± 7
242 ± 5

367 ± 3
184 ± 8
177 ± 7
176 ± 6
178 ± 6

8.8 ± 0.3
6.8 ± 0.6
6.6 ± 0.6
5.8 ± 0.6
6.6 ± 0.5

0.023
0.037ª
0.037ª
0.033ª
0.037ª

ªP < 0.05 vs control group.

[23]

palmitic acid as the marker of fatty acids .
Histology
The specimens were fixed in buffered formalin and
embedded in paraffin. Hematoxylin and eosin (H&E)
sections, periodic acid Schiff with diastase stain for
inflammatory grading as well as Mason’s trichrome and
reticulin stains were reviewed for fibrosis and architectural
changes. The necroinflammatory grade and stage of
fibrosis were assessed according the method of Brunt
et al[24]. Steatosis was graded by semi-quantitative analysis
as follows: mild = 5%-30%; moderate = 30%-60%; and
severe = more than 60% of hepatocytes affected. Each
biopsy was analyzed and graded by the same pathologist
who was blinded to the rats group.
Statistical analysis
Results were expressed as mean ± SD. Analysis of
variance was used to compare multiple group means,
followed by the Newman-Keuls test to deter mine
statistical significance between two groups. When the
data were not normally distributed, the Kruskal-Wallis
test was performed to compare multiple group means,
followed by Mann-Whitney test. Correlation analysis was
performed using Spearman rank correlation. The statistical
comparisons were performed using the unit values rather
than percentages. P < 0.05 was considered statistically
significant. The statistical analysis was performed using the
Winstat program for windows (Kalmia, MA).

RESULTS
Liver weight/rat weight ratio
Rat weights significantly increased in the control group by
49% and decreased in MCDD, MCDD + olive oil, MCDD
+ fish oil, and MCDD + butter group by 35%, 40%,
40%, and 37%, respectively (P < 0.05). Rat liver weights
decreased relatively to the control group in MCDD,
MCDD + olive oil, MCDD + fish oil, and MCDD +
butter group by 22%, 25%, 34%, and 25%, respectively (P
< 0.05, Table 2). Rat liver weight: rat weight ratios were
markedly increased in MCDD, MCDD + olive oil, MCDD
+ fish oil, and MCDD + butter group by 54%, 54%, 38%,
and 54%, respectively (P < 0.05).
Extent of fatty infiltration
There was a significant increase in the extent of fatty liver
in MCDD, MCDD + olive oil, MCDD + fish oil, and

% Rats with mild-moderate fatty infiltration (< 60%)

Table 2 Effect of MCDD alone or enriched with different fats
on rat body or liver weight (mean ± SD, n = 6)

% Rats with severe fatty infiltration (> 60%)
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A
b

P < 0.01

80
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Olive
Group

B

Fish

Butter

Fish

Butter

d

P < 0.01

100
90
80
70
60
f

P < 0.01

50
40
30
20
10
0

HC

NASH

Olive
Group

Figure 1 Extent of hepatic fatty infiltration (A: severe; B: mild) in the different
treatment groups. bP < 0.01, comparison among olive oil, fish oil and butter fat
groups; dP < 0.01, comparison among fish oil, NASH and olive oil groups; fP < 0.01,
comparison among butter fat, NASH and olive oil groups.

MCDD + butter groups as compared to the control group
(P < 0.001). While no severe fatty (> 60%) infiltration was
observed in MCDD + olive oil group, severe hepatic fatty
infiltration was observed in 33% of rats in MCDD + fish
oil group and in 83% of rats in MCDD + butter group
(P < 0.01, Figure 1A). Mild to moderate fatty infiltration
was similar in MCDD and MCDD + olive oil groups but
significantly lower in MCDD + fish oil (67% of rats) and
MCDD +butter group (17% of rats) (P < 0.01, Figure 1B).
No inflammation was detected in the livers of the control
group. Mild inflammatory changes were observed in all
rats in MCDD, and MCDD + olive oil groups. While 66%
of the rats in MCDD + butter group were without hepatic
inflammatory changes, 50% of the rats in MCDD + fish oil
group had moderate inflammatory changes (Table 3).
Hepatic lipids
Hepatic triglyceride content (mol/g liver) increased by
43-, 30-, 48- and 45-fold in MCDD (0.85 ± 0.04), MCDD
+ olive oil (0.59 ± 0.09), MCDD + fish oil (0.95 ± 0.07),
and MCDD + butter (0.09 ± 0.1) groups, respectively, as
compared to the control group (0.024 ± 0.007, P < 0.001).
Most importantly, this increase was blunted by 30% in
MCDD + olive oil group compared with MCDD group
only (P < 0.004), by 37% in MCDD + olive oil group
compared with MCDD + fish oil group (P < 0.001),
and by 33% in MCDD + olive oil group compared with
MCDD + butter group (P < 0.001, Figure 2). Hepatic
www.wjgnet.com
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4
5

Inflammation

< 60%
(%)

> 60%
(%)

0
100ª
100ª

0
0
0

0
0
0

67ª

33.3ª

17

33.3ª

50ac

17

83ª

66ac

17

17

Control (n = 8)
MCDD (n = 5)
MCDD + olive
oil (n = 6)
MCDD + fish
oil (n = 6)
MCDD + butter
(n = 6)

Absent Mild
(%)
(%)
0
100ª
100ª

Moderate
(%)
0
0
0

Hepatic pro-oxidant and anti-oxidants
MDA hepatic content (mol/g liver) increased significantly
in MCDD (1.58 ± 0.8), MCDD + olive oil (3.3 ± 0.6),
MCDD + fish oil (3.0 ± 0.4), and MCDD + butter (2.9
± 0.36) groups in comparison to the control group (0.2
www.wjgnet.com

f

Fish

Butter

0.6

0.4

0.2

0.0

HC

NASH

ªP < 0.05 vs control group; P < 0.05 vs group 3.

Plasma lipids
Serum triglyceride levels (mmol/L) increased significantly
in MCDD (1.05 ± 0.06), MCDD + olive oil (0.9 ± 0.07),
MCDD + fish oil (1.02 ± 0.08), and MCDD + butter (0.97
± 0.4) groups by 98%, 79%, 94%, and 85%, respectively,
as compared to the control group (0.53 ± 0.09), (P <
0.05). This increment was significantly lowered (by -10%)
in MCDD + olive oil group as compared with MCDD
group (P < 0.02). Serum cholesterol levels (mmol/L)
were not significantly different among the control (1.2 ±
0.37), MCDD (1.0 ± 0.1), and MCDD + olive oil (0.87
± 0.2) groups, but increased by 33% and 22% in MCDD
+ fish oil (1.4 ± 0.2), and MCDD + butter (1.27 ± 0.2)
groups, respectively, when compared with MCDD group.
Plasma lipid content (3.4 ± 1.0) did not change in any
treatment group. Phospholipids levels in serum decreased
in MCDD group (0.63 ± 0.1) by 5.4-fold compared with
the control group (3.4 ± 0.4), but no significant difference
in phospholipids level was observed between among the
treatment groups. All phospholipids fractions (lysolecithin,
sphingomyelin, lecithin, phosphatidyl inositol and
phosphatidyl ethanolamine) were reduced in plasma.

d

0.8

c

Olive
Group

Figure 2 Hepatic triglycerides content (mol/g liver) in the different treatment
groups. bP < 0.004, dP < 0.001, fP < 0.001 vs olive oil group.

5.0
4.5
Liver paraoxonase content (mol/L)

cholesterol content increased by 15-fold in MCDD group
(0.08 ± 0.02) compared with the control group (0.03 ±
0.01). In MCDD + fish oil group, this increment was
blunted by 21% compared with MCDD group. There
was a significant increase in lipid content in the liver of
MCDD (1.9 ± 0.14), MCDD + olive oil (2.06 ± 0.4),
MCDD + fish oil (1.9 ± 0.35), and MCDD + butter (1.98
± 0.39) groups by 6.8-, 7.1-, 6.6- and 6.8-fold, respectively,
as compared to the control group (0.28 ± 0.03, P < 0.01).
Phospholipids content in the liver decreased in MCDD
group (0.21 ± 0.04) by 2.6-fold compared with the control
group (0.55 ± 0.04, P < 0.05). All phospholipids fractions
(lysolecithin, sphingomyelin, lecithin, phosphatidyl inositol
and phosphatidyl ethanolamine) were reduced in the liver
of all treatment groups.

Number 3

b
Liver TG content (mol/g liver)

1
2
3

Fatty liver

Volume 13

1.0

Table 3 Effect of MCDD alone or enriched with different fats
on hepatic fat infiltration and inflammation
Group Diet

January 21, 2007

f

4.0
3.5
d

3.0
b

2.5
2.0
1.5
1.0
0.5
0.0

HC

NASH

Olive
Group

Fish

Butter

Figure 3 Hepatic paraoxonase contents (mol/L) in the different treatment groups.
b
P < 0.01, dP < 0.01, fP < 0.01 vs olive oil group.

± 0.1) by 7.4-, 15.3-, 14 and 13.7-fold, respectively (P <
0.05). Moreover, MDA hepatic contents in MCDD + olive
oil, MCDD + fish oil, and MCDD + butter groups were
higher in comparison to MCDD group by 108%, 91%
and 87%, respectively (P < 0.004). Paraoxonase activity
decreased significantly in the livers of all treatment groups.
The most prominent decrease in paraoxonase activity was
observed in MCDD + olive oil group (1.36 ± 0.28, -68%,
P < 0.01, Figure 3). α -tocopherol content in the liver
(mg/g liver) decreased in MCDD + olive oil group (0.26 ±
0.09) by 63% compared with the control group (0.7 ± 0.05,
P < 0.01), by 61% in comparison with MCDD + fish oil
(0.66 ± 0.1) group (P < 0.003) and by 64% compared with
MCDD + butter group (0.7 ± 0.09, P < 0.002). However,
no significant differences were found among the other
groups.
Plasma pro-oxidant and anti-oxidants
There was no obvious difference between the control
group (8.8 ± 1.6) and MCDD group (7.5 ± 1.5) in plasma
concentrations of MDA. MCDD + olive oil (11.9 ±
3.2), MCDD + fish oil (11.3 ± 5.1) and MCDD + butter
(10.1 ± 6.3) groups had significantly higher plasma
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Table 4 Effect of MCDD alone or enriched with different fats on fatty acids percentage in the liver
Fatty acids components
C14:0 Myristic
C16:0 Palmitic
C16:1 Palmitoleic
C18:0 Stearic
C18:1n9t Elaidic
C18:1n9c Oleic
C18:2n6c Linolelaidic
C18:3n3 Linolenic
C23:0 Tricosanoic
C20:4n6 Arachidonic
C22:6n3 Docosahexaenoic
C20:5n3 Eicosapentaenoic

Control

MCDD

0.2 ± 0.2
19 ± 1
0.1 ± 0.2
21.8 ± 1.6
2.1 ± 0.1
4.9 ± 0.8
18.6 ± 1.8
0.5 ± 0.3
22.0 ± 2.4
0.1 ± 0.2
4.5 ± 0.9
0

0.5 ± 0.1
17 ± 1.1
0.7 ± 0.1
5.8 ± 0.6
1.5 ± 1.3
20.7 ± 0.7
32.4 ± 0.7
0.3 ± 0.1
10.0 ± 1.1
0
1.3 ± 0.5
0.1 ± 0.1

MCDD + olive oil
0.3 ± 0.2
15.3 ± 1.4ac
0.4 ± 0.2
5.7 ± 0.7ac
22.8 ± 1.3
25.9 ± 3.3ac
30.5 ± 1.7ac
0.2 ± 0.2c
7.8 ± 2.1ac
9.2 ± 0.6ac
1.2 ± 0.4
0

MCDD + fish oil
0.4 ± 0.2
15.5 ± 1.1
0.7 ± 0.1
6.2 ± 0.5
17.8 ± 1.1
2.0 ± 0.1
29.5 ± 2.1
0.2 ± 0.2
0
6.5 ± 0.6
9.0 ± 1.2
0.9 ± 0.1

1

P

MCDD + butter

2

P

(Friedman test)

0.4 ± 0.2
15.7 ± 2.3
0.4 ± 0.2
6.1 ± 0.9
21.3 ± 1.1
5.3 ± 8.7
31.5 ± 2.1
0.3 ± 0.2
0
9.7 ± 1.2
1.1 ± 0.6
0

0.003
0.001
0.007
0.002
0.001
0.001
0.001
0.007
0.003
0.002
0.006
0.003

0.002
0.006
0.02
0.01
0.006
0.006
0.006
0.02
0.02
0.006
0.01
0.002

1

Comparison between MCDD and treatment groups; 2comparison between the three treatment groups. aP < 0.02 vs MCDD + fish oil; cP < 0.02 vs MCDD + butter
group.

concentration of MDA in comparison with MCDD group
by 59%, 51% and 35%, respectively (P < 0.05). Plasma
α-tocopherol level decreased in MCDD group (2.5 ± 0.87)
by 57% in comparison with the control group (5.7 ± 0.78,
P < 0.001). Plasma α-tocopherol levels were increased by
70% in MCDD + olive oil group (4.2 ± 0.5, P = 0.003), by
87.3% in MCDD + fish oil group (4.6 ± 0.56) and by 45%
in MCDD + butter group (3.6 ± 0.5) as comparison to
MCDD group (P < 0.05).
Hepatic composition of fatty acids
MCCD diet did not increase palmitic acid percentage in
the livers of the rats, but did increase significantly the oleic
acid percentage by 4.2-fold. MCDD enrichment by olive
oil further increased the oleic acid percentage by 25% (P <
0.05). Palmitoleic acid had small contribution to fatty acid
liver content and increased in all other treated rat groups
on MCDD by 4-7-fold. Fish oil did not alter either the
palmitic or palmitoleic acid percentages in the livers of
MCDD + fish oil group as compared with MCDD group
(Table 4).
Long-chain polyunsaturated fatty acids (PUFA) n6:n3
ratio increased in MCDD + olive oil, MCDD + fish oil
and MCDD + butter fat groups by 345-, 30- and 397-fold,
respectively in comparison with the control group. MCDD
enriched with olive or fish oil or butter fat increased
arachidonic acid percentages in the rat livers. This
increment was 29% less in MCDD + fish oil group when
compared with MCDD + olive oil (P < 0.05). C20:4n6/
C18:2n6 ratios increased in MCDD + olive fat, MCDD
+ fish oil and MCDD + butter fat groups by 56-, 41- and
57-fold, respectively, in comparison with the control group
(Table 4). C22:6n3 percentage in the rat livers decreased by
3.5-fold in MCDD group in comparison with the control
group. This decrease was also noted in the rat groups on
MCDD enriched with olive oil or with butter fats. On
the contrary, C22:6n3 percentage in the liver increased by
2-fold in MCDD + fish oil group in comparison with the
control group (Table 4). Enrichment of MCDD by olive
oil, fish oil and butter fat increased elaidic acid percentage
by 15.2-, 11.9- and 14.2-fold, respectively, compared to

Table 5 Correlations between hepatic lipid fractions and
parameters of oxidant-antioxidant status in the MCDD + olive
oil group
Parameter

Malonyl dialdehyde (MDA) Alpha-tocopherol Paraoxonase

Triglycerides
Cholesterol
Phospholipids
Lipids
Palmitic
Stearic
Elaidic
Oleic
Linolelaidic
Tricosanoic
Arachidonic

r = -0.4
r = -0.8
r = -0.6
r = -0.2
r = 0.6
r = -0.5
r = 0.1
r = -0.2
r = 0.2
r = 0.5
r = -0.3

r = 0.45
r = 0.05
r = -0.4
r = -0.4
r = 0.1
r = -0.4
r = 0.9
r = -0.7
r = 0.97
r = 0.4
r = -0.7

r = -0.004
r = 0.3
r = -0.6
r = -0.2
r = 0.1
r = -0.9
r = 0.6
r = -0.8
r = 0.66
r = 0.9
r = -0.7

MCDD group. Fish oil blunted elaidic acid percentage
increase in the rat livers by 22% in comparison with olive
oil. C18:1n9c/C18:0 ratios increased in MCDD, MCDD
+ olive oil, MCDD + fish oil and MCDD + butter fat
groups by 16-, 20-, 1-, and 4-fold, respectively, when
compared to the control group (Table 4). Correlations
between the levels of various fats, triglycerides, cholesterol,
phospholipids, saturated and unsaturated fatty acids in
the MCDD + olive oil group and the oxidant-antioxidant
status are shown in Table 5. A strong correlation was
noted between hepatic MDA levels and hepatic cholesterol
(r = -0.8), phospholipids (r = -0.6), and palmitic acid (r
= 0.6), as well as between hepatic alpha-tocopherol and
linolelaidic acid (r = 0.97), elaidic acid (r = 0.9), oleic
acid (r = -0.7), and arachidonic acid (r = -0.7). Hepatic
paroxonase correlated well with tricosanoic acid (r = 0.9),
stearic acid (r = -0.9), oleic acid (r = -0.8), and arachidonic
acid (r = -0.7) (Table 5).

DISCUSSION
The results of this study clearly indicate that rats on
MCDD diet supplemented with olive oil, but not fish
oil or butter fat, store less triglycerides in their liver
and prevent the occurrence of dietary-induced severe
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hepatic steatosis. Moreover, the results indicate also that
olive oil diet provides the least antioxidant capability,
whereas the fish oil and butter fat diets behave similarly
with regard to antioxidant activities. As expected, these
rats lost about 40% of body weight[25]. This weight loss
is not in accordance with the clinical picture of NASH
found in humans and may then results from the loss
of subcutaneous fat [26] . Hepatic insulin resistance in
the MCDD model of fatty liver is most likely caused
by CYP2E1-induced oxidative stress and by elevated
serum triglyceride levels [1]. In the current study, serum
triglyceride levels were higher in all groups on MCDD
(alone or enriched with fat) than in the control group, a
finding which is also in accordance with the clinical NASH
profile. Triglyceride content in the livers of the MCDD +
olive oil group was lower than other groups on MCDD
or MCDD enriched with saturated or polyunsaturated
fatty acids. This may have been due to the inhibition of
hepatic triacylglycerol synthesis [27], and stimulation of
hepatic peroxisomal beta-oxidation produced by the olive
oil diet[28]. Decrease in lipoprotein lipase and triacylglycerol
lipase in the liver after olive and fish oil consumption has
also been described and this may be an adaptive response
to the low concentration of substrates (triacylglycerol)
for these enzymes. The low levels of triglycerides in the
liver after olive oil consumption may also be related to the
reduced levels of plasma triglycerides found in our study.
Moreover, monounsaturated fatty acids, present in olive
oil, may improve insulin resistance, and enhance the release
of triglyceride from the liver. This also decreases leak of
free fatty acids from peripheral adipose tissue back to the
liver and may explain the difference between the olive oil
and butter groups.
In animal studies, saturated fat, present in butter,
significantly increased insulin resistance, whereas longand short-chain omega-3 fatty acids improved it, and the
effects of monounsaturated and omega-6 polyunsaturated
fatty acids ranged somewhere in between the two. In
humans, shifting from a diet rich in saturated to one
rich in monounsaturated fatty acid improved insulin
sensitivity in healthy people [28]. Saturated fat [(myristic
acid (14:0) and di-homo-γ-linolenic acid (18:3 n-6)] and
the percentage of body fat had the strongest correlation
with fasting insulin[29]. In normal subjects, consuming diet
enriched with 10% elaidic (18:1 trans) acid induced insulin
resistance acutely. In the present study, polyunsaturated
fatty acids, present in fish oil failed to blunt the triglyceride
accumulation in the liver. Fifty-nine percent of fatty
acids stored in the liver of NASH patients arises from
serum non-esterified fatty acids (NEFA), 26% from
de novo lipogenesis and 15% from the diet[30]. Thus, the
contribution of dietary olive oil to the fatty acid content
in the liver appears small, sug gesting the presence
of other mechanisms preventing the accumulation
of fatty acids in the liver under diet enrichment with
olive oil. Eicosapentaenoic fatty acid administration
decreased hepatic triglyceride content in ob/ob mice[31].
Polyunsaturated fatty acids can shift the energy balance
from storage to consumption. Polyunsaturated fatty acids,
particularly those of the n-3 family, play pivotal roles
as “fuel partitioners” in that they direct fatty acids away
www.wjgnet.com

January 21, 2007

Volume 13

Number 3

from triglyceride storage and toward oxidation and they
enhance glucose flux to glycogen[31]. In the present study,
the MCDD model of NASH did not show the protective
effect of polyunsaturated fatty acids on triglyceride
accumulation in the liver. Whether this is due to enhanced
hepatic lipogenesis or decreased β -oxidation remains
unclear.
The rates of oxidation for the same amount of fatty
acids differed among healthy persons, e.g., more than 37%
of the dose of lauric acid (12:0) was oxidized compared
with less than 15% of the dose of stearic acid (18:0)[32].
In dietary fat-enriched diets, the increased free fatty acids
influx into the hepatocytes exceeds the liver capacity to
assemble or/and export triglyceride-rich VLDL particles,
causing hepatic steatosis. This increases the substrate for
lipid peroxidation in the liver[33-35]. Polyunsaturated fatty
acids are prone to spontaneous peroxidation, thus forming
lipid hydroperoxides and reactive aldehydes[33,34]. At the
same time, free fatty acid content in the hepatocytes upregulates PPAR- α . This enhances mitochondrial longchain fatty acid β-oxidation, initiation of omega-oxidation
of fatty acids in the microsomes [36,37] and peroxisomal
[38]
resulting in g eneration of reactive
β -oxidation
oxygen species accumulation[39]. MCDD diet increased
oxidative stress in the liver, but not in the plasma. Fat
enrichment with olive oil, fish oil or butter fat added
more oxidative stress in the liver and in the plasma. This
increased oxidative stress in the liver did not impoverish
α-tocopherol hepatic content in the rat groups fed diets
enriched with fish oil or with butter. This, presumably, is
due to the high content of α-tocopherol in these two food
resources. Hepatic paraoxonase activity decreased in all
rat groups on MCDD. This decreased activity may be the
result of hepatic injury secondary to fat accumulation and
increased oxidative stress. Plasma paraoxonase 1 activity
is decreased in chronic liver disease in correlation with
the degree of hepatic dysfunction[40]. Paraoxonase gene
expression has been observed only in the liver[41]. This
decrease in paraoxonase activity was more pronounced in
the rats fed MCDD enriched with olive oil. The oxidative
stress in the liver of this group was also higher than other
groups on MCDD. The reasons for that are unclear. It
appears that changes in the liver fatty acid composition,
due mainly to n-3 lipids, may increase the activity of some
anti-oxidant enzymes. A potential mechanism for the
induction of hepatic anti-oxidants following butter feeding
might be an increase in the expression of their genes;
induction of the expression of anti-oxidant enzymes has
been reported in circumstances where an increase in free
radicals is produced, such as ageing[42].
Analysis of the fatty acid composition in the rat liver
showed that MCDD increased palmitoleic and oleic acids
percentage in the liver, but not palmitic acid. NASH
patients showed increased overnight fasting serum levels
of palmitic, palmitoleic and oleic acids[5], suggesting that
the source of these fatty acids in the liver is from blood
circulation and not from gastrointestinal tract. Hepatic
long-chain PUFA n6/n3 ratios increased in MCDD + olive
oil, MCDD + fish oil and MCDD + butter fat groups
in comparison with the control group. Increased longchain PUFA n-6/n-3 ratio in the liver of NASH patients

Hussein O et al . Monounsaturated fat decreases hepatic triglycerides

may favor lipid synthesis over oxidation and secretion,
thereby leading to steatosis[6]. This ratio increased less in
MCDD + fish oil group, yet the MCDD + olive oil group
had a lower fat content in the liver, making this ratio less
effective in determining fatty acid content in the fatty liver
in the MCDD rat model.
MCDD alone or enriched with olive, butter or fish fat
increased arachidonic acid percentage in the rat livers, a
possible marker of increased inflammatory state in the
liver. Fish oil increased arachidonic acid less than olive or
butter-supplemented groups, because PUFA can confer
anti-inflammatory effect.
In the MCDD model, there was no reduction in
C20:2n6/C18:2n6 ratio. In a previous study, NASH
patients showed depletion of long-chain PUFA of the n-6
and n-3 series in the liver triacylglycerols[6]. In the present
study, C22:6n3 was depleted in MCDD, MCDD + olive oil
and MCDD + butter fat, but not in MCDD + fish oil due
to dietary addition to the MCDD. MCDD enriched with
olive oil, fish oil and butter fat increased hepatic elaidic
acid percentage. Elaidic acid leads to defective PUFA
desaturation by inhibiting desaturase and subsequently
to depletion of hepatic long-chain PUFA [6], but in the
present study, C22:6n3 was depleted in MCDD group
without a change in hepatic content percentage of elaidic
acid. C22:6n3 depletion in MCDD, MCDD + olive oil and
MCDD + butter fat may be due to inadequate intake of
precursors, such as 18:3 n-3 and a higher peroxidation of
long-chain PUFA due to oxidative stress[6].
Although the MCDD model of fatty liver is the most
commonly used in experimental studies, one limitation of
our study is that MCDD model is not the ideal model for
studying insulin resistance in humans and an extensive
number of additional experiments would be required to
be performed in order to derive definitive data in insulinresistant models [26] . Another concern is that the rats
fed MCDD for nine weeks did not develop the same
phenotype as previous reports of MCDD-induced NASH
in mice (as short as 10 d of MCDD). The phenotype
described here largely consisted of marked steatosis with
mild inflammation and mild fibrosis[43].
Increased MDA level, and reduced serum paraoxonase
1 (PON1) activity reflect increased oxidative damage in
rats with steatohepatitis. Reactive oxygen species, which
are formed due to increased microsomal, peroxisomal
and mitochondrial oxidation, trigger lipid peroxidation;
this in turn causes cell death and release of MDA[1]. It
also has been shown that TNF-α down-regulates mRNA
expression of paraoxonase in Hep G2 cells [44] . This
cytokine-mediated reduction of paraoxonase production
by the liver might be responsible for the decreased
paraoxonase activity in steatohepatitis. On the other
hand, decreased paraoxonase activity could be accepted as
another evidence of increased lipid peroxidation, since it
was shown that a decrease in liver microsomal paraoxonase
activity is an early biochemical change related to lipid
peroxidation and liver injury observed in the rats with
CCl4-induced cirrhosis[45].
In conclusion, olive oil decreases the accumulation
of triglycerides in the liver of rats with NASH, thereby
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suggesting that olive oil should be included in the diet of
patients with NASH and NAFLD.
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Abstract
AIM: To study the relationship between inflammatory
response and liver regeneration (LR) at transcriptional
level.
METHODS: After partial hepatectomy (PH) of rats,
the genes associated with inflammatory response were
obtained according to the databases, and the gene
expression changes during LR were checked by the Rat
Genome 230 2.0 array.
RESULTS: Two hundred and thirty-nine genes were
associated with liver regeneration. The initial and total
expressing gene numbers found in initiation phase
(0.5-4 h after PH), G0/G1 transition (4-6 h after PH),
cell proliferation (6-66 h after PH), cell differentiation
and structure-function reconstruction (66-168 h after
PH) of liver regeneration were 107, 34, 126, 6 and 107,
92, 233, 145 respectively, showing that the associated
genes were mainly triggered at the beginning of liver
regeneration, and worked at different phases. According
to their expression similarity, these genes were classified
into 5 groups: only up-regulated, predominantly up-,
only down-, predominantly down-, up- and down-,
involving 92, 25, 77, 14 and 31 genes, respectively. The
total times of their up- and down-regulated expression
were 975 and 494, respectively, demonstrating that the
expressions of the majority of genes were increased,
and that of a few genes were decreased. Their time
relevance was classified into 13 groups, showing that
the cellular physiological and biochemical activities were
staggered during liver regeneration. According to gene
expression patterns, they were classified into 33 types,
suggesting that the activities were diverse and complex
during liver regeneration.
CONCLUSION: Inflammatory response is closely

associated with liver regeneration, in which 239 LRassociated genes play an important role.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Partial hepatectomy (PH)[1], being severely harmful to the
body, can cause inflammatory response[2]. Furthermore,
it also activates the remaining liver cells to enter into
cell cycle to replenish the lost livers, which is called liver
regeneration (LR)[3,4]. Generally, an inflammatory response
goes through the following processes: the change of
vascular permeability[5] as a result of the tissue injury[6],
leukocytes’ escape from blood vessel, activation and
proliferation of target cells induced by released cytokines,
elimination of foreign materials, wound repair and so on[6].
It is a defense mechanism developed during the long-term
evolutionary process, being closely linked to survival of
living organisms[7].
Usually, the process of LR is classified based on the
cellular physiological activities into 4 phases consisting of
the initiation (0.5-4 h after PH), the G0/G1 transition (4-6
h after PH), the cell proliferation (6-66 h after PH), the
cell differentiation and structure-function reorganization
(66-168 h after PH) [8] , or divided according to time
course into 4 phases including forepart (0.5-4 h after
PH), prophase (6-12 h after PH), metaphase (16-66 h
after PH), and anaphase (72-168 h after PH)[9], in which a
variety of physiological and biochemical events including
cell activation, de-differentiation, proliferation and its
regulation, re-differentiation, reorganization of structurefunction[10] are involved. The process is regulated by many
factors including inflammation[11]. Studying the relationship
between inflammatory response and liver regeneration
at transcriptional level is helpful to clarify the molecular
mechanism of liver regeneration[9,12]. In the current study,
www.wjgnet.com
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the expression changes of genes in regenerating liver were
detected by Rat Genome 230 2.0 array [13,14] containing
409 genes associated with inflammatory response. Two
hundred and thirty-nine genes were found associated with
liver regeneration[15], and their expression changes, patterns
and roles in LR were preliminarily analyzed.

MATERIALS AND METHODS
Regenerating liver preparation
Healthy SD rats weighing 200-250 g were obtained from
the Animal Center of Henan Normal University. The rats
were separated into groups at random and each group
included 6 rats (Male:Female = 1:1). PH was performed
according to Higgins and Anderson[3]: the left and middle
lobes of the liver were removed. Rats were killed by
cervical vertebra dislocation at 0.5, 1, 2, 4, 6, 8, 12, 24, 36,
54, 66, 72, 120, 144 and 168 h after partial hepatectomy
and the regenerating livers were examined at corresponding
time points. The livers were rinsed three times in PBS at
4℃. Then 100-200 mg liver tissues from middle parts of
the right lobe, six samples of each group were gathered
and mixed together to a total of 1-2 g (0.1-0.2 g × 6) of
liver tissue, and stored at -80℃. The sham-operation (SO)
groups were treated the same way with partial hepatectomy
ones except that the liver lobes were unremoved. The laws
of animal protection of China were followed strictly.
RNA isolation and purification
Total RNA was isolated from frozen livers according to
the manual of Trizol kit (Invitrogen)[16] and then purified
based on the guide of RNeasy mini kit (Qiagen)[17]. Total
RNA samples were examined and exhibited a 2:1 ratio of
28S to 18S rRNA intensities by agarose electrophoresis
(180 V, 0.5 h). Total RNA concentration and purity were
estimated by optical density measurements at 260/280 nm[18].
cDNA, cRNA synthesis and purification
As template, 1-8 μ g total RNA was used for cDNA
synthesis. cDNA and cRNA synthesis were proceeded
according to the methods established by Affymetrix[13].
cRNA labeled with biotin was synthesized using 12 μL
of the above synthesized cDNA as the template, and
cDNA and cRNA were purified [13] . Measurement of
concentration, purity and quality of cDNA and cRNA was
the same as above.
cRNA fragmentation and microarray detection
Fifteen microliters (1 μg/μL) cRNA incubated with 5 ×
fragmentation buffer at 94℃ for 35 min was digested into
35-200 bp fragments. Rat Genome 230 2.0 microarray
produced by Affymetrix was prehybridized, then the
hybridization buffer was added at 45℃, and spun at 60
rotations per min for 16 h. The microarray was washed
and stained by GeneChip fluidics station 450 (Affymetrix
Inc., USA). The chips were scanned by GeneChip Scan
3000 (Affymetrix Inc., USA), and the signal values of gene
expression were observed[14].
Microarray data analysis
The normalized signal values, signal detections (P, A, M)
www.wjgnet.com
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and experiment/control (Ri) were obtained by quantifying
and normalizing the signal values using GCOS1.2[14].
Normalization of microarray data
To minimize error in the microarray analysis, each analysis
was perfor med three times by Rat Genome 230 2.0
microarray. Result with a total ratio was maximal (Rm) and
that of which the average of three housekeeping genes
( β -actin, hexokinase and glyseraldehyde-3-phosphate
dehydrogenase) approached 1.0 (R h ) were taken as a
reference. The modified data were generated using a
correction factor (Rm/Rh) multiplying the ratio of every
gene in Rh at each time point. To remove spurious gene
expression changes resulting from errors in the microarray
analysis, the gene expression profiles at 0-4 h, 6-12 h and
12-24 h after PH were reorganized by NAP software
(normalization analysis program) according to the cell
cycle progression of the regenerating hepatocytes. Data
statistics and cluster analysis were done using GeneMath,
GeneSpring, and Microsoft Excel software[14,19,20].
Identification of genes associated with liver regeneration
Firstly, the nomenclature of inflammatory response was
adopted from the GENEONTOLOGY database (www.
geneontology.org), and than input into NCBI (www.
ncbi.nlm.nih.gov) and RGD (rgd.mcw.edu) to identify
the rat, mouse and human genes associated with the
inflammatory response. According to maps of biological
pathways embodied by GENMAPP (www.genmapp.org),
KEGG (www.genome.jp/kegg/pathway.html#amino)
and BIOCARTA (www.biocarta.com/genes/index.asp),
the genes associated with inflammatory response were
collated. The results of this analysis were coded, and
compared with the results from human and mouse studies
in order to identify human and mouse genes which are
different from those of rat. In comparison of these genes
with the analysis output of the Rat Genome 230 2.0 array,
those genes that showed a greater than twofold change
in expression level, regarded as meaningful expression
changes[15], were referred to as rat homologous genes or
rat specific genes associated with inflammatory response.
Genes that displayed reproducible results with three
independent analyses with the chip and showed a greater
than twofold change in expression level at least at one time
point during liver regeneration with significant difference
(0.01 ≤ P < 0.05) or extremely significant difference (P ≤
0.01) between PH and sham operation (SO), were referred
to as associated with liver regeneration.

RESULTS
Expression changes of genes associated with inflammatory
response during liver regeneration
According to the databases at NCBI, GENMAPP,
KEGG, BIOCARTA and RGD, 661 genes were involved
in inflammatory response, in which, 405 genes were
contained in the Rat Genome 230 2.0 array. Among them,
the expression of 239 genes displayed meaningful changes
at least at one time point after PH, showed significant
or extremely significant differences in expression when
compared between PH and SO, and displayed reproducible
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Figure 1 Expression frequency, abundance and changes of 239 inflammatory response-associated genes during rat liver regeneration. Detection data of Rat Genome 230
2.0 array were analyzed and graphed by Microsoft Excel. A: Gene expression frequency. The dots above bias represent the genes up-regulated more than two fold, and
total times of up-regulation were 975; those below bias down-regulated more than two fold, and times of down-regulation were 494; and the ones between biases no-sense
alteration; B: Gene expression abundance and changes. One hundred and sixty-two genes were 2-257 fold up-regulated, and 147 genes 2-25 fold down-regulated.
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Figure 2 The initial and total expression profiles of 239 inflammatory
response-associated genes at each time point of liver regeneration.
Grey bars: Up-regulated gene; White bars: Down-regulated. Blank
bars represent initial expressing genes, in which up-regulated genes
were predominant in the forepart, and the down-regulated in the
prophase and metaphase, whereas very few in the anaphase. Dotted
bars represent the total expressing genes, in which some genes were
up-regulated, and the others down-regulated during the whole LR.
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results by three detections with Rat Genome 230 2.0 array,
suggesting that the genes were associated with LR. Change
in up-regulation ranged from 2 to 257 times higher than
control, and down-regulation ranged from 2 to 25 times
lower than control (Table 1). The data indicated that 92
genes were up-regulated, 77 genes down-, and 70 genes
up/down-during liver regeneration. The total up- and
down-regulated times were 975 and 494, respectively
(Figure 1A). At the initiation phase (0.5-4 h after PH), 77
genes displayed up-regulation, 27 genes down, 3 genes up/
down; at the G0/G1 transition (4-6 h after PH), 70 genes
up-regulated, 20 genes down-, and 2 genes up/down-; at
the cell proliferation phase (6-66 h after PH), 102 genes
up- regulated, 84 genes down-, and 47 genes up/down-; at
cell differentiation and structure-function reorganization
phase (66-168 h after PH), 82 genes up- regulated, 44
genes down-, and 19 genes up/down- (Figure 1B).
Initial expression time of genes associated with inflammatory
response during liver regeneration
At each time point of liver regeneration, the numbers of
initial up-, down-regulated and total up-, down-regulated
genes are as followings: both 34 and 10 at 0.5 h; 17, 12 and
47, 15 at 1 h; 15, 0 and 55, 2 at 2 h; 11, 8 and 64, 10 at 4 h;

7, 8 and 54, 18 at 6 h; 1, 2 and 49, 16 at 8 h; 2, 2 and 52, 15
at 12 h; 15, 13 and 51, 22 at 16 h; 14, 19 and 56, 41 at 18 h;
2, 1 and 49, 28 at 24 h; 7, 6 and 33, 29 at 30 h; 2, 8 and 41,
38 at 36 h; 0, 3 and 31, 15 at 42 h; 7, 3 and 66, 46 at 48 h;
0, 3 and 40, 38 at 54 h; 0, 1 and 37, 27 at 60 h; 0, 0 and 37,
18 at 66 h; 1, 2 and 31, 21 at 72 h; 1, 0 and 42, 20 at 96 h; 1,
0 and 40, 26 at 120 h; 0, 0 and 35, 18 at 144 h; 0, 1 and 31,
21 at 168 h (Figure 2). Generally, gene expression changes
occurred during the whole liver regeneration, and the upand down-regulations were 975 and 494 times, respectively.
There were predominantly initial up-regulated genes in the
forepart, and the down- regulated genes in the prophase
and metaphase, whereas only a few in the anaphase.
Expression similarity and time relevance of genes associated
with inflammatory response during liver regeneration
Two hundred and thirty-nine genes could be characterized
based on their similarity in expression as following: only
up-, predominantly up-, only down-, predominantly
down-, up/down-regulated, involving 92, 25, 77, 14 and 31
genes, respectively (Figure 3). According to time relevance,
they were classified into 13 groups, including 0.5 and 1 h,
2 h, 4 and 6 h, 8 and 12, 16 and 96 h, 18 and 24 h, 30 and
42 h, 36 h, 48 h, 54 and 60 h, 66 and 72 h, 120 and 144 h,
www.wjgnet.com
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Table 1 Expression abundance of 239 inflammatory response-associated genes during rat liver regeneration
Gene abbr.

Associated Fold
Gene abbr.
with others difference

1 Vascular reaction
Adcyap1
Alox5
Alox5ap
Aoc3
Bdkrb2
Cr2
Crp
Ctsb
Ctsc
Cysltr1
Edg3
F2
2b
F3
2b
Ggtla1
Itga1
Klkb1
Kng1
Ltb4r
3a
Nos3
2b
Oldlr1
Ptafr
Ptger3
2a
Ptges
Ptgs2
Reg3g
Spin2a
Spink5
2 Release cytokine
a Process of release
Abcf1
Abcf2
Abcf3
Adm
Adora2a
1
Anxa1
Apoa2
Apol3
App
Blvra
C1qr1
4
Cd163
Cd74
Chst1
Chst2
Col1a2
Col3a1
Crbpb
Esrra
Fcgr1
Itgb2
Klrg1
Lcn2
Map2k3
Mapk1
Mbp
Ms4a1
3a
Ncf1
Nfkbiz
Nostrin
Orm1
Parg
Pla2g4b
Psen2
Ptger3
1
Reg3a
Rela
3a
1

3.5
0.2, 2.5
4.9
6.1
0.4
6.0
0.5
3.6
0.4
0.1, 2.1
4.0
0.3
0.1, 2.0
4.0
2.9
0.4
2.1
0.5, 8.7
0.3, 2.1
0.3, 6.5
7.1
0.2
4.5
0.1, 2.1
0.3, 7.5
0.2, 4.3
0.1

2.1
0.4
0.5, 2.3
8.0
0.5
4.3
2.9
2.6
6.4
3.5
5.5
0.2
0.4
0.0
4.4
3.0
0.3, 6.5
3.1
0.2
2.6
0.5
0.4
0.5, 257.2
0.4
2.7
0.4
0.1
0.2, 3.7
6.6
8.0
2.8
4.8
2.0
0.2
0.2
0.1, 64.0
0.5

S100a9
Scube1
1
Socs3
Stab1
Tac1
Tlr2
Tlr4
Vps45
Zap70
Zfp36
b Cytokine
1
A2m
Abcb1
Agtr1a
Atrn
Bcl2a1
Bdnf
Casp1
Ccl17
Ccl19
Ccl2
Ccl20
Ccl21b
Ccl24
Ccl27
Ccl4
Ccl7
Ccr1
Cd274
Cklf1
Clec7a
Ctla4
Cxcl10
Cxcl12
Cxcl16
Ddt
Dfy
Dmd
Ebi3
Ela2
F2
F3
Gif
Gsk3b
Hrh1
Hrh4
1
Ifng
Igfbp4
Il17f
Il6
Il6r
Ins1
Jak2
Jun
Lif
Loc297568
Mapk8
1
Mmp9
Nos3
P2rx7
Pbef1
Pik3cd
Plaur
Ppbp
Ptgs1
Rgs16
Serpinb5

Associated Fold
with others difference
2b

1
1

1

4.9
3.2
0.1, 2.5
0.4
0.2
10.6
0.5
12.6
0.4
0.1, 4.6
0.4, 46.2
4.6
0.4
4.4
0.3, 5.3
0.4, 2.6
3.0
0.1
3.9
18.5
8.0
0.1, 2.0
4.0
0.3
0.2, 3.0
22.6
0.4, 27.9
0.3
8.3
0.2
0.3
0.3, 9.2
0.2
0.3
4.4
0.4, 8.5
0.3
0.2
0.5, 52.0
0.3
0.1, 2.0
0.1
0.4
0.5, 9.9
7.5
6.5
0.5
0.1
0.3, 6.1
3.0
2.1
6.5
1.0, 6.9
0.4, 3.0
0.4
0.5, 19.7
0.5, 9.5
0.3, 2.1
0.4, 2.5
8.1
0.3
13.9
0.1, 2.1
0.7, 3.4
0.1, 8.6
0.5, 12.1

Gene abbr.
1

Associated Fold
Gene abbr.
with others difference

Serpine1
16.7
Socs1
0.5, 2.4
Tgfb2
0.5, 2.9
Tnfrsf11b
0.3, 8.7
Tp53
2.9
Traf1
0.4
3 Cell activation, proliferation and
differentiation
a Cell activation
Acadm
6.9
Adprtl1
0.5
Ager
4
0.4
Ambp
5.1
Aox1
0.3
Baat
0.2
C3
0.2
C3ar1
0.3, 2.3
C4a
0.5
C5r1
0.4, 2.6
Casp8
10.6
Cd80
0.3, 3.0
Cd86
2.6
Chuk
0.3
Cnr2
0.5, 2.6
Crcp
0.3
Crebbp
0.1
Csf2
0.3
1
Ctgf
13.9
Cybb
4
2.5
Dusp1
0.4, 6.0
Dysf
0.5, 4.9
Fabp4
29.9
Fos
28.4
1
Foxm1
13.9
Gal
11.3
1
Hgf
0.4
Hmox2
0.4
1
Hpse
0.3, 6.3
Icam1
3.0
Ighe
0.2, 2.5
Ikbkb
0.3
Ikbkg
0.4
Il15
3b
0.4
Il16
0.4, 3.1
1
Il1B
0.4
Il1f5
0.4, 2.8
Il1f8
0.5
Il1r1
0.5
Il1rn
16.3
Il22ra2
0.1
IL2ra
0.3, 4.3
Il2rg
0.2, 5.1
Il4
3b,c
0.1, 2.6
Il5ra
7.0
Itgam
4
3.4
Lama5
3.8
Lamc1
0.4, 2.5
Ltb4r
1
0.5, 8.7
Mbl2
0.2
Mcpt6
0.2
Mif
3.2
Mob
7.0
Ms4a1
2a
0.1
Ms4a2
0.4, 5.3
Mug1
0.1, 3.5
Myd88
2.1
Ncr3
0.3

Associated Fold
with others difference

Ndst1
Nfatc4
Nfkb1
Nrf1
Pap
Pecam1
Prdx5
Prg2
Prg3
Prkca
Proc
Procr
Prok2
Pten
Rage
Rela
2a
Ripk2
Sele
3b
Slpi
Sod2
Spn
Tgfb1
Tmem23
1
Tnf
Tnfaip6
Tnfrsf4
Tnfsf11
Tnfsf4
b Cell proliferation
Akt1
B7h3
Bcl6
Cd22
Hdac7a
Igh-1a
Il15
3a
Il2
Il4
3a,c
Il5
3c
Il7
3c
Indo
Odc1
Plp
Ppara
Sele
3a
Spp1
3c
c Cell differentiation
Il12rb2
Il4
3a,b
Il5
3b
Il7
3b
Spp1
3b
Stat5a
Stat5b
Tslp
4 Phagocytosis
Ager
3a
C1qr1
2a
Cybb
3a
Itgam
3a
Itih4
Lyz
Nox1
Nox4

0.5, 2.1
0.5
0.4, 2.3
0.2, 2.4
68.6
3.5
0.5
0.3
0.2
0.5, 4.6
0.3
6.5
8.6
0.5
0.4
0.5
0.4
12.9
2.1
5.6
0.2, 4.0
4.0
0.2, 4.3
3.2
0.2, 2.1
0.3, 2.3
2.3
0.2, 2.3
3.9
3.5
8.6
0.4
0.5, 4.3
0.3
0.4
0.3, 3.5
0.1, 2.6
3.5
2.8
0.4, 2.3
3.3
0.1
0.3
12.9
0.5, 2.7
2.8
0.1, 2.6
3.5
2.8
0.5, 2.7
0.2
0.3
0.5, 6.1
0.4
5.5
2.5
3.4
0.3
0.4, 3.7
0.3, 8.6
0.1, 3.0

Indicates the reported genes associated with liver regeneration; the letters “a” and “b” at the top right corner of the number “2” respectively indicate “Process
of release” and “Cytokine” during the process of release cytokine, the letters “a”, “b” and “c” at the top right corner of the number “3” respectively refer to “Cell
activation”, “Cell proliferation” and “Cell differentiation” in the process of cell activation, proliferation and differentiation.
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42
30
96
16
1
0.5
168
144
120
72
66
36
60
54
24
18
48
12
8
6
4
2

168 h and the up- and down-regulated times were 81 and
25, 55 and 2, 118 and 28, 101 and 31, 93 and 42, 105 and
69, 64 and 44, 41 and 38, 66 and 46, 77 and 65, 68 and
39, 75 and 44, 31 and 21 respectively (Figure 3). The upregulated genes were chiefly ones promoting inflammatory
response, and the down-regulated genes were mostly ones
suppressing inflammatory response.
Expression patterns of genes associated with inflammatory
response during liver regeneration
Two hundred and thirty-nine genes were categorized into
33 patterns, according to the changes in their expression.
(1) up-regulation at one time point, i.e. 4, 6, 16, 18, 30, 48,
96, 120 h after partial hepatectomy (Figure 4A), 11 genes
involved; (2) up at two time points, i.e. 6 and 66 h, 12 and
60 h, 16 and 42 h, 16 and 96 h, 24 and 48 h, 30 and 42 h,
36 and 66 h, 48 and 120 h, 72 and 120 h (Figure 4B), 13
genes involved; (3) up at three time points (Figure 4C), 5
genes involved; (4) up at multiple time points (Figure 4D),
6 genes involved; (5) up at one time phase, i.e. 0.5-6 h, 0.5-8
h, 1-48 h, 6-12 h (Figure 4E), 4 genes involved; (6) up at
two time phases, i.e. 16-24 h and 42-48 h (Figure 4E), 1
gene involved; (7) up at three time phases (Figure 4E), 1
gene involved; (8) up at multiple time phases (Figure 4E),
1 gene involved; (9) up at one time point/phase, i.e. 0.5
and 4-12 h, 18 and 48-60 h, 48 and 2-24 h, 54 and 6-24 h,
66 and 6-24 h, 96 and 1-24 h, 120 and 2-72 h, 120 and 0.5-8
h (Figure 4F), 8 genes involved; (10) up at one time point/
two phases (Figure 4G), 5 genes involved; (11) up at one
time point/three phases (Figure 4G), 3 genes involved;
(12) up at two time points/one phase (Figure 4H), 7 genes
involved; (13) up at two time points/phases (Figure 4I), 6
genes involved; (14) up at two time points/three phases
(Figure 4J), 8 genes involved; (15) up at three time points/
one phase (Figure 4K), 1 gene involved; (16) up at three
time points/two phases (Figure 4K), 6 genes involved;
(17) up at multiple time points/phases (Figure 4L), 6 genes
involved; (18) down at one time point, i.e. 4, 6, 16, 18, 30,
36, 42, 48, 54, 60, 72, 168 h (Figure 4M, 4N), 28 genes
involved; (19) down at two time points, i.e. 0.5 and 48 h,
1 and 72 h, 16 and 42 h, 16 and 30 h, 18 and 54 h, 18 and

Figure 3 Expression similarity
and time relevance clusters of
239 inflammatory responseassociated genes during liver
regeneration. Detection data of
Rat Genome 230 2.0 array were
analyzed by H-clustering. Red
represents up-regulated genes
chiefly associated with promotion
of inflammatory response; Green
represents down-regulation
ones mainly associated with
suppression of inflammatory
response; Black: No-sense in
expression change. The upper
and right trees respectively show
expression similarity and time
series clusters, by which the above
genes were classified into 5 and
13 groups separately.

168 h, 30 and 42 h, 30 and 96 h, 42 and 66 h (Figure 4O ),
11 genes involved; (20) down at three time points (Figure
4O), 2 genes involved; (21) down at multiple time points
(Figure 4O), 1 gene involved; (22) down at one phase i.e.
4-8 h, 4-6 h, 4-12 h, 6-12 h (Figure 4P), 4 genes involved;
(23) down at two phases, i.e. 18-24 and 48-54 h (Figure
4P), 1 gene involved; (24) down at one time point/phase,
i.e. 36 and 48-60 h, 48 and 12-30 h, 48 and 18-24 h, 54 and
18-24 h, 72 and 120-144 h (Figure 4Q), 5 genes involved;
(25) down at one time point/two phases (Figure 4Q), 4
genes involved; (26) down at one time point/three phases
(Figure 4Q), 2 genes involved; (27) down at two time
points/one phase (Figure 4R), 6 genes involved; (28) down
at two time points/phases (Figure 4R), 6 genes involved;
(29) down at three time points/one phase (Figure 4S), 2
genes involved; (30) down at multiple time points/phases
(Figure 4S), 5 genes involved; (31) predominantly up (Figure
4T and U), 25 genes involved; (32) predominantly down
(Figure 4V), 14 genes involved; (33) similarly up/down
(Figure 4W and X), 31 genes involved.

DISCUSSION
Inflammatory response is a self-protection mechanism
formed during the long evolution, closely bound up
with higher animal survival. In the process, six proteins
including leukotriene B4 receptor (LTB4R), are associated
with vascular reactions, through enhancing vascular
permeability[21]. In addition, seven other proteins including
platelet-activating factor receptor (PTAFR) have a role in
increasing vasodilatation and permeability[22]. Four proteins
including oxidized low density lipoprotein receptor 1
(OLDLR1) promote leukocytes and proteins to exude
from vessels[23]. Four proteins including regenerating islet
derived 3 gamma (REG3G) accelerate vasodilatation[24].
Four proteins including amine oxidase copper containing
3 (AOC3) restrain leucocytes to migrate to sites of
inflammation[25]. The meaningful expression profiles of
the genes encoding the above proteins were the same or
similar at some points while different at others, indicating
that they may co-regulate vascular reaction. Among them,
www.wjgnet.com
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Figure 4 Thirty-three gene expression patterns of 239 inflammatory response-associated genes during liver regeneration. Expression patterns were obtained by the
analysis of detection results of Rat Genome 230 2.0 array with Microsoft Excel. A-L: 92 up-regulated genes; M-S: 77 down-regulated genes; T-X: 70 up/down-regulated
genes. X-axis represents recovery time after partial hepatectomy (h); Y-axis shows logarithm ratio of the signal values of genes at each time point to control.

aoc3 was up-regulated at 36, 54 and 168 h after PH, and
reached a peak at 36 h, which was 6.1 fold of control. ltb4r
was up- at 6, 18, 36, 48 and 60 h after PH, and reached a
peak at 60 h, which was 6 fold of control. oldlr1 was up- at
2-6, 18-24 and 48-66 h after PH, and reached a peak at 6
h, which was 6.5 fold of control. ptafr was up- at 16, 30, 42
and 96 h after PH, and reached a peak at 96 h, which was 7.1
fold of control. reg3g was up- at 12 and 36 h after PH, and
reached a peak at 36 h, which was 7.5 fold of control. It
is assumed that the above genes play a key role in vascular
reaction during liver regeneration.
Ten proteins including lipocalin 2 (LCN2), associated
with cytokine release, are activated by interleukins to
promote inflammation [26] . Integrin beta 2 (ITGB2)
stimulates leucocytes to secrete IL-12[27]. Nine proteins
including regenerating islet-derived 3 alpha (REG3A)
accelerate cytokines synthesis [28] . Fourteen proteins
www.wjgnet.com

including toll-like receptor 2 (TLR2) increase activation of
macrophages[29]. Nine proteins including vacuolar protein
sorting 45 (VPS45) stimulate the release of inflammatory
factors, such as histamine, bradykinin[30]. The meaningful
expression profiles of the genes encoding these proteins,
being the same or similar at some points while different at
others, indicate that they may co-regulate cytokine release.
Among them, lcn2 was up-regulated at 0.5-24, 36, 48-72
and 120-168 h after partial hepatectomy, and reached a
peak at 24 h, which was 257 fold of control. reg3a was upat 12, 36 and 96 h after PH, and reached a peak at 36 h,
which was 64 fold of control. tlr2 was up- at 0.5-8, 18-66
and 120-168 h after PH, and reached a peak at 168 h,
which was 10.6 fold of control. vps45 was up- at 16, 30, 42
and 96 h after PH, and reached a peak at 42 h, which was
12.6 fold of control. It is suggested that the above genes
play a key role in cytokine release during liver regeneration.
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Twelve proteins including chemokine C-C motif
ligand 7 (CCL7), associated with inflammatory response,
accelerate T cell migration to sites of inflammation[31].
Nine proteins including plasminogen activator urokinase
receptor (PLAUR) promote leukocyte adhesion[32]. Eight
proteins including serine or cysteine peptidase inhibitor
clade E member 1(SERPINE1) promote inflammatory
cell mig ration [33] . Ten proteins including mitogenactivated protein kinase 8 (MAPK8) promote neutrophils,
macrophages and T cells to ooze from blood vessel[34].
ATP-binding cassette sub-family B member 1 (ABCB1)
enhances the transduction of inflammatory signaling[35].
Three proteins including alpha-2-macroglobulin (A2M)
restrain the activities of various proteases including trypsin,
thrombin and collagenase[36]. Twelve proteins including
chemokine C-C motif receptor 1 (CCR1) inhibit the
activities of leukocyte and inflammatory protein (MIP)-1
by enhancing the chemotaxis of neutrophils, monocytes,
lymphocytes and eosinophils [37] . T he meaningful
expression profiles of these genes showed the sameness
or similarity at some points while exhibited difference at
others, suggesting that they may regulate the cytokinemediated inflammation together. Among them, a2m was
up- at 0.5-24, 36 and 48-54 h, and reached a peak at 8 h,
which was 46.2 fold of control. This is generally consistent
with the result reported by Scotte et al[38]. serpine1 was upat 1-48 h, and reached a peak at 6 h, which was 16.7 fold
of control. This is in conformity with the result reported
by Mueller et al[39]. ccl7 was up- at 1-4, 12, 24, 48, 66 and
144-168 h, and reached a peak at 48 h, which was 22.6 fold
of control. ccr1 was up- at 8-36, 48 and 120 h, and reached
a peak at 48 h, which was 27.9 fold of control. mapk8 was
up- at 0.5-24, 48-60, 72 and 144 h, having a peak at 4 h,
which was 12 fold of control. plaur was up- at 1, 6, 18-24,
48, 72 and 120 h, and had the highest abundance of 13.9
fold at 6 h. It indicates that these genes play a key role in
inflammation during liver regeneration.
Among the proteins associated with the inflammatory
cell activation, connective tissue growth factor (CTGF)
enhances macrophage activity via M-CSF (macrophage
colony-stimulating factor) [40]. Eight proteins including
cysteine aspartate-specific protease 8 (CASP8) lead
inflammator y response by accelerating neutrophil
apoptosis [41]. Ten proteins including v-fos FBJ murine
osteosarcoma viral oncogene homolog (FOS) accelerate
inflammatory response by activating MAPK[42]. Six proteins
including forkhead box M1 (FOXM1) induce inflammatory
response when they are over expressed[43]. Seven proteins
including pancreatitis-associated protein (PAP) inhibit
inflammatory response by suppressing the activity of
NFκB[44]. Six proteins including fatty acid binding protein
4 (FABP4) inhibit inflammatory response by reducing
the activities of NF κ B and I κ B of macrophages [45] .
Eight proteins including interleukin 1 receptor
antagonist (IL1RN) decrease inflammatory response
by inhibiting the activities of IL1A and IL1B [46]. Four
proteins including galanin (GAL) suppress inflammatory
response by inhibiting proliferation of thymus cells and
macrophages[47]. The meaningful expression profiles of
the genes encoding the proteins mentioned above showed
the sameness or similarity at some point while exhibited
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difference at others, implying that they may co-regulate the
activity of inflammatory cell. Among them, ctgf was up- at
0.5-8, 18-24, 36, 54 and 72 h after PH, and reached a peak
at 6 h, which was 13.9 fold of control. This is consistent
with the results reported by Pi et al[48]. foxm1 was up- at 1,
18-24, 36, 48-72 and 120 h after PH, and reached a peak
at 66 h, which was 13.9 fold of control. This is in line
with the results reported by Wang et al[43]. casp8 was up- at
1, 18-24, 36, 48-72 and 120-168 h, and reached a peak at
48 h, which was 10.6 fold of control. fabp4 was up- at 4,
12-24, 36, 48-72 and 120-168 h, and reached a peak at 120 h,
which was 29.9 fold of control. fos was up- at 0.5-30, 42-48
and 120 h after PH, and reached a peak at 0.5 h, which
was 28.4 fold of control. gal was up- at 1-16, 30, 42 and
96-120 h after PH, and reached a peak at 96 h, which was
11.3 fold of control. il1rn was up- at 2-24 and 48 h after
PH, and reached a peak at 8 h, which was 16.3 fold of
control. pap was up- at 1-24, 36, 48-54, 66 and 120-144 h
after PH, and reached a peak at 12 h, which was 68.6 fold
of control. It is assumed that these genes play vital roles in
inflammatory cell activation during LR.
Nine proteins including B-cell CLL/lymphoma 6
(BCL6), associated with inflammatory cell proliferation,
promote the proliferation of T cells and B cells[49]. Five
proteins including selectin E (SELE) promote recruitment
of white blood cells to inflammation sites by activating
neutrophils[50]. Three proteins including cluster of differentiation 276 (CD276) induced by LPS inhibit T cell
proliferation[51]. The meaningful expression profiles of the
genes encoding these proteins showed the sameness or
similarity at some points while difference at others, indicating that they may modulate inflammatory cell proliferation
together. Remarkably, sele showed up-regulation at 0.5-2,
16-24, 36, 54-66 and 96-120 h with the highest abundance
of 12.9 fold of control at 66 h after PH. bcl6 was up- at
0.5-12, 24, 48-54, 72 and 120-168 h, and reached a peak
at 0.5 h, which was 8.6 times higher than the control. It is
supposed that they are important in inflammatory cell proliferation during liver regeneration.
Interleukin 12 receptor beta 2 (IL12RB2), associated
with inflammatory cells differentiation, promotes Th1 cells
differentiation[52]. Three proteins including thymic stromal lymphopoietin (TSLP) facilitate the differentiation of
CD4(+)T cells to Th2 cells[53]. The meaningful expression
profiles of the genes encoding these proteins exhibited the
sameness or similarity at some points while difference at
others, indicating that they may co-regulate inflammatory
cell differentiation. Remarkably, tslp displayed up-regulation at 18-24, 36, 48-60, 72 and 120-144 h with the highest
abundance of 6.1 fold at 18 h after PH, indicating that it
is essential to inflammatory cell differentiation during liver
regeneration.
Five proteins including complement component 1
q subcomponent receptor 1 (C1QR1), associated with
inflammation elimination, can clear dead cells by promoting monocytes, neutrophils and epithelial cells to secrete
inflammatory factors[54]. Lysozyme(LYZ) promotes bacterialepicyte dissolution[55]. NADPH oxidase 1, 4 (NOX1,
NOX4) accelerate cell aging by catalyzing production
of active oxygen[56]. The meaningful expression changes
of these genes displaying sameness or similarity at some
www.wjgnet.com
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points while difference at others indicate that they may coregulate subsidence of inflammation. Especially, lyz was
up-regulated at 1-4, 48 and 96 h, and reached a peak at 48
h, which was 3.7 times higher than the control. nox1 was
up- at 0.5-8, 18 and 120 h, and had a peak expression at 2 h,
which was 8.6 times higher than the control. c1qr1 was upat 0.5-12, 24, 36, 60-72 and 120-168 h, reaching a peak at
8 h, which was 5.5-fold of control. It is supposed that the
three genes are of importance in eliminating inflammation
during liver regeneration.
In conclusion, the expression chang es of the
inflammatory response-associated genes after partial
hepatectomy in rats have been investigated with highthroughput gene expression analysis. It is preliminarily
confirmed that inflammatory response is enhanced during
liver regeneration; that Rat Genome 230 2.0 array is a
useful tool for analysis of the inflammatory response at
the transcriptional level. However, the process of DNA→
mRNA→ protein→ function is influenced by many factors
including protein interaction. Therefore, further analyses
of our results using techniques, such as Northern blotting,
protein chip, RNA interference, protein-interaction are
needed.
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Abstract
AIM: To establish the rats model of chronic fibrosing
pancreatitis and to prove the anti-fibrotic effect of
emodin in chronic pancreatitis with fibrosis.
METHODS: Fifty rats were randomly divided into
five groups, 10 rats in each group. Trinitrobenzene
sulfonic acid (TNBS) was infused into the pancreatic
duct to induce chronic pancreatitis in rats (except for
normal group). Emodin-treated rats were fed with
different doses of emodin (20, 40 and 80 mg/kg body
weight) for 28 d, while normal group and control group
received 0.9% sodium chloride solution. Serum levels of
hyaluronic acid (HA) and laminin (LN) were determined
by radioimmunoassay. Histopathological alterations were
studied by optical microscopy. Expression of collagen
was also examined while transforming growth factorbeta-1 (TGF-β1) was localized by immunochemistry.
RESULTS: In emodin-treated rats, the serum levels of
HA and LN were decreased significantly (HA, 62.2 ±
19.3 µg/L vs 112.7 ± 26.5 µg/L, P < 0.05; LN 44.3 ±
10.4 µg/L vs 86.2 ± 16.5 µg/L, P < 0.05); the degree of
fibrosis was ameliorated observably; the expression of
collagen in pancreatic tissue was reduced especially in
high-dose emodin-treated group (36% ± 5% vs 42% ±
6%, P < 0.05); with the increased doses of emodin, the
expression of TGF-β1 was declined, compared with those
in control group.
CONCLUSION: Emodin has an anti-fibrotic effect on
pancreatic fibrosis in rats. Because of its anti-fibrotic
effect, it could be a potential herb for the treatment of
chronic pancreatitis.
Key words: Emodin; Fibrosis; Chronic pancreatitis;
Animal model
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic pancreatitis is characterized morphologically by
a progressive pancreatic fibrotic process[1]. Extracellular
matrix (ECM) components are distributed in both
healthy and diseased pancreas, and there is an increased
deposition of disorganized ECM components in chronic
pancreatitis[2]. However, the mechanism of the fibrotic
process is not fully understood. Progressive fibrosis is a
characteristic feature of chronic pancreatitis of various
etiologies, thus anti-fibrosis is the key to the therapy
of chronic pancreatitis. However, no ideal treatment is
available yet. Could traditional Chinese herbs be effective?
Emodin (1, 3, 8-trihydroxy-6-methylanthraquinone)
isolated from a g reat deal of herbs is an effective
constituent with many effects. Lots of pharmaceutical
studies have demonstrated that emodin has many biological
effects [3-5], such as anticancer, antimicrobial, and antiinflammatory effects, etc. Moreover, several studies[6,7] have
revealed that emodin is efficacious in the management
of acute pancreatitis and hepato-cirrhosis, but studies on
chronic pancreatitis are rare. We designed this experiment
to investigate the effect of emodin on pancreatic fibrosis
in rats, and elucidate its potential therapeutic mechnisms.

MATERIALS AND METHODS
Materials
Male Sprague-Dawley rats weighing 200-250 g were
provided by the Animal Center of Zhejiang University.
Trinitrobeneze sulfonic acid (TNBS) was obtained from
Sigma Chemical Company. Radioimmunoassay kits of rat
hyaluronic acid (HA) and laminin (LN) were purchased
from Shanghai Tiancheng Science and Technology Ltd.
Emodin was offered by Hunan Huaguang Chemical
Company. TGF-β1 polyclonal antiboby was provided by
Santa Cruz Company. Immunochemistry kits (Envision
TM) were offered by DAKO, Denmark.
Grouping and animal model
Fifty male Sprague-Dawley rats were randomly divided into
five groups, 10 rats in each group. A chronic pancreatitis
model was induced in rats by infusion of TNBS into
the pancreatic duct with a modification of the method
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Table 2 Effect of emodin on serum hyaluronic acid (HA) and
laminin (LN) (mean ± SE)

Table 1 Grading of pancreatic fibrosis
Grade

Duct
dilation

Periductal
fibrosis

379

Intralobular
fibrosis

Glandular
atrophy

Group

n

HA (µg/L)

LN (µg/L)

F0

-

-

-

  

-

1 (Normal)

10

55.2 ± 23.7

40.5 ± 12.2

F1

+

-

-

   

-

2 (Control)

8

112.7 ± 26.5b

86.2 ± 16.5b

F2

+

+

-

-

8

a

66.8 ± 14.4a

F3

+

+

+

-

d

56.7 ± 12.3a

F4

+

+

+

+

d

44.3 ± 10.4d

3 (emodin, 20 mg/kg)
4 (emodin, 40 mg/kg)
5 (emodin, 80 mg/kg)
b

described by Puig-Divi et al[8] (except for normal group).
After fasted for 3 d, the rats in group 1 (normal group,
nonoperation) and group 2 (control group, nontreating)
received oral 0.9% sodium chloride solution. Emodintreated rats in groups 3-5 were fed with different doses of
emodin (20, 40 and 80 mg/kg body mass). Twenty-eight
days after treatment, all rats were killed. Pancreatic tissues
and blood samples were collected and kept for further
study.
Measurement of serum HA and LN
Blood samples were obtained 28 d after treatment,
and serum levels of HA and LN were determined by
radioimmunoassay.
Histological examination
Paraffin sections of rat pancreatic tissue were stained with
hematoxylin and eosin. We evaluated the morphologic
changes by light-microscopy. Grading of pancreatic
fibrosis was carried out as previously described[9] (Table 1).
Mesurement of collagen expression
Pancreatic fibrosis was observed by the Van Gieson
staining, semi-quantitative analysis of collagen fibres was
carried out by the KS400 imaging analysis system (KS400
ver. 2.0).
Immunochemistry
Paraffin-embedded tissue sections were subjected to
immunostaining using the DAKO EnVisin two-step
procedure. Tissue sections were submerged for 10 min in
Tris buffered saline (TBS) (10 mmol/L Tris-HCl, 0.85%
NaCl, pH 7.4) containing 3% hydrogen peroxide in order
to quench the endogenous peroxidase activity. Following
washing with distilled water, the sections were incubated
in TBS with polyclonal antibodies against TGF-β1 diluted
at 1:200 for 30 min. After 10-min washing with TBS, the
sections were incubated with Envision TM for another 30
min. After washing with TBS for 10 min, the sections were
incubated with diaminobenzidine (DAB) as a substrate and
counterstained. The results were evaluated by microscopy.
All samples were classified according to the percentage of
TGF-β1 positive cells (brown colour reaction). We defined
0 as no, + as 0%-25%, +2 as 25%-50%, +3 as 50%-75%,
+4 as > 75%.
Statistical analysis
Serum levels of HA and LN and pancreatic collagen
content were expressed as mean ± SE. Student’s t test was

8
9

86.6 ± 22.1
78.0 ± 24.5
62.2 ± 19.3

P < 0.01 vs group 1; aP < 0.05, dP < 0.01 vs group 2.

used for statistical analysis. Chi square test was used for the
ranked data statistical analysis. If the expected cell count
was less than or equal to 5, Fisher’s exact test was used.
SPSS 11.0 was used for statistical analysis, and P < 0.05
was considered statistically significant.

RESULTS
Survival rate of rats
The survival rate was 83.3% in emodin-treated groups
(25/30) and 80.0% (8/10) in control group. However, no
significant difference was found between these groups.
Serum HA and LN
The mean serum level of HA and LN was the lowest in
normal group (group 1, P < 0.05), and the levels of HA
and LN were significantly lower in emodin-treated groups
(groups 3-5) than in control group (group 2, P < 0.05).
With the increased doses of emodin, the serum levels of
HA and LN were decreased in emodin-treated groups, but
there was no statistically significant difference between
them (Table 2).
Histopathological examination
Pancreatic fibrosis was evaluated according to the criteria
described above (Table 1), and the results are shown
in Figure 1. The extent of fibrosis was much milder in
emodin-treated groups than in control group. Structural
changes such as periductal fibrosis, intralobular fibrosis
and glandular atrophy were ameliorated. With the increased
doses of emodin, the changes were significantly improved.
Pancreatic collagen content
Pancreatic collag en was detected by Van Gieson
staining. An extensive accumulation of collagen and
glandular atrophy were found in control group, while the
accumulation of collagen was decreased and no glandular
atrophy was found in emodin-treated groups. We obtained
the positive proportions of Van Gieson staining by the
imaging analysis system. The positive proportions in each
group are shown in Table 3. With the increased doses
of emodin, the changes were improved obviously. Only
a significant difference was found between group 5 and
group 2 (P < 0.05).
Immunochemistry
Four groups (except for normal group) showed TGF-β1
expression (brown colour reaction) (Figure 2). The
www.wjgnet.com
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Table 3 Pancreatic collagen content in different groups
(mean ± SE, %)

5

Grading

January 21, 2007

4
3
2

Group

n

2 (Control)

8

42 ± 6

3 (emodin, 20 mg/kg)

8

39 ± 7

4 (emodin, 40 mg/kg)

8

38 ± 4

5 (emodin, 80 mg/kg)

9

36 ± 5a

Positive proportion

1
a

0

P < 0.05 vs group 2.

0
1
		

2

3
Groups

4

5

6

Figure 1 Effect of emodin on histopathological alterations in rats. Grading: 1 = F0,
2 = F1, 3 = F2, 4 = F3, 5 = F4, 6 = F5.

results are shown in Table 4. With the increased doses of
emodin, the changes were improved obviously, similar to
the above results. For the sake of statistical analysis, we
divied all samples into two large groups: low expression
of TGF-β1 (0, +1, +2) and high expression of TGF-β1
(+3, +4). Fisher’s exact test was used for statistical analysis.
Compared with group 2 (0 rat in low expression group and
8 rats in high expression group), a significant difference
was found between group 4 (7 rats in low expression
group and 1 rat in high expression group) and group 5 (9
rats in low expression group and 0 rat in high expression
group) (P < 0.05). Compared with group 3 (4 rats in low
expression group and 4 rats in high expression group),
only group 5 had a significant difference (P < 0.05). There
was no statistically significant difference between any other
two groups.

DISCUSSION
The incidence of chronic pancreatitis is increasing,
and the most important etiological factor is alcohol.
The pathogenesis of chronic pancreatitis has not been
completely understood. Nevertheless, it was reported that
various factors such as TGF-β1, ECM, oxidative stress etc,
are involved in the progression of pancreatic fibrosis[10,11].
Since pancreatic fibrosis is the characteristic feature of
chronic pancreatitis, preventing and inverting pancreatic
fibrosis is the key to therapy of chronic pancreatitis and
amelioration of its prognosis.
Drugs which could prevent or invert pancreatic fibrosis
might be developed and interventioned for the treatment
of chronic pancreatitis with fibrosis. Emodin isolated
from a great deal of herbs is an effective constituent with
many effects[3-5]. It was reported that emodin could inhibit
the expression of α-smooth muscle actin (α-SMA) and
reduce the transformation and synthesis of TGF-β 1[6].
Some researchers observed that emodin could inhibit
transformation of hepatic stellate cells (HSCs) from G1
phase to S phase and S phase to G 2 phase that could
prevent HSC proliferation. It also has been reported
that emodin could inhibit lipid peroxidation[12]. However,
previous studies of emodin mainly focused on how to
inhibit liver fibrosis, while studies on pancreatic fibrosis
are rare. The aim of this research was to study the effect
www.wjgnet.com

Table 4 Immunochemistry results in different groups
(percentage of TGF-β1 positive cells)
Group

n

0

+

+2

+3

+4

1 (Normal)

10

9

1

0

0

0

2 (Control)

8

0

0

0

4

4

3 (emodin, 20 mg/kg)

8

0

0

4

4

0

4 (emodin, 40 mg/kg)

8

0

4

3

1

0

5 (emodin, 80 mg/kg)

9

4

5

0

0

0

0: No; +: 0%-25%; + 2: 25%-50%; + 3: 50%-75%; + 4: > 75%.

of emodin on pancreatic fibrosis, and the results of our
study indicate that emodin has an anti-fibrotic effect on
pancreatic fibrosis in rats.
Cells similar to HSCs have been identified and isolated
from the pancreas, known as pancreatic stellate cells
(PSCs)[13,14]. It was reported that PSCs are activated in both
experimental and human pancreatic fibrosis and these
activated PSCs are the main cellular source of collagen
in chronic pancreatitis [15], suggesting that pathological
alteration of pancteatic fibrosis is similar to liver fibrosis,
and may share the same mechanism of fibrosis and antifibrosis.
The potential mechanisms of emodin include the
following aspects. The first is cell protection. As we know,
tissue injury is the first step of fibrosis. Apte et al[16] showed
that activated PSCs around the pancreatic micrangium
express α-SMA, which could aggravate fibrosis of the
pancreas, because of vasoconstriction and pancreatic
ischemia caused by α -SMA. Emodin could protect
pancreatic cells and organs from impairment. In our
study, the extent of fibrosis was much milder in emodintreated groups than in control group. This may be the first
mechanism of emodin’s anti-fibrotic effect. The second
is the effect of emodin on cytokines. PSCs produce ECM
after stimulation with TGF-β1, platelet-derived growth
factor (PDGF), etc [17]. It was reported that TGF is the
key regulating factor of fibrosis. Modulation of TGF-β
signaling may be the therapeutic target for the prevention
of chronic pancreatitis[18]. It was reported that emodin
could inhibit the expression of TGF-β1 in liver fibrosis
model of rats [6] . Imanishi et al [19] found that emodin
could modulate the effect of PDGF, which could slow
down the progression of fibrosis. In our study, emodintreated groups showed low expression of TGF- β 1 ,
especially in high-dose emodin-treated group. Emodin
could counteract cytokines and their receptors, which are
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Figure 2 Pancreatic immunochemistry changes in normal group (A), control group (B) and 20 mg/kg (C), 40 mg/kg (D) and 80 mg/kg (E) emodin-treated groups (× 100).
Normal group had no TGF-β1 expression (brown color reaction), control group had the highest expression of TGF-β1 while 20, 40 and 80 mg/kg emodin-treated groups had
different levels of TGF-β1 expression.

relevant to the progression of fibrosis, and then brings
its anti-fibrotic effect into play. The third is the regulatory
effect of emodin on ECM metabolism. Disbalance in
ECM metabolism is the common way of fibrosis. Chronic
pancreatitis is due to the cumulative intrapancreatic
ECM deposition. ECM is consisted of collagens and
noncollagenous glycoproteins (fibronectin, laminin). It
was reported that serum HA and LN are two important
markers responsible for the degrees of fibrosis[20]. Our
study revealed that the serum levels of HA and LN were
significantly lower in emodin-treated groups than in control
group, suggesting that emodin can affect the metabolism
of ECM. However, the exact mechanism by which
emodin regulates the content of ECM still needs further
investigation. The fourth is the effect of emodin on ECMproducing cells. PSCs rapidly proliferate following injury
and are the major source of pancreatic ECM component
during pancreatic fibrogenesis, and accumulating evidence
has placed PSCs at the center of pancreatic fibrosis[15].
Emodin not only inhibits proliferation and activation of
PSCs, but also induces their apoptosis. This is another
mechanism underlying the anti-fibrotic effect of emodin.
The fifth is the antioxidizing effect of emodin. Yoo and
co-workers[11] reported that oxidative stress is principally
involved in the pathogenesis of chronic pancreatitis with
fibrosis and antioxidants could prevent and ameliorate the
extent of pancreatic fibrosis, suggesting that antioxidants
can be considered in preventing and treating chronic
pancreatitis. Eomdin could inhibit lipid peroxidation[12],
and antioxidization maybe another mechanism underlying
the anti-fibrotic effect of emodin.
Chronic pancreatitis is a progressive pancreatic
fibrotic process, and anti-fibrosis is the key therapy for
liver fibrosis. However, previous studies on the effect of
emodin on chronic pancreatitis in rats are not available.
Our study showed that emodin had an effect on pancreatic
fibrosis in rats.
The results of this study indicate that emodin can

significantly affect the development of pancreatic fibrosis
by reducing the serum levels of HA and LN, ameliorating
the degrees of fibrosis, diminishing the content of
collagen, inhibiting TGF-β1 expression. Therefore emodin
has an excellent prospect in the development of some new
praeparatum for the management of chronic pancreatits.
However, there are still some questions we need to answer,
such as whether emodin can be used in patients with
chronic pancreatitis, whether it is safe, since few previous
data are available so far. Further detailed experiments and
clinical trails are required to prove the potential clinical
application. As a traditional herb, emodin also has a long
long way to go.
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expression and the severity of liver fibrosis. Many of the
identified genes were involved in immune responses
and cell signaling. To quantify the extent of liver fibrosis,
we developed a new genetic fibrosis index (GFI) based
on gene-expression profiling of 4 clones using a linear
support vector regression analysis. This technique, based
on a supervised learning analysis, correctly quantified the
various degrees of fibrosis in both 74 training samples (r
= 0.76, 2.2% vs 2.8%, P < 0.0001) and 12 independent
additional test samples (r = 0.75, 9.8% vs 8.6%, P <
0.005). It was far better in assessing liver fibrosis than
blood markers such as prothrombin time (r = -0.53),
type Ⅳ collagen 7s (r = 0.48), hyaluronic acid (r = 0.41),
and aspartate aminotransferase to platelets ratio index
(APRI) (r = 0.38).
CONCLUSION: Our cDNA microarray-based strategy
may help clinicians to precisely and objectively monitor
the severity of liver fibrosis.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To study a more accurate quantification of hepatic
fibrosis which would provide clinically useful information
for monitoring the progression of chronic liver disease.
METHODS: Using a cDNA microarray containing over
22 000 clones, we analyzed the gene-expression profiles
of non-cancerous liver in 74 patients who underwent
hepatic resection. We calculated the ratio of azanstained: total area, and determined the morphologic
fibrosis index (MFI), as a mean of 9 section-images. We
used the MFI as a reference standard to evaluate our
method for assessing liver fibrosis.
RESULTS: We identified 39 genes that collectively
showed a good correlation (r > 0.50) between gene-

INTRODUCTION
The prognosis and management of chronic liver diseases
often depends heavily on the degree of liver fibrosis.
This is particularly true of viral hepatitis, where chronic
hepatitis B and C infections affect as many as 370 and 130
million persons respectively worldwide[1,2]. Liver histology
has been the gold standard for monitoring hepatic fibrosis.
In response to a need for critical evaluation of fibrosis in
controlled therapeutic trials, a variety of staging systems
have been developed[3,4]. However, intra- and inter-observer
variability has resulted in discrepant staging, even in
studies involving expert hepatopathologists[5]. Alternatively,
several serum markers, such as alpha2 macroglobulin
www.wjgnet.com
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and hyaluronic acid, have substantial predictive value for
the diagnosis of cirrhosis, but not the important earlier
stages of liver fibrosis[6]. Therefore development of a new
comprehensive and objective evaluation system to quantify
the extent of liver fibrosis is important. More recently, the
value of noninvasive assessments of liver fibrosis, such as
liver stiffness (Fibroscan) and METAVIR fibrosis score
have been studied[7-10]. However, no standard diagnostic
modality is currently established for assessing liver fibrosis.
To date, there are a few DNA microarray studies investigating gene-expression patterns of non-cancerous liver
from patients with chronic liver disease[11-15]. These studies
successfully identified differentially regulated genes in liver
fibrosis, but none investigated any correlation between
gene-expression profiles and the extent of liver fibrosis. In
our recent report[16], we demonstrated that a specific geneexpression signature can objectively and accurately quantify the variable degrees of hepatic fibrosis in a rat model.
Here, we focused on identifying whether our molecular
based strategy precisely quantifies the severities of liver
fibrosis in humans as well.

MATERIALS AND METHODS
Liver samples
Seventy-four patients, including 67 with hepatocellular
carcinoma (HCC) and 7 with colorectal liver metastasis
who had undergone an initial hepatectomy at our institute
and affiliated hospitals were entered in this study. The
67 included 11 positive for hepatitis B surface antigen
(HBsAg), 47 positive for hepatitis C virus (HCV) antibody,
and 9 negative for either HBsAg or HCV antibody. The
7 metastatic patients were seronegative for either HBsAg
or HCV antibody, and they all had liver function values
within the normal limits and histologically normal liver
was analyzed. The resected non-cancerous liver specimens
were meticulously taken as far from the tumor as possible,
and were immediately frozen in liquid nitrogen and kept
at -80℃ until subsequent RNA preparation. Remaining
liver was soaked in 10% formaldehyde then embedded
in paraffin for azan staining. Written informed consent
was obtained from all patients according to the guidelines
approved by the Institutional Research Board at each
hospital.
Preparation of sections and measurement of the area of
liver fibrosis
Five thick fixed sections were stained with azan for
collagen fibers as described previously [16]. The section
images (× 40) were randomly selected and captured using
the Sony DXC S500/OL digital camera. These captured
images were entered into a personal computer as PICT
files (Adobe Photoshop version 7.0). To determine the
morphologic fibrosis index (MFI), the ratio of azanstained:total area was calculated as described [16] . We
examined how many or few section-images would be
sufficient to determine the MFI as a reference for the
degree of liver fibrosis (Figure 1). The fluctuation rate of
the MFI in each liver specimen was calculated as follows:
Fluctuation rate (%) = (n - n-1)/n-1 × 100
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Figure 1 The number of section-images used to calculate the morphological
fibrosis index (MFI) and the fluctuation rates of the MFI in the 12 randomly
selected liver samples (mean ± SD).

where, n represents the mean MFI value for n sectionimages. We calculated the fluctuation rates in 12 randomly
selected liver tissue specimens and plotted the mean of
these 12 samples according to the number of sectionimages. As expected, when the number of images was
small, the mean MFI value fluctuated markedly. As the
number of section-images increased, the fluctuation
attenuated and a plateau was subsequently reached at 9
images. In this study, we thus determined the MFI value as
a mean of 9 section-images. The mean MFI value (1.13%)
of the 7 patients with colorectal liver metastasis but
normal liver histology was considered as background and
subtracted to determine the MFI values for the 67 patients
with HCC.
All non-cancerous liver specimens were independently
examined by 2 experienced hepatopathologists (A.S.
and Y.Y.) blinded to the results of the DNA microarray
analysis, MFI values, and clinical data. The severity of liver
fibrosis (0-4) was evaluated semi-quantitatively according
to the METAVIR scoring system[5]: F0, no fibrosis; F1,
portal fibrosis without septa; F2, portal fibrosis and few
septa; F3, numerous septa without cirrhosis; and F4,
cirrhosis. Quadratic weighted kappa was calculated to
estimate the reproducibility of the staging between the 2
pathologists.
Liver function tests
We calculated the Pearson correlation coefficient between
MFI values and 10 preoperative clinical parameters
that have been associated with liver function or disease:
indocyanine green dye retention at 15 min, prothrombin
time (as a% of normal time), hepaplastin, platelet count,
albumin, total bilirubin, aspartate aminotransferase, alanine
aminotransferase, type Ⅳ collagen 7 s and hyaluronic acid.
The correlation coefficient between the MFI and aspartate
aminotransferase to platelets ratio index (APRI)[17] was also
calculated.
RNA preparation
Total liver RNA was isolated from frozen tissue by a
guanidium/cesium trifluoroacetate extraction method
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using a Quick Prep total RNA extraction kit (Amersham
Pharmacia Biotech, Little Chalfont, England)[18]. To ensure
the use of only high quality RNA, the concentration and
purity were determined by an Agilent 2100 bioanalyzer
(Agilent Technologies, Palo Alto, CA)[19].
Oligonucleotide microarray
We used the commercially available Human 1A Oligo
Microarray (Agilent) containing over 22 000 unique 60-mer
oligonucleotides representing over 17 000 unique human
genes, listed http://www.chem.agilent.com/scripts/
generic.asp?lpage=5175&amp;indcol=Y&amp;prodcol
= Y. Cyanine-labeled cRNA was prepared using a T7
linear amplification as described in the Agilent Low
RNA Input Fluorescent Linear Amplification Kit Manual
(Agilent). Briefly, 50 ng of purified total RNA was reverse
transcribed to generate double-stranded cDNA using
an oligo dT T7 promoter primer and MMLV reverse
transcriptase. Next, cRNA was synthesized using T7
RNA polymerase, which simultaneously incorporated Cy3
or Cy5 labeled CTP. During this process, experimental
samples from potentially fibrotic liver specimens were
labeled with Cy5 whereas a control sample from a mixture
of the 7 normal liver specimens was labeled with Cy3.
The quality of the cRNA was again checked using the
Agilent 2100 Bioanalyzer. One microgram aliquots each
of Cy3 and Cy5 labeled cRNA were combined, and
fragmented in a hybridization cocktail (Agilent). The
labeled cRNAs were then hybridized to 60-mer probe
oligonucleotide microarrays and incubated for 17 h at
60℃. The fluorescent intensities were determined by an
Agilent DNA Microarray Scanner and were analyzed using
G2567AA Feature Extraction Software Version A.7.5.1
(Agilent), which used the LOWESS (locally weighted
linear regression curve fit) normalization method. The
gene-expression values were calculated as the log ratio of
the Cy5 to Cy3 channel signals. All calculated data were
imported into the Rosetta Luminator system v2.0. (Rosetta
Biosoftware, Kirkland, WA) and all intensity data were
plotted as log ratios. The original data will be available at
URL supplemental website at http://www.mib-beppu.
kyushu-u.ac.jp/MIB_res/clin_surg/MA/MA_data.html.
This microarray study followed MIAME guidelines issued
by the Microarray Gene Expression Data group[20].
Identification of genes associated with liver fibrosis
We first excluded genes which had missing values in >
20% of samples. We thus analyzed 16 990 genes, missing
values in each sample were estimated using the 10-nearest
neighbors’ method based on the Euclid distance[21]. The
67 samples whose MFI values were measured, and the
7 normal liver samples (MFI = 0%), were used for this
analysis. The correlation coefficient between MFI values
and the expression of each gene in the 74 samples was
calculated.
Development of quantification scores for liver fibrosis:
Genetic fibrosis index
Next, we determined the parameters in the estimation
equation using a linear support vector regression (L-
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SVR) analysis[22]. The estimation equation based on the
L-SVR was expressed in linear equation form, namely
“the estimated MFI value = parameter 1 × the expression
value of gene a1 + parameter 2 × the expression value
of gene a2 + … + constant b”. These parameters and
the constant were determined according to Cherkassky’s
method[23]. Here, we define the estimated MFI value based
on the gene-expression values as the genetic fibrosis index
(GFI)[16]. To select the optimal set of marker genes that
best correlate GFI to MFI, we used a forward-backward
stepwise selection method. In this method, the correlation coefficient between the expression value of each gene
listed in Table 1 and the MFI value for the 74 samples
was calculated and genes with the highest correlation coefficients were selected. Using these selected genes, the
estimation equation parameters and constant were determined, and the correlation coefficient between the GFI
and MFI values was calculated one at a time by the L-SVR
based system. We repeated these steps with the addition
or elimination of genes to improve the correlation coefficient, and we subsequently determined the 4 optimized
marker clones. For independent validation, the GFI of
12 additional test samples (one normal and 11 chronically
damaged livers) was calculated using these 4 marker clones.

RESULTS
MFI and the histological stage of liver fibrosis
The MFI of the 67 patients with HCC ranged from 0.2%
to 18.8% (6.8% ± 3.5%). To understand the distribution
of MFI values in a clinical setting, we first examined
the correlation between the MFI and the stage of liver
fibrosis in the METAVIR scoring system (Figure 2). The
correlation coefficients between the MFI and the stages of
liver fibrosis by Pathologists A and B were r = 0.62 and r
= 0.61, respectively. The reproducibility of the METAVIR
scoring between the 2 pathologists was good (quadratic
weighted kappa = 0.86). The mean MFI value for liver
cirrhosis, stage F4, was approximately 10%.
MFI and liver function tests
We next determined the correlation between the MFI
and the results of so-called liver function tests in the 74
samples. The best correlation coefficient (r = -0.53) was
observed between the MFI and the prothrombin time.
The platelet count (r = -0.52), indocyanine green dye
retention test at 15 min (r = 0.49), and type IV collagen 7s
(r = 0.48) also had good correlation coefficients (Figure 3).
Conversely, APRI did not correlate well with the MFI (r =
0.38).
Identification of differentially regulated genes during liver
fibrogenesis
We identified differentially regulated genes associated with
the degree of liver fibrosis in the 74 samples. Thirty-nine
genes showed a good correlation (r > 0.50) between geneexpression and MFI (Table 1). There were no genes with
a correlation coefficient more negative than -0.5. The 39
genes included 24 named genes 18 of which (75%) were
associated with immune functions. Specifically, 9 genes
www.wjgnet.com
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Figure 3 Correlation coefficient among parameters for the assessment of liver damage. The left column represents the correlation coefficient between the morphological
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encoded major histocompatibility complex (MHC) class
Ⅱ molecules, such as HLA-DR4 and HLA-DRB5. The
most highly correlated gene was PIK3C2B, involved in

www.wjgnet.com

intracellular signaling pathways. PRKCB1, PTPRC, UNC5B,
and ARHGDIB are also associated with intracellular
signaling pathways.
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Table 1 Thirty-nine genes associated (r > 0.50) with the degree of liver fibrosis (MFI value)
Accession No.

Gene Name
2

Description

CC

1

NM_002646

PIK3C2B

Phosphoinositide-3-kinase, class 2, beta polypeptide

0.60

NM_152270

NM_1522702

Hypothetical protein FLJ34922 (FLJ34922)

0.59

NP113470

NP113470

Unknown

0.58

AK024488

AK024488

FLJ00087 protein

0.57

AB064167

AB064167

IGL mRNA for immunoglobulin lambda light chain VLJ region

0.57

BC015833

BC015833

cDNA clone MGC:27152 IMAGE:4691630

0.57

A_23_P32661

A_23_P32661

Unknown

0.57

M35730

M35730

MHC class Ⅱ DQ3.1ER (DR4)

0.56

NP077661

NP077661

Unknown

0.56

D29642

D29642

KIAA0053

0.56

NM_001778

CD48

CD48 antigen (B-cell membrane protein)

0.56

NM_006144

GZMA

Granzyme A (granzyme 1, cytotoxic) T-lymphocyte-associated serine esterase 3)

0.56

NM_002125

HLA-DRB5

MHC class Ⅱ, DR beta 5

0.55

NM_001803

CDW52

CDW52 antigen (CAMPATH-1 antigen)

0.55

NP649772

NP649772

Unknown

0.54

THC1889877

THC1889877

Unknown

0.54

AX721203

AX721203

Sequence 163 from Patent WO0220754

0.54

BC036926

BC0369262

cDNA clone MGC:46491 IMAGE:5225843

0.54

M13975

M13975

Protein kinase C beta-Ⅱ type (PRKCB1)

0.53

AF035024

AF035024

MCE11H myosin-reactive immunoglobulin heavy chain variable region

0.53

NM_033503

BMF

Bcl2 modifying factor (BMF), mRNA

0.53

A_23_P124264

A_23_P124264

Unknown

0.53

U96396

U96396

Anti-streptococcal/anti-myosin immunoglobulin kappa light chain variable region

0.53

A_23_P435390

A_23_P435390

Unknown

0.53

A_23_P9854

A_23_P9854

Unknown

0.52

AF490771

AF490771

MHC class Ⅱ antigen (HLA-DRB1) mRNA, HLA-DRB1*1401 allele

0.52

NM_002121

HLA-DPB1

MHC class Ⅱ, DP beta 1

0.52

L03178

L03178

Cell-type T-cell immunoglobulin gamma chain, V region (IGHV@)

0.52

NM_170744

UNC5B

Unc-5 homolog B (C. elegans)

0.51

S65186

S651862

EMT=T-cell-specific tyrosine kinase

0.51

NM_022555

HLA-DRB3

MHC class Ⅱ, DR beta 3

0.51

NM_001175

ARHGDIB

Rho GDP dissociation inhibitor (GDI) beta

0.51

NM_002118

HLA-DMB

MHC class Ⅱ, DM beta

0.51

NM_002838

PTPRC

Protein tyrosine phosphatase, receptor type, C

0.51

L34102

L34102

MHC class Ⅱ HLA-DQB1*0502

0.51

AB020689

AB020689

KIAA0882 protein

0.51

NM_002341

LTB

Lymphotoxin beta (TNF superfamily, member 3)

0.50

AJ297586

AJ297586

MHC class Ⅱ antigen (HLA-DRB1 gene), DRB1*0402 allele

0.50

NM_033554

HLA-DPA1

MHC class Ⅱ, DP alpha 1

0.50

1

For each clone, the correlation coefficient (CC) between the gene expression level and the morphological fibrosis index (MFI) was determined;
These 4 clones were used to calculate the genetic fibrosis index (GFI).

2

Development of a genetic fibrotic index to quantify the
degree of liver fibrosis
We selected 4 clones, namely PIK3C2B, NM_152270,
BC036926, and S65186, as the optimal marker set using
the supervised learning method, L-SVR analysis. Based
on the expression profiles of only these 4 clones, the GFI
of each sample was then calculated, and the correlation
between the GFI and the MFI was determined (Figure
4A). Our method correctly quantified the degree of liver
fibrosis in the 74 training samples (Figure 4A, r = 0.76, P
< 0.0001). Furthermore, an almost identical quantification
was successfully achieved in the 12 additional independent
test samples (one normal and 11 chronically damaged livers) (Figure 4B, r = 0.75, P < 0.005), supporting the usefulness of our quantifying system for liver fibrosis. Two
representative azan-stained images of test samples with

a good correlation between GFI and MFI are shown in
Figure 4C. In addition, we showed that good correlations
were obtained both in livers positive for HBsAg and those
positive for HCV antibody (Figure 5).

DISCUSSION
To assess the severity of hepatic fibrosis using newer
methods, such as Fibroscan and Fibrotest [7-10] , most
recent studies use the liver biopsy as a reference standard.
However, studies using the Fibrotest have suggested that
most errors are due to the histological staging itself [24],
particularly, the difficulty in distinguishing F2 from F1
or F3 seems to be the main cause of misclassification.
Histological scoring system, such as the METAVIR fibrosis
score, is a categorical assessment and not a numerical
www.wjgnet.com
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morphologic MFI values and the genetic
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measurement along a continuum in a mathematical
sense[25]. In the current study, we therefore used as our
reference the MFI, which is a mean of 9 surgical sectionimages, and subsequently investigated the value of our
cDNA microarray-based strategy for the assessment of
liver fibrosis. Although the MFI correlates well with the
METAVIR scoring system (Figure 2), there was overlap
among the different stages, indicating a limitation of such
a histological staging system. The MFI can represent a
linear score from mild fibrosis to overt cirrhotic livers. It
has been reported that the area of fibrosis determined
by image analysis is a reliable morphological method and
was superior to histological staging, even if only small
pieces of liver biopsy specimens were examined[26,27]. To
the best of our knowledge, this is the first study to use
the area of fibrosis (MFI) of human surgical specimens,
which provide relatively large amounts of liver tissue, as a
reference standard to evaluate new strategies for assessing
hepatic fibrosis.
Using a cDNA microarray containing over 22000 clones,
we analyzed the gene-expression profiles of liver tissue
specimens and correlated them to the MFI values. We
identified 39 differentially regulated genes, including 24
named genes, associated with the degree of liver fibrosis
in 74 liver samples. Both the number of genes and the
number of patients examined in this study were larger than
those of previous reports investigating gene expression
profiles of human livers with fibrosis[11-15]. Many of the
genes we identified are involved in immune responses and
cell signaling, which is consistent with a previous report
investigating HCV-infected livers[14,15]. Among these, genes
encoding MHC class II molecules were correlated most
predominantly to the severity of liver fibrosis. Because
MHC gene products are critical in regulating antiviral
www.wjgnet.com
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Figure 5 Correlation between the morphologic MFI values and the genetic GFI
values in livers infected with hepatitis B virus (HBV) and hepatitis C virus (HCV).

immune reactions against both HBV and HCV, genetic
factors controlling the host’s immune response might
also play an important role in determining the disease
severity in patients with viral hepatitis[28-30]. In addition, we
identified several genes, such as PIK3C2B and ARHGDIB,
which regulate the activation of hepatic stellate cells[31,32],
which might contribute to the molecular pathogenesis of
liver fibrosis.
To examine possible advantages of our method
over the use of blood markers of liver damage, we
calculated the correlation coefficient between the MFI
and 10 clinical parameters of so-called “liver function
tests” (Figure 3) to include some of the large number
of promising serum markers of hepatic fibrosis, e.g.
collagen IV and hyaluronic acid. Prothrombin time
correlated best with the MFI (r = 0.53). The correlation
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Figure 6 Gene-expression correlation between surgical
resection and 22-guage needle liver biopsy specimens
from the same patient. Intensity data were plotted and
the correlation coefficient calculated by the Rosetta
Luminator system v2.0 (A). The GFI values of resected
and biopsy specimens were determined using the same
formula based on the 4 marker clones (B). RS: Resected
specimen.
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coefficient (r = 0.38) between the MFI and the APRI[17]
was inferior to that of the prothrombin time alone. It
may well be that a panel of serum markers may prove
more accurate than any individual marker. We next
developed quantified scores for human liver fibrosis based
on a specific gene-expression signature or index (GFI),
which was validated by a supervised learning analysis.
Our data showed that the GFI in the 74 training samples
correlated with the MFI markedly better (r = 0.76) than
any biochemical or hematological markers examined in
this study. Furthermore, a similar correlation (r = 0.75)
was confirmed in the 12 test samples as well. Therefore,
our current study demonstrates for the first time that a
single test based on gene-expression profiling accurately
quantifies the variable extent of liver fibrosis in a clinical
setting.
Marker genes involved in the pathogenesis of liver
fibrosis might differ depending upon the etiology of the
chronic liver damage. We therefore examined whether a
different correlation with the MFI was observed between
different etiologies (Figure 5). The correlation between
MFI and GFI did not apparently differ markedly between
HBV and HCV infected livers. This is reasonable because
we selected our marker genes that were correlated to the
degree of liver fibrosis regardless of etiology. One might
expect a better performance if we analyzed samples with
a single cause of liver fibrosis. However, we did not obtain
better results even when we examined only livers infected
with HCV (n = 54) using the same statistical method (data
not shown).
Although the MFI may reliably determine the extent of
fibrosis, a distinct advantage of the GFI is the potential for
measuring a fibrosis index using very small liver biopsies.
For example, in preliminary studies there was a very high
correlation (r = 0.98, P < 0.01) between the levels of gene
expression comparing genetic profiles of resected liver

tissue and very small 22-guage liver biopsy specimens from
the same patient (Figure 6A). Regardless of the sample
size, the GFI values were quite reproducible from the
same patient (Figure 6B). We extracted on average 3.4 ±
0.5 g of high quality total RNA using the 23-guage Surecut
needle (TSK Laboratories), while only 0.2 g total RNA is
sufficient for microarray analysis in our system. This will
need to be validated with a larger number of patients,
and might even include sampling more than two liver
areas to reduce sampling error with minimal risk using the
23-guage needle.
Finally, we successfully created a scoring system
to accurately and objectively quantify the degree of
liver fibrosis in humans, based on the gene-expression
signatures. This genome-wide information contributes
to an improved understanding of molecular alterations
during the development of liver cirrhosis, and could
potentially become a powerful tool for monitoring the
stage of liver fibrosis before and after treatment, such as
with interferon/ribavirin therapy. This may be particularly
important given recent exciting evidence on the potential
reversibility of hepatic fibrosis in some patients [33] .
Although our method still relies on invasively obtained
liver tissue, however small, our data does draw attention
to potentially helpful novel diagnostic and therapeutic
targets, some of which may even have serum-measurable
correlates based on future research.
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Abstract
AIM: to determine the effectiveness of yoga on improving the quality of life in patients of chronic pancreatitis.
METHODS: The patients were randomized to two
groups. The control group continued their usual care
as directed by their physicians. Patients in the yoga
group, in addition, received biweekly yoga sessions for
12 wk. The patients’ demographic and health behaviour
variables were assessed before and after the yoga programme using Medical Outcomes Short Form (SF-36) for
quality of life, Profile of Mood States for assessing mood
and Symptoms of Stress Inventory for measuring stress.
RESULTS: A total of 60 patients were enrolled, with 8

drop-outs.Thirty patients were randomized to the yoga
group and 30 to the control group. Significant improvements were seen in overall quality of life, symptoms of
stress, mood changes, alcohol dependence and appetite
after the 12 wk period apart from the general feeling of
well-being and desire to continue with the programme in
future in the yoga group, while there was no difference
in the control group.
CONCLUSION: yoga is effective on improving the quality of life in patients of chronic pancreatitis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The pain that develops in chronic pancreatitis is often
severe, chronic, aggravated by meals and may be present
continuously including at night. In some patients the pain
is so severe that they develop a fear for eating and, as a
consequence, they lose significant amounts of weight. The
pain may begin gradually; however, in many patients over
time they develop into continuous pain. The pain is usually
worse in the back rather than in the front of the abdomen.
The severity of the pain makes many patients into pain
cripples. The worsening of the pain with meals may lead
to avoidance of foods, causing severe weight loss and
malnutrition of the patient.
Treatment of the pain requires familiarity with the
patient’s disease, an understanding of wide variations in
presentation and manifestations of chronic pancreatitis
and knowledge of the different treatment options available,
their advantages and disadvantages. Treatment is best
provided in a centre where experienced physicians from
different specialties provide comprehensive approaches to
the care of the patient and there is coordination of care
between the different specialties.
At our center, we offer a comprehensive approach
to pain from pancreatic diseases with clinical evaluation
by a pain management specialist, pancreatic surgeon,
gastroenterologist and psychologist as indicated. Many
patients may also require treatment in a rehabilitation
program prior to or after the surgery for drug dependency.
The drug dependency develops on narcotic drugs due to
years of over usage prior to a surgical consultation in many
patients. Yoga was introduced as a tool for rehabilitation
programme and to supplement the other pain relief
measures being taken by the patients.
Therapy of chronic pancreatitis rests on five arms:
Avoidance of alcohol, treatment of pain, replacement
therapy for exocrine and endocrine insufficiency and
adequate nutrition. Alcohol withdrawal improves pain and
the patient’s compliance. It also seems to retard the chronic
inflammatory process. Therapy of pain depends on the
pathomechanism of pain. There is a lack of prospective,
controlled studies comparing various treatment regimens.
Thus, treatment options are partly dependent on the
experience of the physician taking care of the patient.
Thanks to improved substitution with acid resistant
porcine pancreatic extracts with high lipase activity,
fat restriction is no longer of paramount importance.
However, supply with sufficient calories is still difficult due
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to pain and inadequate compliance[1].
It was reported that the use of alternative therapies in
the United States increased from 33.8% in 1990 to 42.1%
in 1997[2]. Therapeutic recreation (TR) has traditionally
provided many of approaches in their work with clients.
Typically embedded in the rubric of stress management,
TR professionals teach and provide complementary
a l i m e n t a r y m e d i c i n e ( C A M ) t e ch n i q u e s s u ch a s
aromatherapy, massage, yoga, and tai chi to clients[3]. Yoga
as a clinical intervention has been associated with a variety
of physical and psychological health outcomes such as
improved mood and reduced symptoms of anxiety and
depression[4].
Stress reduction and anxiety management programs
could be useful for any disease because they help to create
a supportive environment, in which the individual may
have reduced anxiety. Caroleo identified several programs
that reduce stress and anxiety among AIDS patients,
including “yoga, massage, acupuncture, acupressure,
chiropractic services, meditation, reiki, physical and
breathing exercises and visualization”[5].
Despite yoga’s wide popularity, there are limited
numbers of randomized, controlled yoga studies using
objective quantitative outcome measures, and these studies
often have small numbers of subjects[6-9].

MATERIALS AND METHODS
A computer-generated random allocation sequence
was prepared. The assignments were placed in serially
numbered, sealed, opaque envelopes. Patients were
randomized after enrolment. The study enroller
screened the patient and, if the patient was qualified,
obtained informed consent and completed the baseline
measurement. Then the next envelope was opened and the
treatment allocation discussed. No assignment was reused
with another patient once the envelope had been opened.
Patients completed their own assessments, and blinding
was not possible.
Both treatment groups continued the standard therapy
as directed by their primary physician during the 12 wk
intervention period. Patients were asked to remain on the
same medications and not to start new ones. A medication
diary was provided to document medications for pain, and
their dosages, frequencies and side effects.
Data collection
Demographic data and patients’ history were obtained
using a checklist and shor t answer questionnaire.
Demographic variables included age, ethnic background,
marital status, education, employment status, and
occupation.
The SF-36 questionnaire was used to assess the
quality of life. SF-36 is a generic health outcome measure
that is designed for use across varied populations [10]. It
is comprised of 36 items across eight scales: physical
functioning, role function-physical, bodily pain, general
health, vitality, social functioning, role function-emotional,
and mental health. Each scale is scored from 0 to 100, with
higher values indicating more favourable health status.
The SF-36 has been used in numerous studies of cancer
www.wjgnet.com
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patients and has evidence of validity in both cancer and
pain patient groups[11,12].
The Profile of Mood States (POMS)[13] is a 65-item
scale, which assesses six affective dimensions. It has been
widely used in the assessment of mood changes resulting
from a variety of interventions due to its responsiveness
and has been used extensively in various populations[14].
The Symptoms of Stress Inventory (SOSI) is designed
to measure physical, psychological, and behavioural
responses to stressful situations. Respondents are instructed
to rate the frequency with which they experience various
stress-related symptoms on a five-point scale, ranging from
“never” to “frequently,” during a designated time frame
selected by the investigator (in this case, the past week).
The SOSI overcomes the limitations of checklist measures,
which assume universally valid weightings of stressful
events based on normative data, by focusing on manifest
symptoms of stress and obviates the need for patients to
identify and rate all relevant stressful events occurring in
their lives. Both predictive and concurrent validities have
been demonstrated, and, in a mixed chronic-illness sample
of patients with malignant melanoma and myocardial
infarction, manifest symptom distress as measured by the
SOSI was directly related to functional alterations due to
disease and inversely related to cognitive adaptation and
perceived quality of life[15].
The yoga program was designed to complement the
management of pain and anxiety based on a sequence
of yoga poses by B.K.S. Iyengar[16]. Iyengar is one of the
world’s foremost exponents of yoga and is recognized by
the medical community in India as an expert in treating
medical problems with yoga. Iyengar has evolved the
therapeutic application of yoga postures. Iyengar’s yoga is
particularly beneficial for people with chronic pain because
he has researched and understood the therapeutic benefits
of the poses [17]. In consultation with a certified yoga
instructor, the psychiatrist, members of the interdisciplinary
team and the literature on lyengar’s sequence of poses, a
yoga program was designed for participants.
The yoga program was implemented, directed and
evaluated by the authors. Yoga sessions were planned for
thrice a week over a 12 wk period. Each session lasted
approximately one hour. The sessions were held in early
morning in an open park. This area provided ample space
for participants to practice yoga without feeling confined.
Prior to the start of the yoga intervention, the authors
consulted with the nurse manager, attending physician
and psychiatrist, and reviewed the medical records to
authenticate the diagnosis of chronic pancreatitis for
each participant. Prior to the start of the yoga program,
each participant was interviewed to determine his or her
willingness to participate in the study and signed informed
consent for involvement in the study.
At this time, each participant was given a brief
definition of yoga and particularly a description of the
sequence of poses that were to be used. Preparation and
guidelines for the yoga classes were reviewed, such as to
come empty stomach, not to eat anything for one hour
before the session, and wearing loose and comfortable
clothing. Finally, participants were told of the duration and
frequency of the yoga program and that if they wish, they
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Table 1 Demographic profile of the participants, (mean ± SD)
Control group

393

Table 2 Comparison of SF-36 score in yoga and control groups,
(mean ± SD)

P

Variable

Yoga group

Age (yr)

50 ± 5.2

50 ± 6.3

0.712

Body mass (kg)

55.4 ± 17.6

56.1 ± 16.4

0.801

Education (yr)

16.0 ± 2.4

15.8 ± 3.2

0.72

Marital status
(% married)

73

74

0.865

Employment
(% employed)

56

57

0.928

could discontinue participation at any time.
As the par ticipants entered the session, initial
evaluation data were collected including the recording of
each participant’s pain levels, weight, average diet, pain
relief medications.
As in many classical yoga classes, the class started
with 15 min of meditation. During the meditation, the
participants were instructed to breathe diaphragmatically.
This breathing technique ‘pranayama’ allowed the
participants to slow down their breathing and at the same
time begin to slow down their body and mind. Further
instructions were given to clear the mind of any unwanted
thoughts and as the thoughts came into their mind, to
allow them to flow freely out. During the meditation,
the participants were instructed to concentrate on their
breathing and follow each breath. After meditation, the
participants completed a 10-min warm-up of various
yoga arm stretches and movements to relax their muscles
and circulate their blood and oxygen throughout their
body. Once warm-ups were completed, each participant
attempted to remain in each pose for 1 to 3 min or as
tolerated. Modifications were necessary for several of the
participants when the poses became too uncomfortable.
At the end of the last pose, the relaxation pose
(Savasana), participants were instructed to slowly awaken
the body by opening their eyes and begin to gently stretch
various parts of the body such as neck, hands, and feet.
Participants then completed a seated cross-leg pose with
their palms together at the heart.
Suitable alterations were made in yoga programme for
the participants finding some difficulty in doing the various
poses (asanas).
Analysis and observations
Out of 30 patients randomised to yog a g roup, 26
completed the full 12 weeks course. They ranged in age
from 41 to 69 years (mean, 50). All participants were
diagnosed with chronic pancreatitis and were taking pain
and anxiety medications. 86% of the patients were males
and 90% of them were alcoholic at some stage of their
life.
Statistical analysis
All data were analysed using the SPSS version 12 statistical
software package. Descriptive statistics (frequencies,
means, standard deviations, and percentages) were used
to characterize the sample. An alpha level for a significant
difference was set at 0.01 because of the number of
variables.

SF-36
subscale

Yoga group
0 wk

12 wk

Control group

P

0 wk

12 wk

0.0001 63.8 ± 0.8

63.6 ± 0.6

P

Physical
functioning

62.9 ± 0.6

74.1 ± 0.5

0.08

General
health

66.8 ± 0.4

74.8 ± 0.3

Rolephysical

57.9 ± 21.4 63.1 ± 19.3 < 0.01 56.3 ± 18.6 54.6 ± 16.7 0.12

Bodily
pain

41.4 ± 14.1 60.4 ± 14.4 < 0.01 45.5 ± 17.4 48.0 ± 15.9 0.05

Vitality

32.1 ± 14.2 45.2 ± 16.3 < 0.01 33.2 ± 13.9 33.0 ± 12.6 0.61

Social
functioning

61.4 ± 22.3 78.4 ± 20.2 < 0.01 63.8 ± 18.1 70.5 ± 15.7 0.22

Roleemotional

47.2 ± 38.8 77.7 ± 30.1 < 0.01 47.8 ± 29.7 48.6 ± 31.1 0.55

Mental
health

41.3 ± 14.3 61.3 ± 13.9 < 0.01 45.9 ± 12.6 46.3 ± 15.9 0.33

0.001 67.7 ± 11.3 69.6 ± 12.4 0.10

Data were analysed using the intention-to-treat
approach. The last-observation-carried-forward procedure
was used for participants who did not complete the trial.
No transformations were required for statistical analyses.
Baseline comparisons between the two groups were made
using independent-sample t-tests for continuous data
and Pearson’s χ2 tests for categorical data. This adjusted
statistical analysis was performed to reduce the impact of
baseline differences on study outcomes (given the relatively
small sample size of the trial). A two-sided P value of <
0.05 indicated statistical significance. No adjustments were
made for multiple comparisons. Data are presented as the
means ± SD with 95% confidence intervals. As a check
for the validity of the parametric test, we also made a
nonparametric analysis for 2 independent groups (Mann
Whitney U) and found the same variables to be significant
as by the t-test. Formal directional hypotheses were not
made a priori. However, we expected to find improvement
in quality of life in participants in the yoga programme.

RESULTS
T h e r e wa s n o s t a t i s t i c a l d i f f e r e n c e b e t we e n t h e
demographic profile of the patients in yoga group and
control group (table 1), indicating that the participants
were properly randomised and matched.
Quality of life scores
The SF-36 results shown in Table 2 revealed a statistically
significant improvement in all components of the scoring
system in the participants of the yoga group, while there
was no marked difference after 12 wk in the control group.
Only scores of those who completed the program (n = 52)
were included because 12 wk scores were not available for
dropouts. Dropouts were eliminated from all subsequent
analyses. The scores before the start of yoga programme in
both groups were comparable, indicating the appropriate
matching of the participants.
Mood scores
POMS change scores for all patients (yoga and control)
www.wjgnet.com
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Table 3 Comparison of POMS score between yoga and control
groups, (mean ± SD)
Variable

Yoga group
0 wk

0 wk

12 wk

11.7 ± 6.5

9.1 ± 5.4a

11.5 ± 4.6

11.7 ± 5.3

Depression

9.7 ± 6.6

5.4 ± 5.8d

9.6 ± 4.7

9.4 ± 6.3

Anger

9.8 ± 5.6

5.9 ± 6.6b

9.6 ± 6.1

9.2 ± 2.6

12.8 ± 3.8

b

Anxiety

Vigour
Fatigue
Confusion

17.1 ± 5.2

12.9 ± 2.6

13.6 ± 6.0

14.1 ± 3.4

b

8.6 ± 3.8

13.9 ± 4.1

14.2 ± 4.3

5.5 ± 4.9

3.2 ± 2.8b

5.7 ± 1.8

5.6 ± 2.3

Variable

DISCUSSION
These results provided evidence that a relatively brief
mindfulness meditation and exercise based stress reduction
programme could effectively improve the quality of
life, mood disturbance and stress related symptoms
in patients with chronic pancreatitis, consistent with
other investigations of similar interventions in different
www.wjgnet.com

Control group

12 wk

0 wk

12 wk

5.3 ± 3.6

3.6 ± 3.3b

5.4 ± 4.1

5.2 ± 3.8

Cardiopulmonary

5.4 ± 5.1

4.2 ± 4.3a

5.7 ± 4.8

5.9 ± 3.4

Central-neurological

2.1 ± 1.8

1.9 ± 1.4

2.2 ± 1.4

1.8 ± 1.7

Gastrointestinal

9.5 ± 4.6

5.3 ± 5.8b

9.1 ± 4.3

8.9 ± 5.4

Muscle tension

11.4 ± 4.9

7.8 ± 3.4a

12.1 ± 4.5

11.7 ± 4.4

Habitual patterns

19.2 ± 6.8

13.8 ± 7.1b

20.1 ± 7.8

19.9 ± 6.6

9.9 ± 4.2

4.9 ± 4.7b

10.2 ± 3.9

9.8 ± 5.2

12.4 ± 2.7

6.5 ± 4.9b

11.7 ± 3.1

11.9 ± 4.2

Emotional irritability

9.7 ± 6.1

6.0 ± 5.4a

9.3 ± 5.8

9.5 ± 4.4

Cognitive
disorganization

7.5 ± 5.9

5.7 ± 7.1a

7.8 ± 6.2

7.9 ± 5.7

92.4 ± 45.7

59.7 ± 47.4

Anxiety/fear

General well being
Interviews were conducted with participants at the end
of the 12-wk yoga intervention to help determine its
effectiveness. Each participant’s thoughts regarding
the yoga intervention were noted and all candidates
claimed some benefits from the yoga prog ramme.
While each individual reported gains as a result of the
yoga inter vention, perhaps the best indicator of its
effectiveness was found in the participant’s request to
continue the program. After the conclusion of the 12-wk
yoga intervention, all participants expressed an interest in
continuing the yoga.

Number 3

Peripheral
manifestations

Depression

P < 0.05; bP < 0.01; dP < 0.001.

Stress scores
SOSI scores for the yoga and control groups before and
after the yoga programme are presented in Table 4. There
were no differences between the two groups before
the start of yoga programme, again indicating that the
groups were initially matched in stress symptoms. There
was a statistically significant decline in stress scores
in the patients of yoga group after 12 wk, while there
was no difference in the scores in control group. Using
independent-samples t test, there was a greater decrease in
yoga group in the subscales of depression, gastrointestinal,
habitual patterns and anxiety scores.

Yoga group
0 wk

a

who completed the study are presented in Table 3. At 12
wk (after the yoga group had completed the program),
POMS scores were significantly higher in the yoga group,
indicating less mood disturbance. When change scores
were calculated and assessed with independent-samples
t tests, the difference between the two groups was even
clearer, with significantly more change in the direction
of reduced mood disturbance in the yoga group. The
treatment program resulted in a 40% reduction in Total
Mood Disturbance as measured by the POMS; while the
reduction in the control group was only 2%.
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Table 4 Comparison of SOSI score between yoga and control
groups, (mean ± SD)

Control group

12 wk

January 21, 2007

Total stress scores

93.6 ± 45.9 92.4 ± 44.8

a

P < 0.05; bP < 0.01 vs control.

populations[18-20]. It is reasonable to conclude that even
greater benefits may be obtained by participants who
continue to practice over time and adopt yoga as part of
their daily life. The current study was a pragmatic one,
intending to study yoga as it is commonly practiced, i.e. as
an adjunctive therapy to the standard therapy. The clinical
question the study sought to answer was: does yoga add
any benefit to patients with chronic pancreatitis in addition
to the standard therapy? Our data indicate that yoga plus
the standard therapy does increase quality of life in these
patients compared with the standard therapy alone, in a
clinically and statistically significant manner. Our protocol
does not require a standardized regimen for the standard
therapy, which makes it possible for baseline differences
between the two treatment groups to occur. In addition,
every patient followed the standard therapy protocol within
defined parameters. The data from this pragmatic study
also more closely resembles the clinical setting in which
yoga is actually used, i.e. an adjunctive therapy to a variety
of standard therapies.
It is commonly held that patients choose to use CAM
because they are dissatisfied with conventional treatments
that are perceived to be ineffective or have unpleasant side
effects, or to be impersonal or too costly[21]. It has, however,
been pointed out that disenchantment with conventional
medicine is not necessarily the reason why patients turn
to CAM[22]. This appears to be supported by a US study
that reported users of alternative health care are no more
dissatisfied with or distrustful of conventional care than
non-users are[23].
In addition, an extensive review of meta-analyses
and recently published studies of mind–body therapies
concluded that there is strong evidence for the efficacy
of mind-body therapies for coronary artery disease,
headaches, insomnia, incontinence, chronic low back pain,
disease and treatment-related symptoms of cancer, and
improving post-surgical outcomes[24].
Most standard therapies for chronic pancreatitis
frequently carry adverse effects, particularly in older
p a t i e n t s, f u r t h e r c o m p r o m i s i n g t h e i r q u a l i t y o f
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life. NSAIDs carr y a 2- to 5-fold increased risk of
gastrointestinal bleeding, which increases with age [25].
NSAID-induced renal, cardiovascular, central nervous
system (CNS) and hematological side effects are also more
common in older individuals. Use of narcotic analgesic
agents results in an increased risk of falls in patients
aged 60 yr and over (odds ratio of 1.54)[26], as does polypharmacy with CNS active medications (odds ratio of
2.37)[27]. Bed rest leads to de-conditioning and osteoporosis,
especially in the elderly, who often are already at risk for
these conditions[28]. The literature has shown yoga to be a
safe treatment. Our study, likewise, documents its safety.
When yoga was added to the standard therapy, patients
tended to take fewer medications.
There has been little research on the mechanisms by
which yoga practice might relieve back pain. Although
Westerners often think of yoga as a form of exercise, the
practice of yoga places as much emphasis on mental focus
as on physical movement [29]. and considers the breath,
which links the mind and the body, as the key to achieving
both physical and psychological benefits[17].
Several large follow-up studies in the past decade
suggest that recurrent acute exacerbations dominate
the clinical picture in the first few years after onset of
symptoms, and progressive pancreatic insufficiency is the
predominant feature in the late stages of the disease[30].
Chronic pain is complex physiologically and there
are many influencing factors on the pain experience. The
approach to treatment therefore needs to be multimodal,
often with a number of different interventions, both
physical and psychological, delivered in parallel. Chronic
pain differs from acute pain in that management follows a
rehabilitative rather than a treatment model, though these
are not mutually exclusive. Full assessment of the patient,
preferably multi-disciplinarily, will improve his or her
outlook. Management should be holistic, rigorous in the
application of conventional therapies (including analgesics
and physical therapy) and ready to admit an improved
understanding of psychological and social techniques[31-33].
Patients appreciate their surgeon’s continued interest
and involvement in their disease and management, and
the surgeon can overcome a sense of abandonment that
may accompany the discharge of a patient who is not fully
healed. Patients who have chronic pain often understand
that their pain will not disappear. That their surgeon will
not disappear can help them to accept and live with their
pain[34,35].
Chronic pain can trigger a cycle of disabilities. Those
who suffer from it often retreat into themselves, becoming
inactive and minimizing contact with other people. This
lack of social interaction often contributes to feelings of
depression and isolation. These individuals traditionally
rely on pain medications to get through the day and then
to sleep, and those medications may cause side effects
including dizziness, nausea, and drowsiness that immobilize
them further. In addition, the severe pain commonly leads
to inactivity that weakens or de-conditions muscles to
make them feel even more infirm. Over time, despair may
set in, and pain may seem even worse. Chronic pain is
pervasive and often limits participation in desired activities.
Because pain is such a complicated problem, managing
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it requires a multidimensional approach. Some patients
seek alternative solutions such as yoga to relieve their pain.
Because yoga is multifaceted physical exercise, breathing,
relaxation and meditation is integrated into one’s being
when it is practiced. Such integration has a strengthening
effect on the whole self, and fortifies resistance to pain.
Yoga offers a very distinct approach to pain. It brings
awareness to the body, especially to the parts that are
in pain. Yoga helps individuals become more accepting
of their body and less judgmental and reactive to pain.
With time, an individual with pain will know what makes
them feel worse and how to coax their body into balance.
Additionally, as individuals practice various yoga poses,
their attention is gently directed to other parts of the body
at any given moment. In other words, attention is diverted
from pain areas and focused on yoga poses. Finally, the
poses themselves can ease pain. They can increase muscle
strength and flexibility, improve circulation in the joints
and muscles, and stimulate the brain to produce painkilling
chemicals.
Studies indicate that yoga was beneficial in reducing
anxiety and depression in older adults who attended a
geriatric clinic and presented with a wide range of affective
symptoms related to anxiety and depression[36].
Yoga lowers heart rate, promotes deeper breathing,
and induces brain wave patterns that are associated with
relaxation and optimism. These effects are much like those
of meditation, and it is appropriate to think of yoga as
a kind of meditation to the body. A study of 22 medical
patients with a defined anxiety disorder showed clinical
and statistically significant improvements in objective
symptoms of anxiety and panic following an eight-week
outpatient physician-referred group stress reduction
intervention based on mindfulness meditation and yoga
stretches[37].
Regular practice of the classical yoga postures can
be quite helpful in producing a healthy immune system
and proper environment for its functioning. Many of the
Iyengar yoga poses are extremely effective in producing
the “relaxation response” and in counteracting the negative
effects of the “stress response” on the immune system[38].
These poses are useful for calming and nurturing and are
especially valuable when one is too sick or too weak to
perform the more vigorous, classical poses[39].
Yoga helps lower stress hormones that compromise
the immune system, while also conditioning the lungs
and respiratory tract, stimulating the lymphatic system to
oust toxins from the body, and bringing oxygenated blood
to various organs to ensure their optimal function. The
practice of specific asanas can help balance the immune
system and help support the thymus and blood to the
sinus.
This brief review of the literature provides preliminary
support for considering yoga as a CAM intervention
in patients who are experiencing pain and anxiety. The
literature, while limited, indicates that yoga has been
shown to be effective in minimizing pain and anxiety in
some populations, specifically the elderly and individuals
with behavioural health diagnoses, and that it is effective
in minimizing stress in cancer patients. The literature also
indicates that pain and anxiety are frequent and distressing
www.wjgnet.com
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co-occurring disorders in patients of chronic pancreatitis
that significantly detract from their health and well-being.
Based on this review, yoga may be a beneficial intervention
for managing patients with chronic pancreatitis.
Future yoga intervention studies will be needed to
carefully control for the class aspect that may be beneficial
to everyone, especially seniors. There is also likely some
placebo effect related to the yoga intervention. One
group has already shown that psychological benefits of an
aerobic exercise intervention in a group of healthy young
adults could be increased simply by telling subjects that
the exercise program was specifically designed to improve
psychological well being[40].
Further studies should be emphasized to examine
the long-term effects of yoga in terms of management
for patients of chronic pancreatitis. In our study, the
participants self-reported a decrease in pain and anxiety
frequently after each yoga session; however, this study did
not examine how long these reductions were maintained.
Besides, we did not compare the biochemical data of the
patients before and after the yoga programme, which can
be researched in future studies. While findings from the
current study provide preliminary results, indicating that
yoga can be used as an intervention to reduce stress and
anxiety in patients of chronic pancreatitis, proper training
and knowledge of the principles that guide the practice of
yoga must be thoroughly understood and demonstrated
by any recreation therapist who would like to use this
intervention with clients.
As the use of CAM techniques continues to become
more common in many health care facilities, it will only
benefit recreation therapists to take advantage of a
modality such as yoga to assist in the self-management of
illness and disease. Nonetheless, there is room for more
education of patients and professionals, and for more
research in order to establish the effectiveness of the wide
range of management options available.
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Abstract
AIM: To evaluate the role of leptin levels in the differential
diagnosis of ascites.
METHODS: Ascitic leptin, TNFα and serum leptin levels
were measured in 77 patients with ascites (35 with
malignancies, 30 cirrhosis and 12 tuberculosis). Control
serum samples were obtained from 20 healthy subjects.
Leptin and TNFα levels were measured by ELISA. Body
mass index (BMI) and percentage of body fat (BFM) by
skin fold measurement were calculated for all patients
and control groups. Peritoneal biopsy, ascites cytology
and cultures or biochemical values were used for the
diagnosis of patients.
RESULTS: In patients with malignancies, the mean
serum and ascites leptin levels and their ratios were
significantly decreased compared to the other patient
groups and controls. In tuberculosis peritonitis, ascitic
fluid TNFα levels were significantly higher than malignant
ascites and cirrhotic sterile ascites. BMI and BFM values
did not distinguish between patients and controls.
CONCLUSION: In patients with malignant ascites,
levels of leptin and TNFα were significantly lower than in
patients with tuberculous ascites.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Leptin, a product of the obese gene, is a multifunctional
hormone secreted predominantly by adipocytes. It was
discovered in 1994 by Friedman et al[1]. The importance of
leptin in the regulation of energy balance, food intake and
body composition through a central feedback mechanism
has been demonstrated in both animal and human
studies[2-5]. In humans, circulating leptin levels exhibit a
particularly strong positive correlation with the body fat
mass (BFM), body mass index (BMI) and sex. Serum
leptin concentration is higher in obese than in lean subjects
and in females than in males[6]. On the other hand, leptin
serum levels can be altered in various diseases[7].
Liver cirrhosis is associated with hypercatabolism and
malnutrition that leads to increased energy expenditure[8].
Previous studies have shown that circulating leptin
levels are modestly elevated in patients with alcoholic
and posthepatic cirrhosis [9-12]. Another study reported
that the ascitic fluid leptin levels of cirrhotic patients
with sterile ascites are on average two times higher than
circulating levels of this hormone[13]. Serum leptin levels
have been reported to be reduced in cancer patients[14,15].
Abramov et al[16] found low leptin levels in serum, pleural,
peritoneal fluids and in Meigs’ syndrome as well. In the
literature, there is no study about leptin levels in malignant
ascites. In patients with active pulmonary tuberculosis,
a previous study found increased leptin concentrations
and a correlation with increased concentrations of tumor
necrosis factor than control groups. After antituberculosis
therapy, leptin levels of these patients were elevated, but
this increase was not statistically significant[17]. However,
in a recent study in patients with active pulmonary
tuberculosis, leptin levels were determined to be decreased.
Reduced body fat content secondary to anorexia and
cachexia during the active disease period was claimed as
a reason for this[18]. To our knowledge, there is no study
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about this subject in either ascites or serum of patients
with tuberculosis peritonitis.
There are problems in the differential diagnosis of
ascites. Especially diagnosis of exudative ascites (including
lymphoma, various for ms of peritonitis, peritoneal
carcinomatosis, and peritoneal tuberculosis) is a dilemma.
Non-invasive tests such as laboratory tests, acid-fast stain
and culture of the ascitic fluid, ADA levels are usually
insufficient for the differential diagnosis of ascites[19,20].
Therefore laparoscopy with directed biopsy is necessary
for the diagnosis of ascites. In the light of these findings
of our prospective study, leptin may be accepted as a new
criterion for the differential diagnosis of malignant and
benign ascites.

MATERIALS AND METHODS
Materials
The study population consisted of 77 patients with ascites
and 20 healthy people who were recruited from the
Department of Gastroenterology, Gaziantep University
Hospital, Gaziantep, Turkey. The patients were divided
into three groups. Group Ⅰ consisted of 35 patients
with various types of malignant diseases (seven ovarian
adenocarcinoma, ten adenocarcinoma of the colon, five
lymphoma, seven pancreatic adenocarcinoma, six gastric
adenocarcinoma). Mean age was 56.2 ± 17.4 years (20 men
and 15 women). Group Ⅱ included 30 cirrhotic patients
(mean age 55.05 ± 13.26 years, 15 men and 15 women).
The diagnosis of cirrhosis was based on the typical
findings of hepatic cirrhotic appearance, splenomegaly,
esophageal varices and ascites (by ultrasonography and
upper gastrointestinal endoscopical examinations), with
biochemical data. Etiology of cirrhosis was hepatitis
C virus in fifteen patients, hepatitis B virus in thirteen
patients and cryptogenic in two patients. The severity
of cirrhosis was graded according to the Child-Pugh
classification[21]. All of the patients were Child C. Group
Ⅲ consisted of 12 patients with tuberculous peritonitis
(these patients were diagnosed with laparoscopic peritoneal
biopsy, mean age 51.9 ± 15.3 years, 5 men and 7 women).
The control groups included 20 healthy volunteers (mean
age 52.9 ± 13.3 years, 10 men and 10 women). Exclusion
criteria were diabetes mellitus, existence of pleural
effusion, gastrointestinal bleeding, spontaneous bacterial
peritonitis and renal failure, treatment with corticosteroids,
immunosuppressive agents and oral contraceptive
agents within the last 6 mo. Control group consisted of
healthy individuals with normal medical history, physical
examination and blood biochemistry. None of them have
had a restriction of diet for loosing weight during the
last three months. The local ethics committee approved
the study and written consents were received from all
participants.
Methods
Blood samples were obtained in the early morning after
an overnight fasting (12 h). The blood was centrifuged at
3000 rpm for 20 min at 4℃ and serums were was stored at
-80℃ until analysis of leptin concentrations. Biochemical
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analyses were done during the same day. After paracentesis
of peritoneal fluid, ascitic fluid was collected under sterile
conditions and seeded in both aerobic and anaerobic
cultures. It was immediately centrifuged at 3000 rpm for
20 min at 4℃ and stored at -80℃ in tubes for assessment
of leptin levels. Ascitic fluid was also obtained for routine
biochemical analysis, cytologic exam and white blood cell
counts.
Body composition such as BMI, skin fold thickness,
body fat percentage (BFP), and BFM analysis was
performed in patients and controls. BMI was defined for
study populations as weight divided by height squared
(kg/m 2 ). Skinfold thickness was measured at four
different sites on the left side of the body (triceps, biceps,
subscapular and supra-iliac) using a Holtain skinfold
caliper. Percent body fat (%BF) was calculated using the
Jacksons’ formula[22], BFM was calculated using BFP and
body weight as in kilograms, and triceps skinfold thickness
less than a 10th of a percentile[23] was excluded. Serum and
ascitic fluid leptin and serum TNFα levels were measured
by a commercially available ELISA kit (Quantikine Human
Leptin Immunoassay; RD Systems). The lower limit of
detection was 0.05 μg/L. The intra-assay and interassay
coefficients of variation was below 12%.
Statistical analysis
Results were given as mean ± SE. Comparisons between
and among the groups were made using a non-parametric
test (Mann-Whitney U test) and one way ANOVA
variant analyses. Statistical analysis for the comparison
of serum and ascitic fluid analyses was carried out by
means of Wilcoxon matched pairs signed rank test.
The correlation among numerical data was analyzed by
the Pearson correlation coefficient (r). Spearman’s rank
correlation test was used for estimation of the level of the
association between two variables. Data were statistically
evaluated using the SPSS v10.0 (Statistical Program for
Social Science, version 10.0, Chicago, IL, USA) software
packages. P < 0.05 was taken as significant.

RESULTS
Patients’ demographic data
The demographic, anthropometrical characteristics of all
patients and control groups are showed in Table 1. There
were no statistically significant differences between three
patients groups and the controls regarding BMI, BFP and
BFM (P > 0.05).
Serum and ascitic fluid leptin and TNFα levels
The main biochemical analyses, leptin, and TNFα levels of
the ascitic fluid of the patients and serum leptin levels are
shown in Table 2. None of the patients had spontaneous
bacterial peritonitis. Serum concentrations of leptin were
significantly elevated in tuberculosis and cirrhotic patients
compared with serum levels in control and malignant
patients groups (P = 0.0001). There were no statistically
significant differences in serum leptin levels between
cirrhosis and tuberculosis patient groups (P > 0.05). In
addition serum leptin levels of malignant patients were
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Table 1 Demographic and anthropometrical characteristics of
all subjects
Characteristic

Mean age ± SD BMI
2
(yr)
(kg/m )

BFP
(%)

  BFM
(kg)

Cirrhotic patients (n = 30)
Male (n = 15)
Female (n = 15)
Malignant ascites (n = 35)
Male (n = 20)
Female (n = 15)
Tuberculous
peritonitis (n = 12)
Male (n = 5)
Female (n = 7)
Control (n = 20)
Male (n = 10)
Female (n = 10)

55.05 ± 13.26
57.2 ± 12.3
53.3 ± 13.05
56.2 ± 17.4
58.2 ± 15.3
54.1 ± 14.2
51.9 ± 15.3

22.1
21.5
22.6
22.4
22.1
22.8
22.6

26.4
23.8
28.8
26.8
24.2
29.4
26.9

17.3
16.6
17.9
17.4
17.1
17.9
17.6

53.8 ± 13.2
50.1 ± 12.4
52.9 ± 13.3
54.6 ± 11.8
51.6 ± 10.9

22.2
23
22.7
22.5
22.9

24.6
29.4
27
24.8
29.2

17.2
18.1
17.7
17.3
18.2

significantly lower than control groups (P < 0.001, Table 2).
On the other hand, the levels of leptin in ascitic fluid
were significantly higher in tuberculosis and cirrhotic
patients than in patients with malignant effusions (P <
0.001). In cirrhotic patients, ascitic fluid levels of leptin
were higher than in patients with tuberculosis peritonitis,
but the difference was not statistically statistically significant
(P > 0.05, Table 2). Leptin levels were significantly higher
in ascitic fluid than in serum (P < 0.01 Wilcoxon test),
with a mean ascites/serum ratio of approximately 2.0 in
all patient groups (Table 2). Serum and ascitic fluid leptin
levels showed significant positive correlation in all patient
groups (Malignant group: r = 0.979, P = 0.0001; Cirrhotic
group: r = 0.999, P = 0.0001; Tuberculosis group: r = 0.995,
P = 0.0001).
Ascites TNFα levels were significantly increased in
patients with tuberculosis peritonitis, when compared to
the other patient groups. Ascites TNFα levels were not
statistically significant between cirrhosis and malignant
ascites groups (P < 0.001, Table 2). We observed that
ascitic fluid TNF α levels were significantly positively
correlated with ascitic leptin levels in the tuberculosis
peritonitis group (r = 0.979, P = 0.0001). However, this
correlation was not observed in the other patient groups.

DISCUSSION
Recently, several studies have suggested that serum levels
of leptin are significantly elevated in patients with chronic
liver disease. The relation between serum levels of leptin,
TNFα, and associated liver fibrosis have been investigated
in patients with chronic hepatitis C by Piche et al[24]. Serum
fasting levels of leptin were significantly more elevated
than the control group and a significant correlation
has been demonstrated between serum levels of leptin,
TNFα and severity of liver fibrosis in those patients[24].
Several studies found higher leptin levels among female
alcoholic cirrhotic patients than the control group[10,11] and
Henriksen et al[11] suggested that the elevated circulating
leptin in patients with alcoholic cirrhosis was most likely
caused by a combination of decreased renal extraction
and increased release from fat tissue areas. However, in an
www.wjgnet.com
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Table 2 Ascitic leptin, TNFα and serum leptin levels in study
population (mean ± SD)
Control
subjects

Cirrhotic
patients

Leptin (ascites)
7.19 ± 3.43
(μg/L)
Leptin (serum)
2.93 ± 0.32 3.77 ± 2.04
(μg/L)
TNFα (ascites)
30.36 ± 6.37
(ng/L)
Total proteins
15.4 ± 6.3
(ascites) (g/L)
Albumin (ascites)
7.1 ± 4.0
(g/L)
LDH (ascites)
142.97 ± 93.99
(U/L)
Glucose (ascites)
1253.6 ± 348.1
(mg/L)
Total leukocyte
0.43 ± 0.46
(ascites) ( × 106/L)
Neutrophils
0.22 ± 0.31
(ascites) ( × 106/L)
Lymphocytes
0.12 ± 0.01
(ascites) ( × 106/L)

Malignant
ascites

Tuberculous
peritonitis

2.45 ± 1.25

5.59 ± 1.08

1.30 ± 0.63

3.72 ± 0.64

29.65 ± 7.08

65.5 ± 18.4

26.1 ± 11.5

28.2 ± 21.9

14.3 ± 7.2

13 ± 11.6

546.5 ± 473.8 351.40 ± 378.82
1057.2 ± 443.8

1176 ± 482.3

976 ± 608.4

1.16 ± 1.17

668.19 ± 416.3

0.44 ± 0.63

223.34 ± 102.3

0.75 ± 0.32

animal study with chronic ethanol consumption rats, it has
been shown that serum concentrations of tumor necrosis
factor were increased and leptin was induced in the liver
and peripheral adipose tissues by TNFα[25]. In addition,
experimental and animal studies have shown that TNFα
is one of the major leptin producer and regulators in
anorexia and inflammation[26-28]. It has also been suggested
that leptin mediates anorexia in chronic inflammatory
states [29]. Anorexia and increased energy expenditure
usually accompanies cirrhosis [30]. In previous studies,
association between the severity of posthepatitis cirrhosis
and serum leptin levels is controversial[12,30,31]. In cirrhotic
patients, a significant negative correlation was found
between serum levels of leptin and Child-Pugh score[31].
On the contrary, a significant elevation in leptin levels was
observed as the Child-Pugh score worsened independently
of gender and BMI in cirrhotic patients. Anorexia and
hypermetabolism in cirrhosis are held responsible for
this[12]. In our study, we also observed that circulating leptin
levels were increased in the non-alcoholic cirrhosis group
caused by viral hepatitis and not in the control group.
Previous studies have demonstrated that TNFα levels
are elevated in the ascitic fluid of cirrhotic patients with
spontaneous bacterial peritonitis[32]. Nevertheless Giannini
et al [13] found that serum and ascitic TNF α levels are
significantly elevated but serum and ascites TNFα levels
were not correlated and the ascitic fluid leptin levels were
either twice as high as serum levels or positively correlated
in cirrhotic patients with sterile ascites. High leptin levels
in ascites were explained as a result of TNFα stimulation
and production of intra-abdominal leptin. The results of
our study support the hypothesis of Giannini et al[13]. In
30 patients with active pulmonary tuberculosis in Turkey,
a recent study found increased leptin concentrations and
a correlation with TNFα[17]. Similar results were reported
in another study from Turkey involving 25 patients with
tuberculosis [33]. After antituberculosis therapy in two
studies, leptin levels were more elevated. One study from
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Indonesia found lower leptin concentrations in 60 HIVnegative patients with active tuberculosis compared to
30 healthy control[18]. In another study performed in with
patients with tuberculous pleural effusions, it has been
demonstrated that serum and pleural fluid levels of tumor
necrosis factor were significantly elevated compared
with transudative pleural effusion [34]. For the time, no
study dealing with leptin concentrations in tuberculosis
peritonitis has been reported in the literature to our
knowledge. In this study, we found that ascitic fluid
TNFα levels in tuberculosis peritonitis are significantly
elevated when compared to the other patients groups,
serum and ascitic leptin levels were significantly higher
than in malignant patients. In addition, we observed that
ascitic fluid TNF α levels were significantly positively
correlated with ascitic leptin levels in the tuberculosis
peritonitis group. Our findings support that in tuberculosis
peritonitis, TNFα may be a major stimulating factor of
leptin secretion.
Low ser um leptin levels have been obser ved in
patients with malignancy [14,15]. It has been shown that
serum leptin levels of prostate cancer are lower than
benign prostatic hyperplasia [14]. On the other hand, it
has recently been demonstrated that in patients with
pre-menopausal carcinoma in situ of the breast cancer,
serum leptin levels were decreased compared with the
control group[15]. In a case report, while levels of leptin
in the serum, peritoneal and pleural fluids were lower in
patient Meigs’ syndrome, serum levels were increased
following surgical therapy of the tumor along with the
resolution of ascites and pleural fluids. Abramov and
coworkers suggested that mediators of the tumoral tissue
inhibit leptin secretion and excision of the tumoral tissue
increased leptin levels[16]. In patients with malignant pleural
effusions, levels of TNFα were significantly lower than in
patients with tuberculous effusions[34]. In a recent study,
we investigated the importance of ascitic fluid LDH level
and LDH isoenzyme activities in patients with malignant
and nonmalignant ascites. LDH level, LDH-4 activity and
LDH-5 activity were found to be significantly higher, and
LDH-1 activity was found to be lower in malignant ascites
when compared with nonmalignant ascites. We conclude
that ascitic LDH and its isoenzyme pattern may be helpful
for the differential diagnosis of ascites[35].
According to our knowledge, there is no study about
leptin levels in malignant ascites in the literature. In the
present study, we observed that ascitic fluid TNFα levels,
serum and ascitic fluid leptin levels of malignant patients
are significantly lower than tuberculosis patients. Is the
reason for low leptin levels that some mediators released
by the tumor which inhibit leptin secretion? Or does
decreased body fat, secondary to malnutrition and cachexia
caused by tumor, results in decreased levels of leptin?
More studies are necessary to explain these. In summary,
our study has demonstrated that serum and ascitic fluid
leptin levels of malignant patients are significantly lower
than tuberculosis peritonitis and cirrhotic patients with
sterile ascites. These findings suggest that leptin may be an
important marker in the malignant ascitic fluid. Especially,
leptin as a tumour marker may be useful in differential
diagnosis of benign and malignant ascites.
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Abstract
AIM: To evaluate the effect of age and acoustic stress
on gastric myoelectrical activity (GMA) and autonomic
nervous system function.
METHODS: Twenty-one male subjects (age range 22-71
years, mean 44 years) were recruited and exposed, in
random order, to three auditory stimuli (Hospital noise,
conversation babble and traffic noise) after a 20-min
baseline. All periods lasted 20 min and were interspersed
with a 10 min of recovery. GMA was obtained using a
Synectics Microdigitrapper. Autonomic nerve function was
assessed by monitoring blood pressure and heart rate
using an automatic recording device.
RESULTS: Dominant power tended to decrease with
increase of age (P < 0.05). The overall percentage of
three cycle per minute (CPM) activity decreased during
exposure to hospital noise (12.0%, P < 0.05), traffic
noise (13.9%, P < 0.05), and conversation babble
(7.1%). The subjects in the younger group (< 50 years)
showed a consistent reduction in the percentage of 3
CPM activity during hospital noise (22.9%, P < 0.05),
traffic noise (19.0%, P < 0.05), and conversation babble
(15.5%). These observations were accompanied by a
significant increase in bradygastria: hospital noise (P
< 0.05) and traffic noise (P < 0.05). In contrast, the
subjects over 50 years of age did not exhibit a significant
decrease in 3 CPM activity. Regardless of age, noise did
not alter blood pressure or heart rate.
CONCLUSION: GMA changes with age. Loud noise can
alter GMA, especially in younger individuals. Our data
indicate that even short-term exposure to noise may
alter the contractility of the stomach.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Excessive noise has been linked to a variety of health
issues, including hearing loss [1] mental illness [2,3], sleep
disturbance [4] , hyper tension [5,6] and cardiovascular
diseases[7-9]. In terms of gastrointestinal tract, non-specific
abdominal complaints[10,11], gastritis and peptic ulcers[12,13]
have been noted in populations, including workers, that
are exposed to high levels of environmental noise. Despite
this relationship with gastric disorders, little is known
regarding the effects of loud sounds on gastrointestinal
function. On theoretical grounds, however, an interaction
between noise and gastrointestinal function would seem
likely given the abundant neural connections between the
human auditory system, the autonomic nervous system
and the gastrointestinal tract[1]. To the extent that noise has
an influence on the autonomic nervous system, an effect
on many digestive functions, including peristalsis and acid
secretion, would be expected. In this respect, Tomei et al[13]
observed that noise increased gastric acid production in
humans with normal baseline levels of gastric acid, and
Gue et al[14] have shown that noises slows the emptying of
food from canine stomach.
The motility of the stomach is controlled by gastric
myoelectrical activity (GMA) that results in contractions
of its muscular component. GMA is measured and
recorded using surface electrodes. The information so
obtained is termed an electrogastrogram (EGG). The
EGG is obtained using standard EKG electrodes placed
on the skin of the upper abdominal wall. These signals
are amplified and filtered prior to computer analysis.
The validity of such cutaneous measurements has been
validated by simultaneously obtaining direct measurements
form the wall of the stomach[15,16]. In humans, the normal
GMA is an approximately 3 cycles per minute (CPM)
sinusoidal wave, and these waves may result in gastric
contractions at a similar frequency. Additionally, under
normal conditions, most of the voltage (termed “power”)
measured during EGG is concentrated around the 3 CPM
activity.
www.wjgnet.com
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From a clinical standpoint, EGG recordings have been
employed to investigate patients with dyspepsia whose
complaints cannot be defined by routine tests, such as
barium X-rays and endoscopy. In this respect, a dominant
frequency of GMA greater or less than 3 CPM or a shift
in the relative distribution of power away from 3 CPM
activity are associated with abnormalities of gastric motor
activity[17]. These alterations are thought to be the basis
of many stomach complaints collectively referred to as
“indigestion” or “dyspepsia”.
In light of above observations, the hypothesis evolved
that loud noise might alter the EGG, perhaps by a
mechanism involving the autonomic nervous system. To
test this possibility, we exposed healthy volunteers to a
variety of noises while recording the myoelectrical activity
of their stomachs and monitoring their blood pressure
and heart rate. A secondary hypothesis of this study was
that advancing age would attenuate the effects of noise
inasmuch as the reactivity of the autonomic nervous
system declines with age.
Under the conditions employed in our study, we found
that noise was capable of decreasing the percentage
of normal 3 CPM activity and these changes were less
pronounced in older individuals.

MATERIALS AND METHODS
Subjects
This investigation was approved by the Human Studies
Subcommittee (IRB) of the James J. Peters VA Medical
Center and informed consent was obtained prior to
initiating the studies herein described. A screening hearing
test was performed several days prior to the study which
assessed the ability to identify sounds at a volume equal or
less that 25 dB hearing level at 500, 1000, and 2000 Hz in
the both ears and a sound at a volume equal to or less than
45 dB at 4000 Hz in the both ears. If the subjects could
not correctly identify each sound, they were excluded
from the study and were referred for further workup to
the audiology service. All subjects were considered healthy
and had no underlying medical problems. Volunteers were
excluded from the study if detailed questioning revealed
a previous history of chronic gastrointestinal discomforts
including heartburn, abdominal pain, constipation or
diarrhea. In addition, entry into the study required a
normal baseline EGG with a dominant frequency between
2.4-3.7 CPM. Of the 26 screened candidates, 21 male
subjects (age range 22-71 years, mean 44 years) met the
criteria for inclusion into the study.
Experimental protocol
All subjects were requested not to eat or drink within 4
h prior to the start of the study. They were seated in a
special sound room in a reclining chair and instructed
not to move or talk for the remainder of the study. The
sound room was double walled and approximately thirtyfive square feet in area. The ambient noise levels were well
within the standards of the American National Standards
Institute. The subjects were observed through a one-way
viewing window so as to discourage any movement during
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the study. The subjects were fitted with both an automatic
blood pressure recording device and three electrodes that
measured GMA.
The duration of the study was 110 min. During this
period, the subjects wore stereophonic headphones
continuously and were exposed in a random pattern to
three periods of different types of auditory stimuli. A
twenty-minute baseline period of silence preceded the
auditory stimuli. Each stimulus lasted 20 min and was
interspersed with a 10 min of silence as a recovery period
to minimize potential carry-over effect from previous
period. The 10-min recovery time was assumed to be
adequate as our preliminary study had shown the effect
of noise on GMA did not go beyond this period of time.
The three auditory stimuli were as follows: (1) unedited
hospital noise recorded during the afternoon of a weekday
in the Intensive Care Unit of the James J. Peters Veterans
Affairs Medical Center and played back at a level of 87.4
dBA (SPL), a level comparable to that of actual ambient
level meter; (2) conversation babble (Auditec, St. Louis,
MO) played back at a sound level of 91.3 dBA (SPL); and (3)
traffic noise in New York City played back at a sound level
of 85.6 dBA. All sound pressure levels were measured with
a Lason-Davis 800 B precision sound level meter.
Since GMA may change with age, and many responses
to auditory stimuli are believed to decline with age, we
further divided subjects into two groups, those under
50 years of age (age range 22-47 years, mean 34 years, n
= 12), and those over 50 years of age (age range 51-71
years, mean 56 years, n = 9). The baseline characteristics
of GMA of these two age groups were compared and
the effect of noise on these two particular age groups was
analyzed.
Electrogastrogram
Gastric myoelectrical activity was recorded using a
Microdigitrapper (Medtronic-Synectics, Shoreview,
Minnesota). Three surface electrodes were placed on the
anterior wall of the abdomen. The first electrode was
placed midway between the xiphoid and the umbilicus.
The second electrode was placed 5 cm to the right of
the first electrode. The third electrode was placed five
centimeters to the left and thirty degrees above the first
electrode. Excess hair was shaved from the immediate
area, the skin was gently abraded with an alcohol swab, and
conducting gel was applied. All recordings were made at a
sampling frequency of 4 Hz, with a cutoff frequency of
15 Hz. The recorded data were uploaded into a computer,
transformed (fast-Fourier) and analyzed using a dedicated
software (Multigram Version 6.31, Medtronic’s-Synectics,
Shoreview, Minnesota). Visual inspection of the raw
data was performed to detect motion artifacts prior to
analysis. Several quantitative parameters were derived
including the percentage of 3 CPM activity (defined as
normal myoelectrical activity in the range of 2.4-3.7 CPM),
bradygastria (< 2.4 CPM) and tachygastria (> 3.7 CPM),
dominant frequency (DF) and dominant power (DP). DF
refers to the frequency at which the EGG power spectrum
has a peak power in the range of 0.5-9.0 CPM, which
equals to the frequency of the gastric slow wave measured
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Table 1 Characteristics of baseline gastric myoelectrical activity
over age
Dominant
frequency

Dominant
power

3 CPM
activity (%)

Age < 50 yr (n = 12)

3.0 ± 0.1

401.4 ± 103.8

87.9 ± 5.1

Age > 50 yr (n = 9)

3.1 ± 0.3

115.1 ± 45.7

77.7 ± 7.6

P value

P = 0.724

P < 0.05

P = 0.259

from the implanted serosal electrodes[15,16]. The power at
the DF in the power spectrum of the EGG was defined as
the DP. The relative change of the EGG dominant power
may reflect gastric contractility[16,18].
Blood pressure and heart rate monitoring
An automatic blood pressure recording device was applied
via an arm cuff placed around the upper arm of each
participant. Recordings were made automatically every 5
min during the whole course of study. Systolic pressure,
diastolic pressure and heart rate were analyzed to see
whether noise affected autonomic nerve activity.
Statistical analysis
Data were presented either as percent change relative to
baseline (percentage of 3 CPM activity, bradygastria and
tachygastria) or means ± SE (DF and DP). Student’s t
test or one way RM ANOVA was used for comparison
wherever appropriate. A P value less than 0.05 was
considered statistically significant.

RESULTS
Effect of age on GMA
We subjectively divided participants into two age groups,
using age 50 as a cutoff line. Percentage of 3 CPM activity,
DF and DP were derived from the twenty-minute baseline
period and comparisons were made between these two age
groups. Detailed data are presented in Table 1. In brief,
though no significant difference was observed in DF and
percentage of 3 CPM activity during the baseline, younger
people tended to have obviously higher dominant power
(401.4 ± 03.8) than those above age 50 (115.1 ± 45.7, P < 0.05).
Effect of noise on percentage of 3 CPM activity
During exposure to hospital noise and traffic noise, the
percentage of 3 CPM activity (range 2.4-3.7 CPM) was
decreased by 12.0% (P < 0.05) and 13.9% (P < 0.05),
respectively, in our overall population (n = 21). Reduction
in percentage of 3 CPM activity was also observed during
exposure to conversation babble (7.1%), but was not
statistically significant.
In the younger g roup (n = 12; age range 22-47
years, mean 34 years), the percentage of 3 CPM activity
decreased to a greater degree during exposure to hospital
noise (22.9%, P < 0.05) and traffic noise (19.0%, P <
0.05). A non-significant decrease was also seen during
conversation noise (15.5%). In the older group (n = 9; age
range 51-71 years, mean 56 years) showed no such a trend.
In fact, during exposure to hospital noise and conversation
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Table 2 Effect of various types of noise on blood pressure and
heart rate
Baseline
Systolic

ICU

Babble

Traffic

122.2 ± 11.3 122.1 ± 19.3 119.3 ± 13.2 122.2 ± 12.6

Age < 50 yr Diastolic

78.1 ± 11.5

76.1 ± 14.8

74.3 ± 12.9

79.2 ± 12.6

(n = 12)

73.6 ± 9.5

75.6 ± 10.2

76.4 ± 14.8

75.5 ± 9.8

Pulse
Systolic

132.9 ± 18.8 136.5 ± 15.6 135.1 ± 19.3 136.0 ± 14.8

Age > 50 yr Diastolic

85.4 ± 11.4

85.7 ± 11.3

86.3 ± 13.1

83.6 ± 12.3

(n = 9)

70.7 ± 16.5

75.4 ± 14.8

72.9 ± 15.1

71.7 ± 15.0

Pulse

No significant change was observed in these parameters during exposure to
auditory stimuli.

babble, their percent activity of 3 CPM actually increased
by 2.5% and 4%, respectively. During exposure to traffic
noise, the percent activity of 3 CPM fell in this group by 7.1%.
Decreases in 3 CPM activity were accompanied mainly
by rises in bradygastria activity. In the younger group,
bradygastria activity rose during hospital and traffic noise
by 16.3% (P < 0.05) and 13.4% (P < 0.05), respectively.
Effect of noise on dominant frequency and dominant
power
Trends toward a decrease in DF (Figure 1) and an elevation
in DP (Figure 2) were consistently observed in the both
age groups (> 50 years and < 50 years), but none of them
reached statistical significance.
Effect of noise on autonomic nerve activity
No effect of noise was seen either on diastolic, systolic
pressure or on heart rate (Table 2). For the total population in the study, systolic pressure changed by 1.6 mmHg,
-0.5 mmHg, and 1.4 mmHg for hospital, conversation,
and traffic noise, respectively. Diastolic pressure changed
by -0.9 mmHg, -1.6 mmHg, and -0.2 mmHg, respectively
(Table 1). Finally, heart rate changed by 3.2 beats per minute (bpm), 2.5 bpm, and 1.5 bpm, respectively.

DISCUSSION
Our results indicate that GMA may change with advancing
age, manifested mainly by a decline in dominant power.
In addition, the average percentage of 3 CPM activity
declined during exposure to noise in the younger
subjects. Together with these decreases in 3 CPM activity,
bradygastria became more prominent. A trend toward a
decrease in DF and an elevation in DP was consistently
observed during exposure to noises in both age groups.
None of the noises employed in this study had a
significant effect on autonomic nerve function reflected by
blood pressure and heart rate.
Many non-auditor y effects of noise have been
described and have been reviewed in detail elsewhere[1].
In general terms, these non-auditory responses can be
considered reflexive in nature and tend to increase the
level of alertness and arousal. These reflexes included a
focused posture directed to the source of noise, a shunting
blood away from vegetative regions like the stomach, a rise
in adrenalin, noradrenalin, and 17-hydroxycorticosteroids,
www.wjgnet.com
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Figure 1 Effect of various types of noises on dominant frequency in the
subjects of age below 50 (n = 12) and above 50 (n = 9). Base-, baseline; Conv-,
conversation babble; Hosp-, hospital noise; Traf-, traffic noise. One-way RM
ANOVA vs individual baseline, no statistical significance was observed.

a release of glucose into the blood stream, and an increase
in blood pressure[19,20].
Many non-auditory responses to noise have been linked
to activation of the autonomic nervous system. However,
in the present study, noise did not alter blood pressure
or heart rate. These are parameters that one would have
expected to reflect enhancement of the autonomic
nervous system and which have previously been shown
to be affected by loud noise[5,6,11]. Our negative results in
this regard suggest that, under the present conditions,
alterations in GMA may occur at levels of autonomic
stimulation less intense than that required to alter the
circulatory system.
Our findings that exposure to noise decreases the
percentage of normal 3 CPM activity is consistent with a
recent report[21] in which the authors found that loud music
and household noise all tended to alter the rhythmicity
of gastric slow waves by an increase in bradygastria and a
concurrent reduction in the normal 2-4 CPM activity. As
in the present study, there were no signs of autonomic
activation.
Workers in noisy jobs commonly report nausea and
are known to have an increased incidence of digestive
disorders including gastritis and ulcers [10,13]. As noted
before, acoustic stress has been linked to increased gastric
acid secretion[13]. An additional mechanism is suggested
by the present study. Our finding that the percentage of
normal 3 CPM activity decreased in younger subjects after
exposure to noises raised the possibility that digestive
problems, at least in part, might reflect alterations in
contractile activity of the stomach. In this respect, it has
been demonstrated that reduction in the normal GMA,
the presence of bradygastria or arrhythmias is associated
with reduced or absent gastric contractions[22]. Decreased
movement of g astrointestinal tract has long been
considered a sine qua non of the “fight or flight” response
and, as noted above, probably arises from autonomic
(specifically, sympathetic) stimulation. Our findings are
consistent with studies by Gue et al[14], showing that the
noise slowed the emptying of food by the canine stomach.
The relationship between age and characteristics of
www.wjgnet.com
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Figure 2 Effect of various types of noises on dominant power (DP) in the
subjects of age below 50 (n = 12) and above 50 (n = 9). Base-, baseline; Conv-,
conversation babble; Hosp-, hospital noise; Traf-, traffic noise. One-way RM
ANOVA vs individual baseline, no significance was observed. The baseline DP of
the older group (age > 50 yr) was significantly lower than that of the younger group
(age < 50 yr): aP < 0.05, Student’s t test.

GMA has been investigated. It is clear that gastric slow
waves are absent at birth and go through periods of
maturation after birth[23]. Whether GMA changes with the
advancement of age at adulthood is still inconclusive but
studies have reported that aging increases the instability of
electrical frequency[24], or the frequencies of the rhythm
of surface EGG[25]. In our study, it is interesting to note
that the dominant power was significantly lower in the
older subjects than those of younger group. Although the
significance of this phenomenon is unclear, it is possible
that the aging stomach might be less active in motility and
strength.
Advancing age is accompanied by a deterioration of
autonomic nervous function[26]. This may, in part, explain
why GMA of older individuals is diminished during
exposure to stimuli such as meal[27], or head out of water
immersion[28]. Finally, in an animal study by Pharm and
Willott[29], it was determined that the “threshold” auditory
stimulus required to initiate an acoustic startle response
grew with age. These studies may clarify why older
subjects in our study showed a diminished gastric electrical
response to noise that did the younger subjects.
In previous studies, noise has been observed to both
increase[5,19,30] and have no effect[31,32] on blood pressure
and heart rate. Our own negative results in this respect are
consistent with the latter findings. However, the duration,
intensity and quality of the noise undoubtedly determine
whether and to what extent an effect on blood pressure
and heart rate will be observed.
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Abstract
AIM: To evaluate the effects of extrahepatic collaterals
to the liver on liver damage and patient outcome after
embolotherapy for the ruptured hepatic artery pseudoaneurysm following hepatobiliary pancreatic surgery.
METHODS: We reviewed 9 patients who underwent
transcatheter arterial embolization (TAE) for the ruptured
hepatic artery pseudoaneurysm following major hepatobiliary pancreatic surgery between June 1992 and April
2006. We paid special attention to the extrahepatic arterial collaterals to the liver which may affect post-TAE liver
damage and patient outcome.
RESULTS: The underlying diseases were all malignancies, and the surgical procedures included hepatopancreatoduodenectomy in 2 patients, hepatic resection with
removal of the bile duct in 5, and pancreaticoduodenectomy in 2. A total of 11 pseudoaneurysm developed: 4
in the common hepatic artery, 4 in the proper hepatic
artery, and 3 in the right hepatic artery. Successful hemostasis was accomplished with the initial TAE in all
patients, except for 1. Extrahepatic arterial pathways to
the liver, including the right inferior phrenic artery, the
jejunal branches, and the aberrant left hepatic artery,
were identified in 8 of the 9 patients after the completion
of TAE. The development of collaterals depended on the
extent of liver mobilization during the hepatic resection,
the postoperative period, the presence or absence of an
aberrant left hepatic artery, and the concomitant arterial stenosis adjacent to the pseudoaneurysm. The liver
tolerated TAE without significant consequences when at
least one of the collaterals from the inferior phrenic ar-
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tery or the aberrant left hepatic artery was present. One
patient, however, with no extrahepatic collaterals died of
liver failure due to total liver necrosis 9 d after TAE.
CONCLUSION: When TAE is performed on ruptured
hepatic artery pseudoaneurysm, reduced collateral pathways to the liver created by the primary surgical procedure and a short postoperative interval may lead to an
unfavorable outcome.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Delayed massive arterial bleeding in the postoperative
period is a rare complication for patients with hepatobiliary
pancreatic diseases, but often results in a lethal outcome
due to the abrupt onset of massive hemorrhage. Bleeding
occurs mainly from erosion or pseudoaneurysm of major
visceral arteries as a result of an adjacent septic condition
or an intraoperative arterial injury[1-3].
Transcatheter arterial embolization (TAE) has been
proposed as the first-line treatment to control massive
bleeding associated with a r uptured hepatic arter y
pseudoaneurysm after hepatobiliary pancreatic surgery
because of its advantages over surgery. Such advantages
include an easier approach, precise localization of the
pseudoaneurysm, assessment of collateral pathways to
the liver, less chance of re-bleeding, and low mortality
rates[1-7]. Meanwhile, TAE on the hepatic artery may lead
to liver abscesses, gallbladder necrosis, biliary stricture,
intrahepatic biloma, and embolization of nor mal
vessels[8-10]. Furthermore, hepatic TAE may cause a total
interruption of the arterial blood supply to the liver, thus
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presenting a risk for liver infarction, especially in patients
after right or left hepatic lobectomy[11-14].
In this study, we retrospectively reviewed the patients
who underwent TAE for a r uptured hepatic arter y
pseudoaneurysm following major hepatobiliary pancreatic
surgery, paying special attention to the extrahepatic
collateral pathways which may be associated with postTAE liver damage and a negative patient outcome.

MATERIALS AND METHODS
Between June 1992 and April 2006, 10 patients developed
a rupture of the hepatic artery pseudoaneurysm following
major hepatobiliary pancreatic surgery in our department.
This included 1 patient who suddenly died due to abrupt
massive hemorrhaging. The remaining 9 patients who
underwent a diagnostic angiography and subsequent
transcatheter hemostasis treatment were reviewed in this
study. The clinical characteristics of these 9 patients are
summarized in Table 1. These patients included 6 men and
3 women with a mean age of 70 years (range 63-75). A
total of 11 pseudoaneurysms developed: 4 in the common
hepatic artery, 4 in the proper hepatic artery, and 3 in the
right hepatic artery. Subsequent ruptures of the portal
vein were seen in 2 patients. The underlying diseases
included hilar bile duct carcinoma, ampullary carcinoma,
gallbladder carcinoma, intrahepatic cholangiocarcinoma,
and metastatic liver cancer from colon cancer.
The surgical procedures performed were hepatopancreatoduodenectomy in 2 patients, left hepatic lobectomy
with a resection of the caudate lobe and bile duct in 4,
a segmental resection of the liver with removal of the
bile duct in 1, and pylorus-preserving or conventional
pancreaticoduodenectomy in 2. All patients received
lymphadenectomy around the hepatic artery. During the
hepatic resection, the whole liver was mobilized from the
diaphragm for the surgical procedure in 2 patients, and a
unilateral mobilization of the liver was done in 4 patients.
The postoperative complications included hepaticojejunal
or pancreaticojejunal anastomotic leakage in 6 patients. The
bleeding from ruptured pseudoaneurysm occurred 12-256
d following the primary operation. During the follow-up,
2 patients (cases no.1 and 2) had melena or hematemesis.
Of the remaining 7 patients, 6 presented bleeding from
the drain in the abdominal cavity, which was preceded by
an intermittent minor hemorrhage or “sentinel bleed” in 5
of the cases. A contrast-enhanced abdominal CT scan was
carried out immediately after the initial “sentinel bleed”
in 2 patients, and both depicted pseudoaneurysm in the
hepatic artery (Figure 1). In addition, hemorrhagic shock
(systolic blood pressure < 90 mmHg, pulse rate > 100/
min) was presented in 6 of the patients.
The diagnostic angiography was performed using
a 4-Fr or 5-Fr angiographic catheter (Clinical Supply,
Tokyo, Japan) through a transfemoral approach. In all
cases, celiac, common hepatic, and superior mesenteric
angiographies and arterial portographies, were routinely
taken to detect the bleeding points. Immediately
after identifying pseudoaneurysms, with or without
extravasation of the contrast madia, TAE was performed
with distal and proximal placement of embolic coils to

Figure 1 A 66-year-old female with pylorus-preserving pancreaticoduodenectomy
(12 d after surgery). A contrast-enhanced CT scan presents a pseudoaneurysm on
the distal side of the common hepatic artery (arrow).

the pseudoaneurysm for the hemostasis. The embolic
coils used were 0.035-inch stainless-steel coils, 3-8 mm
in diameter, or 0.018-inch platinum coils, and 3-6 mm in
diameter (Cook, Bloomington, IN).
The procedural success of TAE and the presence of
collateral arterial blood flow to the liver were confirmed
at the end of the procedure by performing angiographies
of the celiac, superior mesenteric, and inferior phrenic
arteries. The hepatic function tests evaluated before
and after TAE included total bilirubin (T-Bil), aspartate
aminotransferase (AST), and alanine aminotranferease
(ALT). We retrospectively reviewed the 9 patients with
special attention paid to the impact of collateral pathways
to the liver on post-TAE complications and patient
outcome.

RESULTS
Embolization of the hepatic artery was done in the
extrahepatic level in all patients (Table 2). However, the
embolic coils migrated to the intrahepatic level of the
left hepatic artery in 2 patients. An immediate successful
hemostasis was accomplished during the initial TAE in
all cases, except for 1 patient (case no. 3) who required a
second TAE because of re-bleeding 1 hour after the first
procedure. The first TAE was performed at the proximal
side of the right hepatic artery where pseudoaneurysm
and extravasation were observed. The second TAE was
performed by adding the coils distally and proximally.
Angiographies after the completion of the TAE
showed extrahepatic collateral pathways to the liver in 8
of 9 patients. This consisted of the right inferior phrenic
artery in 6 cases (Figure 2), the jejunal branches in 2
(Figure 3), and the aberrant left hepatic artery branched
from the left gastric artery in the other 2. These collateral
pathways supply the arterial flow throughout the hepatic
lobes via intrahepatic communicating branches (Figure 4).
Among these extrahepatic collaterals, the main collateral
pathways to the liver were either the right inferior
phrenic artery or the aberrant left hepatic artery. In 5
patients who underwent a hepatic resection without
whole liver mobilization, the collateral pathways from
the right inferior phrenic artery were well developed. In 2
www.wjgnet.com
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Table 1 Clinical characteristics of patients with ruptured hepatic artery pseudoaneurysms after hepatobiliary pancreatic surgery
Case Age/

Underlying diseases

Surgical procedures Hepatic

Postoperative Postoperative

no.

sex

1

75/M Metastatic liver cancer HTX (S7 + 8), BDR

None

2

74/M Intrahepatic
cholangiocarcinoma

HTX (S1 + 2 + 3 + 4), R&L
BDR

HJ leak

3

66/M Hilar bile duct
carcinoma

HTX (S1 + 2 + 3 + 4), R&L
PD

HJ leak

4

71/M Hilar bile duct
carcinoma

HTX (S1 + 2 + 3 + 4), L
BDR

5

76/F

6

72/M Hilar bile duct
carcinoma

7

67/F

8

63/M Ampullary carcinoma PD

9

66/F

Intrahepatic
cholangiocarcinoma

Clinical

Sentinel

Pseudoaneurysm

lobes
complications interval
mobilized
(d)

presentation

bleed

Location

size
(cm)

Extravasation

R

256

Melena

No

PHA

2.7

Yes

105

Hematemesis, No
shock

PHA

0.7

Yes

28

BFD, shock

Yes

PHA, RHA

2.2, 3.1

Yes

HJ leak

19

BFD, shock

Yes

RHA

2.8

Yes

HTX (S1 + 2 + 3 + 4), L
BDR

None

17

Hematemesis, No
shock

PHA

1.5

Yes

HTX (S1 + 2 + 3 + 4), L
BDR

HJ leak

15

BFD

Yes

CHA

1.3

No

None

PJ leak

35

BFD

No

CHA

1.2

Yes

None

PJ leak

23

BFD, shock

Yes

CHA, RHA 1.5, 2.3

Yes

None

None

12

BFD, shock

Yes

CHA

No

Gallbladder carcinoma HTX (S4a + 5), PD
Ampullary carcinoma PPPD

0.8

HTX: hepatectomy; BDR: bile duct resection; S7 + 8: hepatic posterior inferior and superior segments; S1 + 2 + 3 + 4: caudate lobe and hepatic lateral and medial
segments; S4a + 5: hepatic medial inferior and anteror inferior segments; PD: pancreaticoduodenectomy; PPPD: pylorus-preserving pancreaticoduodenectomy;
R: right; L: left; HJ: hepaticojejunal anastomosis; PJ: pancreaticojejunal anastomosis; BFD: bleeding from drain; PHA: proper hepatic artery; RHA: right hepatic
artery; CHA: common hepatic artery.

Figure 2 A 74-year-old male with left hepatic lobectomy (105 d after surgery).
The right inferior phrenic artery (arrows) is presented as a collateral pathway to
the liver on an angiography after TAE for the proper hepatic and gastroduodenal
arteries.

Figure 3 The jejunal branches (arrow) are seen as a collateral pathway to the
liver in the same patient as in Figure 2.

patients who received whole liver mobilization from the
diaphragm during the hepatic resection, 1 patient (case
no. 2) presented a well-developed collateral pathway from
the right inferior phrenic artery, but the other (case no. 3)
demonstrated no collateral pathways. The postoperative
inter val was 105 d and 28 d, respectively. Collateral
pathways from the jejunal branches were seen in 2 patients
who had a long postoperative course (cases no. 1 and
2), meanwhile, arterial stenosis or spasm adjacent to the
pseudoaneurysm were identified in 6 patients. The extraand intrahepatic arterial pathways to the liver developed in
accordance with the degree of arterial stenosis (Figure 5).
One patient with no extrahepatic collateral pathways to
the liver died of liver failure due to total liver necrosis 9 d
after TAE. However, 8 patients with extrahepatic collateral
pathways tolerated TAE. Six of these 8 patients showed
mild to moderate elevations of T-Bil, AST, and ALT after
TAE, and liver functions returned to normal within 10

d without any complication. The remaining 2 patients
(cases no. 7 and 8) showed a considerable liver dysfunction
likely due to a chance migration of embolic coils to the
left hepatic artery during TAE. They were subsequently
cured with a conservative treatment, although 1 patient
developed a liver abscess in the left hepatic lobe.
Two patients who developed a rupture of the portal
vein after TAE were managed with re-laparotomy (case
no. 2) and interventional radiologic technique (case no. 6),
respectively. In the former, the rupture of the portal vein
occurred 37 d after TAE, in which the embolic coils in
the proper hepatic artery migrated to the adjacent portal
vein, resulting in disruption of the vein. Although this
patient underwent re-laparotomy, the ruptured portal vein
could not be repaired due to huge adhesions around the
portal system and the fragility of the portal vein. He died
of multiple organ failure (MOF) 14 d after re-laparotomy.
In the latter patient, the bleeding from the portal vein
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Table 2 Results of embolotherapy for ruptured hepatic artery pseudoaneurysms after hepatobiliary pancreatic surgery
Case Arteries
no.

No.of Migration TAE

embolized coils

of coils

success

Collateral pathways
RIPA Jejunal

placed

Hepatic Changes in liver function tests:

aberrant intrahepatic arterial pre-TAE→post-TAE (days after TAE)

branches LHA

Follow-up Outcome
interval

branches

stenosis T-Bil (mg/dL) AST (IU/L) ALT (IU/L) after TAE

1

PHA

17

No

Complete Good Good

None

Fair

Yes

1.2→3.2 (3)

29→131 (3) 22→112 (3) 34 mo

Alive

2

PHA,
GDA

18

No

Complete Good Good

None

Good

Yes

1.1→1.3 (5)

26→41 (1)

Died of
MOF

3

PHA,
RHA

13

No

Complete Poor Poor

None

?

No

1.3→19.4 (3)

65→9750 (2) 79→7865 (3) 9 d

Died of
liver failure

4

RHA

10

No

Complete Good Poor

None

Good

Yes

1.7→5.6 (1)

46→214 (1) 34→132 (1)

7 mo

Died of local
recurrence

5

PHA

9

No

Complete Fair

Poor

None

Fair

No

0.9→2.5 (5)

20→141 (4) 24→289 (4)

6 mo

Alive

6

CHA

12

No

Complete Good Poor

None

Good

Yes

1.6→6.2 (3)

22→118 (3) 21→95 (4)

7

CHA

6

Yes

Complete Fair

Poor

None

Fair

No

1.2→3.2 (3)

29→965 (3) 22→947 (3)

8

CHA,
RHA

13

Yes

Complete Poor Poor

Good

Good

Yes

0.6→1.1 (5)

38→439 (1) 57→700 (2) 48 mo

Alive

9

CHA

22

No

Complete Poor Poor

Good

Good

Yes

0.5→2.2 (3)

20→144 (1) 48→241 (1) 58 mo

Alive

12→16 (1)

52 d

54 d
9 mo

Died of
MOF
Died of liver
metastasis

PHA: proper hepatic artery; DGA: gastroduodenal artery; RHA: right hepatic artery; CHA: common hepatic artery; RIPA: right inferior phrenic artery; LHA: left
hepatic artery; T-Bil: total bilirubin; AST: aspartate aminotransferase; ALT: alanine aminotranferease; MOF: multiple organ failure.

Figure 4 A 71-year-old male with left hepatic lobectomy (41 d after surgery). The
intrahepatic communicating branches (arrows) are visualized via the branches of
the right inferior phrenic artery on an angiography after TAE for the right hepatic
artery.

Figure 5 A diagnostic celiac angiography showing a stenosis of the right hepatic
artery (black arrow) distal to the ruptured hepatic artery pseudoaneurysm in
the same patient as in Figure 1. The aberrant left hepatic artery (white arrow)
originating from the left gastric artery was dilated and supplied arterial blood flow
to the right hepatic artery through the intrahepatic communicating branches before
TAE.

occurred 3 d after TAE. A Gianturco expandable metallic
stent (Z-stent; Cook, Bloomington, IN) was placed in the
portal vein to bridge the site of venous disruption via
a peripheral branch of the ileocecal vein under a small
laparotomy in the right lower quadrant of the abdomen.
The extra-portal cavity was then packed with 30 microcoils
through a slit in the Z-stent. This patient died of MOF
induced by sepsis originating from the abscess around
the microcoils packed in the extra-portal cavity 51 d after
placement of the stent.

inadequate hemostasis[15,16]. On the other hand, delayed
bleeding occurs mainly due to erosion or pseudoaneurysm
of major visceral arteries and has a higher mortality rate
than those with suture-line bleeding[16].
Three major predisposing factors for delayed arterial
bleeding after hepatobiliary pancreatic surgery have been
suggested: (1) digestion of arterial walls due to activated
pancreatic juice or infectious bile from anastomotic
insufficiency, (2) arterial irritation by localized abscess in
the intra-abdominal space, and (3) a mechanical injury
of the artery during operation, particularly due to lymph
node dissection for malignancy[1-3,14,17,18]. In the present
study, lymphadenectomy around the hepatic artery was
performed on all 9 patients. In addition, postoperative
hepaticojejunal or pancreaticojejunal anastomotic leakage
was identified in 6 cases. Although the rupture of visceral
arteries after surgery may be a complex process and actual
pathogenesis remains obscure, histopathology of autopsy

DISCUSSION
Massive arterial bleeding can occur early or late in the
postoperative course of patients undergoing hepatobiliary
pancreatic surgery. Early bleeding within 24 h after
operation usually originates from vessels at the anastomotic
suture-line or in the intra-abdominal cavity due to
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of our case no. 3 demonstrated that infectious bile invaded
the hepatic arterial wall and completely destroyed the
media consisting of elastic fibers[11].
The compensatory arterial circulation to the liver
after TAE for the treatment of ruptured hepatic artery
pseudoaneurysm was recognized in 8 of the 9 patients
who underwent major hepatobiliary pancreatic surgery in
this study. Michels has described the details of extrahepatic
arterial collaterals to the liver after ligation of the hepatic
artery in a series of 200 cases of hepatic resection, in
which at least 26 possible routes of collateral arterial
blood supply to the liver from the common hepatic trunk
were noted[19]. Among them, the following are clinically
important: (1) the subphrenic branch of the phrenic artery
or internal mammary artery, (2) the aberrant hepatic artery,
(3) the periductal arterial plexus, (4) other collaterals into
the hepatic hilum from the superior mesenteric artery, and
(5) the intrahepatic branches[19,20]. Although the significance
of extrahepatic collateral pathways in association with
liver damage after hepatic TAE has been reported[2,21-23],
the relationship between the primary surgical procedure
and the development of extrahepatic collaterals following
hepatobiliary pancreatic surgery has not been described in
detail.
In this study, the main collateral pathways to the
liver after TAE in patients with major hepatobiliary
pancreatic surgery included the right inferior phrenic
artery, the aberrant left hepatic artery, and the intrahepatic
communicating branches. The development of these
collaterals depended on the primary operative procedure,
postoperative duration, and concurrent arterial stenosis
adjacent to the pseudoaneurysm. They subsequently
affected post-TAE liver damage and patient outcome.
Following TAE, total liver necrosis occurred in 1 patient
who had no extrahepatic collateral pathways. This was
probably due to whole liver mobilization during hepat
opancreatoduodenectomy 28 d prior to TAE. Another
patient received whole liver mobilization along with left
hepatic lobectomy 105 d prior to TAE, and showed a
well-developed collateral pathway from the right inferior
phrenic artery. Conversely, the inferior phrenic artery
was maintained in 5 patients who underwent a hepatic
resection without whole liver mobilization. The hepatic
arterial stenosis adjacent to the pseudoaneurysm was
also associated with the development of extra- and
intrahepatic collateral pathways. As a result, the liver
tolerated TAE without significant consequences when one
of the collaterals from the inferior phrenic artery or the
aberrant left hepatic artery was present. Therefore, when
performing hepatic TAE, all the information mentioned
above should be considered in individual patients who
have undergone hepatobiliary pancreatic surgery. TAE
on the hepatic artery has generally been considered to be
relatively safe if the portal blood flow is maintained[12,13,24].
However, it could result in an unfavorable outcome when
the development of extrahepatic pathways to the liver is
poor. In such cases, endovascular repair of hepatic artery
pseudoaneurysms using a stent-graft with preservation of
the arterial blood flow to the liver[ 25], may be an alternative
treatment to TAE.
Brodsky and Tur nbull [26] emphasize a “sentinel
www.wjgnet.com
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bleeding” as a precursor of vessel erosion after pancreatic
surgery. In our series, episodes of sentinel bleeding
from the drainage tube prior to massive hemorrhage
were recognized in 5 patients. Interestingly, an urgent
contrast-enhanced CT scan successfully depicted
hepatic arter y pseudoaneur ysm in 2 patients when
the abdominal CT scan was carried out immediately
after the initial sentinel bleeding. The significance of a
CT scan in the detection of visceral pseudoaneurysm
following pancreaticoduodenectomy has previously been
reported [1,27]. Moreover, a dilated right inferior phrenic
artery representing an extrahepatic collateral after TAE
for hepatocellular carcinoma has been demonstrated by
using biphasic helical CT scans[28]. Early diagnosis and
management of an arterial pseudoaneurysm before it
ruptures is essential to improve the prognosis of this
condition. Accordingly, early CT scan should be required
in patients associated with postoperative leakage of enteric
anastomosis or intra-abdominal abscess, as well as in cases
with a sentinel bleeding after surgery.
Subsequent ruptures of the portal vein were seen in 2
patients. Although the Z-stent placement in the portal vein
was effective in the hemostasis of 1 case, the patient finally
died of MOF induced by sepsis originating from abscess
around the microcoils packed in the extra-portal cavity.
In such a case, a “second-look” operation for the abscess
should be performed after the hemodynamic condition of
the patient becomes stable.
In conclusion, TAE should be the first choice of
treatment for ruptured hepatic artery pseudoaneurysms
after hepatobiliary pancreatic surgery. In performing
hepatic TAE, however, information on liver mobilization,
the postoperative period, the presence or absence of
an aberrant left hepatic artery, and concomitant arterial
stenosis adjacent to the pseudoaneurysm is of prime
importance due to these factors affecting the development
of extrahepatic collateral pathways to the liver and the
post-TAE patient outcome.
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Abstract
AIM: To assess the clinical features and prognosis of
151 patients with extrahepatic metastases from primary
hepatocellular carcinoma (HCC), and describe the
treatment strategy for such patients.
METHODS: A f t e r t h e d i a g n o s i s o f H C C , a l l 9 9 5
consecutive HCC patients were followed up at regular
intervals and 151 (15.2%) patients were found to
have extrahepatic metastases at the initial diagnosis
of primary HCC or developed such tumors during the
follow-up period. We assessed their clinical features,
prognosis, and treatment strategies.
RESULTS: The most frequent site of extrahepatic
metastases was the lungs (47%), followed by lymph
nodes (45%), bones (37%), and adrenal glands (12%).
The cumulative survival rates after the initial diagnosis
of extrahepatic metastases at 6, 12, 24, and 36 mo were
44.1%, 21.7%, 14.2%, 7.1%, respectively. The median
survival time was 4.9 mo (range, 0-37 mo). Fourteen
patients (11%) died of extrahepatic HCC, others died of
primary HCC or liver failure.
CONCLUSION: The prognosis of HCC patients with
extrahepatic metastases is poor. With regard to the
cause of death, many patients would die of intrahepatic
HCC and few of extrahepatic metastases. Although
most of HCC patients with extrahepatic metastases
should undergo treatment for the primary HCC mainly,
treatment of extrahepatic metastases in selected HCC
patients who have good hepatic reserve, intrahepatic
www.wjgnet.com

INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly malignant
tumor with frequent intrahepatic metastasis. The
prognosis of HCC patients has improved because of
progress in therapeutic procedures, such as surgical
resection, radiofrequency ablation (RFA), percutaneous
ethanol injection (PEI), and transcatheter arterial
chemoembolization (TACE) [1-3]. Moreover, progress in
diagnostic modalities, such as ultrasonography (US),
computed tomography (CT), magnetic resonance imaging
(MRI), and digital subtraction angiography (AG) has led to
a better detection of patients with early and small HCC or
asymptomatic extrahepatic metastases.
The above improvements in survival and diagnostic
modalities have resulted in increased detection of
extrahepatic metastases from primary HCC and further
increases are anticipated in the future. Several groups have
investigated extrahepatic metastases from HCC, but many
of such cases were in autopsy cases, in a small number
of cases or case reports[4-15]. At present, the prognosis of
patients with extrahepatic metastases from primary HCC
is poor[16,17]. In this regard, there is only little information
about the causes of death of such patients[18], and there is
no consensus on the treatment strategy for extrahepatic
metastases from HCC. For example, what treatment
strategy should be used to treat intrahepatic HCC or
extrahepatic metastases? Among patients with extrahepatic
metastases from primary HCC, which patients should
be treated? To our knowledge, there are no reports that
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deal directly with these questions. In this relatively large
study, we retrospectively assessed the clinical features and
prognosis of 151 patients with extrahepatic metastases
from primary HCCs, and described the treatment strategy
for such patients.

MATERIALS AND METHODS
Patients
From June 1990 to December 2005, 995 consecutive
patients with HCC were admitted to our hospital. Among
these patients, 880 were initially diagnosed with HCC
in our hospital while the others were treated previously
for HCC in other hospitals. Extrahepatic metastases
from primary HCC were detected in 151 (15.2%) of 995
patients. None of the patients was treated for extrahepatic
metastases. All the 151 HCC patients with extrahepatic
metastases (117 men and 34 women, median age: 64 years,
range: 21-82 years) were enrolled in the present study.
Table 1 summarizes the clinical profile of the 151
patients at the initial diagnosis of extrahepatic metastases.
These 151 patients were divided into groups A and B.
Group A was consisted of 68 patients presented with
extrahepatic metastases together with primary HCC at
the initial diagnosis of HCC, group B was composed
of 83 patients who received treatment for intrahepatic
HCC, and developed extrahepatic metastases during the
follow-up period. Among them, 37 (25%) patients were
treated previously for primary HCC in other hospitals, 90
patients were of performance status (PS) of 0, 43 patients
of 1, 9 patients of 2, 6 patients of 3, and 3 patients of
4[19]. The etiology of the background liver disease was
hepatitis B virus (HBV) in 33 patients, hepatitis C virus
(HCV) in 89 patients, HBV and HCV in 5 patients,
and non-B non-C in 24 patients. The hepatic reserve
was Child-Pugh grade A in 88 patients, grade B in 48
patients, and grade C in 15 patients. We evaluated the
primary tumor stage according to the Liver Cancer Study
Group of Japan criteria[20], based on the following three
conditions (T factor): solitary, < 2 cm in diameter, and
no vessel invasion. T1 was defined as fulfilling the three
conditions, T2 as fulfilling two of the three conditions,
T3 as fulfilling one of the three conditions, T4 as fulfilling
none of the three conditions. The primary HCC tumor
stage at the first diagnosis of extrahepatic metastases
was T0 (no intrahepatic HCC) in 11 (7%) patients, T1 in
4 (3%) patients, T2 in 13 (9%) patients, T3 in 43 (28%)
patients, and T4 in 80 (53%) patients. Twenty seven of 28
patients with intrahepatic tumor stage T0-T2 were treated
previously for intrahepatic HCC. The median size of the
main intrahepatic primary tumor was 48 mm (range, 0-160
mm). Intrahepatic tumor morphology was nodular type in
83 (55%) patients, non-nodular type in 57 (38%) patients,
and no intrahepatic HCC in 11 (7%) patients. Table 1 lists
the sites of extrahepatic metastases at enrollment. Among
the 151 patients with extrahepatic metastases, the sites
of metastases were the lungs in 63 patients, lymph nodes
in 60 patients, bones in 51 patients, adrenal glands in 16
patients and other locations (e.g., peritoneum, pancreas
and nasal passages). In some patients, two or more distant
metastatic tumors were found in one or more organs.
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Table 1 Clinical profile of 151 HCC patients with extrahepatic
metastases at the initial diagnosis of extrahepatic metastases
Age (yr)
Sex (male/female)
Etiology (HBV/HCV/HBV + HCV/others)
PS (0/1/2/3/4)
Intrahepatic tumor stage (T0/1/2/3/4)
Intrahepatic main tumor size (mm)
Intrahepatic tumor volume (< 50%/≥ 50%)
Intrahepatic tumor morphology
(nodular type/non nodular type/no intrahepatic HCC)
Grade of portal vein invasion (Vp 0/1/2/3/4)
Child-Pugh grade (A/B/C)
AFP (ng/mL)
DCP (mAU/mL)
Site of extrahepatic metastases, n (%)
Lung
Lymph nodes
Bone
Adrenal
Peritoneum
Pancreas
Nasal passages

64 (21-82)
117/34
33/89/5/24
90/43/9/6/3
11/4/13/43/80
48 (0-160)
103/48
83/57/11
74/0/26/28/23
88/48/15
741.8 (< 5-861 600)
1300 (< 10-391 400)
63 (42)
60 (40)
51 (34)
16 (11)
1 (0.7)
1 (0.7)
1 (0.7)

Data are expressed as medians and ranges unless indicated otherwise. HBV:
hepatitis B virus; HCV: hepatitis C virus; PS: Eastern Cooperative Oncology
Group performance status; T0: no intrahepatic HCC; Portal invasion assessed
Vp1: tumor thrombus in a third or more of the peripheral branches; Vp2: in
the second branch; Vp3: in the first branch; Vp4: in the trunk; AFP: alphafetoprotein; DCP: Des-γ-carboxy prothrombin.

Hepatocellular carcinoma
A definitive diagnosis of HCC was based on the
finding of typical hypervascular radiological features
or histopathological examination of needle biopsy
specimen. HCC was also assessed by US, CT, and/or AG.
Furthermore, CT was obtained during arterial portography
and computerized tomographic hepatic arteriography.
Further assessment of HCC was conducted by measuring
α -fetoprotein (AFP) and des- γ -carboxy prothrombin
(DCP).
Extrahepatic metastases were diagnosed by CT, MRI,
bone scintigraphy, X-ray, and/or positron emission
tomography (PET) with 18F-fluorodeoxyglucose (FDG),
or diagnosed by histopathological examination of
surgically resected specimen or biopsy. When we suspected
extrahepatic metastases with HCC, we always ruled out
other malignancies (such as gastric cancer, colon cancer
and lung cancer) by several imaging modalities, serological
tumor markers and/or pathological examination.
Follow- up
All the 151 HCC patients with extrahepatic metastases
were followed up during the observation period and no
one was lost to follow-up. The median follow-up period
was 4.9 mo (range, 1-37 mo). After the diagnosis of
HCC, all patients were screened at regular intervals for
the development of intra/extra hepatic metastases by
clinical examination, AFP, DCP, and/or various imaging
modalities. Serological tumor markers were measured once
every month. US, CT or MRI was performed once every
three to six months.
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Statistical analysis and ethical considerations
Differences between groups were examined for statistical
significance using the Mann-Whitney test (U-test) and
2
χ test where appropriate. Cumulative survival rate was
assessed by the Kaplan-Meier life-table method and
the differences were evaluated by the log rank test. The
following 15 potential predictors were assessed in this
study: PS (0 vs 1-4), age (≤ 65 vs > 65 years), sex (M vs
F), Child-Pugh stage (A vs B, C), intrahepatic tumor stage
(T0-T2 vs T3, T4), main intrahepatic tumor size (≤ 50
vs > 50 mm), intrahepatic tumor volume (≤ 50% vs >
50%), intrahepatic tumor morphology (nodular type vs
non nodular type), portal venous invasion (Vp 0-2 vs >
Vp 3, 4), AFP (≤ 400 ng/mL vs > 400 ng/mL), DCP (≤
1000 mAU/mL vs > 1000 mAU/mL), site of extrahepatic
metastases (lung vs others, bone vs others, only lymph
node vs others), and treatment for extrahepatic metastases
(performed vs not performed). All factors that were at
least marginally associated with the survival after diagnosis
of extrahepatic metastases (P < 0.05) were entered into a
multivariate analysis. The hazard ratio and 95% confidence
interval (95% CI) were calculated to assess the relative risk
confidence. All analyses described above were performed
using the SPSS program (version 11.0, SPSS Inc., Chicago,
IL).
The study protocol was approved by the Human Ethics
Review Committee of Graduate School of Biomedical
Sciences, Hiroshima University and a signed consent form
was obtained from each patient.

RESULTS
Site of extrahepatic metastases
Table 2 lists the sites of extrahepatic metastases identified
throughout the follow-up period. The most frequent site
of metastases that were identified throughout the followup period was the lung (n = 71 patients, 47%), followed
by lymph nodes (n = 68 patients, 45%), bone (n = 56
patients, 37%), and adrenal glands (n = 18 patients, 12%).
Brain metastases were identified in 2 (1%) patients. One
(0.7%) patient each had metastases in the peritoneum,
pancreas, nasal passages, muscle, skin, diaphragm, and
colon. Autopsy was performed in 14 cases with metastases.
Despite the detection of extrahepatic metastases in
these 14 patients before autopsy, additional extrahepatic
metastases were detected on postmortem examination
(lymph nodes, diaphragm, and colon). At the first diagnosis
of extrahepatic metastases, 109 (72%) patients had singleorgan metastases, while the others had multiple organ
metastases.
Among the 71 patients with lung metastases, 23
patients had bilateral lung metastases, 14 had additional
extrapulmonary site of metastatic disease. The size of
pulmonary nodules ranged from 9 to 30 mm at initial
diagnosis of extrahepatic HCC. Few patients had
symptoms (cough, dyspnea, and pleural effusion) related to
lung metastases, and 8 patients who had severe symptoms
died subsequently of respiratory failure. The median
survival period of these 8 patients was 4.3 mo (range,
2.5-14.4 mo).
www.wjgnet.com
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Table 2 Sites of extrahepatic HCC detected throughout the
entire follow-up period
Site
Lung
Lymph nodes
Bone
Adrenal
Brain
Peritoneum
Pancreas
Nasal
Muscle
Skin
Diaphragm
Colon

Patients (n = 151), n (%)
71 (47)
68 (45)
56 (37)
18 (12)
2 (1)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)
1 (0.7)

Among the 68 patients with lymph node metastases,
metastases were identified in 64 regional lymph nodes.
The most common site was in the paraaortic nodes
(31/64), followed by portohepatic nodes (21/64),
periceliac nodes (6/64) and peripancreatic nodes (6/64).
The majority of patients with regional lymph nodes
metastases were asymptomatic, but few regional lymph
nodes (portohepatic nodes) caused obstructive jaundice.
Distant nodal metastases were found at 17 sites. The
most common site was the mediastinum nodes (10/17),
followed by subclavicular nodes (3/17), iliac nodes (2/17),
cardiophrenic node (1/17), and retrocrural node (1/17).
All distant lymph node metastases were not associated
with clinical symptoms in this study.
Fifteen of 56 patients with bone metastases had
multiple bone metastases at the initial diagnosis of bone
metastases. The total number of bone metastatic sites
was 88. The most frequent site was the vertebra (63/88;
cervical vertebrae = 9, thoracic vertebrae = 38, and
lumbar vertebrae = 16), followed by the ribs (8/88). Bone
metastases were diagnosed by CT, MRI, bone scintigraphy,
and/or PET with FDG.
Of the 18 patients with adrenal gland metastases, 13
had right adrenal gland metastases, 4 had left adrenal gland
metastases and only one patient had bilateral metastases.
These metastases were not associated with symptoms.
Treatments of extrahepatic metastases
All patients with Child-Pugh grade other than C or
PS other than 2-4 were treated for intrahepatic HCC,
and many of them were continuously treated after the
diagnosis of extrahepatic metastases. On the other
hand, HCC patients with Child-Pugh grade C or PS of
2-4 received supportive care. Forty-nine (32%) of 151
patients were treated for extrahepatic metastases by
surgical resection, TACE, systemic chemotherapy, and/or
radiotherapy. The 49 patients had extrahepatic metastases
that were considered to worsen prognosis.
Surgical resection was perfor med in three (2%)
patients (with regional lymph node, adrenal gland and lung
metastases). The survival periods after surgical resection
of extrahepatic metastases were 7 mo (in patients with
lymph node metastases), 23 mo (in patients adrenal gland
metastases), and 37 mo (in patients with lung metastases).
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Table 3 Univariate analysis of predictors of survival after initial
diagnosis of extrahepatic metastases in 151 patients

0.8
Survival rate (%)

Variable
PS (0 vs 1-4)
Age (≤ 65 vs > 65 yr)
Sex (M vs F)
Child Pugh stage (A vs B, C)
Intrahepatic main tumor size
(≤ 50 vs > 50 mm)
Intrahepatic tumor volume
(≤ 50 vs > 50%)
Intrahepatic tumor morphology
(nodular vs non nodular)
Vp (0-2 vs 3, 4)
AFP (≤ 400 vs > 400 ng/mL)
DCP (≤ 1000 vs > 1000 mAU/mL)
Treatment (performed vs not performed)1
Site (lung vs others)2
Site (bone vs others)
Site (only lymph node vs others)

0.6

0.4

0.2

0.0

B

0

6

12

18

24

30

36

42 (Mo)

1.0

Survival rate (%)

0.8

0.6

Hazard Ratio 95% CI

P

2.181
0.988
0.889
2.323
2.321

1.50-3.17
0.97-1.0
0.57-1.38
1.73-3.12
1.52-3.54

< 0.001
0.18
0.601
< 0.001
< 0.001

2.523

1.71-3.72

< 0.001

1.506

1.04-2.18

0.03

2.247
1.158
1.584
2.385
1.065
1.61
1.133

1.53-3.29
0.80-1.68
1.08-2.33
1.51-3.77
0.74-1.52
1.11-2.33
0.74-1.74

< 0.001
0.439
0.02
< 0.001
0.731
0.012
0.567

1

Treatments: various treatments for extrahepatic metastases (surgical
resection, TACE, systemic chemotherapy and/or radiotherapy); 2Site: site of
extrahepatic metastases.

0.4

0.2

0.0

C

0

6

12

18

24

30

36

42 (Mo)

1.0

Survival rate (%)

0.8

0.6

0.4

0.2

0.0

0

6

12

18

24

30

36

42 (Mo)

Figure 1 Survival rate of 151 HCC patients with extrahepatic metastases (A),
intrahepatic tumor stage (B) [solid line: T0-T2, dashed line: T3, T4 (log-rank test: P
< 0.001)], and after treatment of extrahepatic metastases (C) [solid line: treatment
group, dashed line: no treatment group (log-rank test: P < 0.001)].

T hese three were all alive without recur rence of
extrahepatic metastases during the observation period. In
each of these 3 patients, hepatic reserve was Child-Pugh
stage A, no intrahepatic HCC was not detected, and PS
was 0.
TACE was performed in 8 (5%) patients (7 patients
with adrenal gland metastases, and one patient with
paraaortic lymph node metastases). Systemic chemotherapy
was used in 39 (26%) patients. Chemotherapy included
5-fluorouracil, carboplatin, cisplatin. Twenty-five of the
39 patients had lung metastases, 10 had lymph node
metastases, 2 had bone metastases, one had lung and
lymph node metastases, and one had lung, adrenal gland
and lymph node metastases.
Radiotherapy was performed in 36 (24%) patients.

Curative therapy was performed in 10 patients (6 patients
with lymph node metastases and 4 patients with adrenal
gland metastases). Palliative therapy was performed in the
remaining 26 patients who had severe pain due to bone
metastases. Furthermore, 9 patients with painful bone
metastases were treated with RFA therapy combined with
cementoplasty[21]. Nonsteroidal anti-inflammatory drugs or
opioids were used in patients with bone metastases due to
severe pain.
Survival data
The cumulative survival rates of the 151 HCC patients
with extrahepatic metastases after initial diagnosis of
extrahepatic metastases at 6, 12, 24, and 36 mo were
44.1%, 21.7%, 14.2%, and 7.1%, respectively (Figure 1A).
The median survival period was 4.9 mo (range, 1-37 mo).
Survival was compared among patients with intrahepatic
tumor stage T0-T2 and T3, T4 (Figure 1B). The rate
was significantly higher in the intrahepatic tumor stage
T0-T2 groups than in the T3, T4 groups (P < 0.001).
We investigated the determinants of survival after initial
diagnosis of extrahepatic metastases. Univariate analysis
identified the following 9 factors significantly influencing
survival: PS, 0 (P < 0.001); Child-Pugh grade, A (P <
0.001); intrahepatic main tumor size, < 50 mm (P < 0.001);
intrahepatic tumor volume, < 50% (P < 0.001); portal
venous invasion, Vp 0-2 (P < 0.001); use of treatment
for extrahepatic metastases (P < 0.001, Figure 1C);
bone metastasis (P = 0.012); DCP < 1000 mAU/mL (P
= 0.02); and nodular type intrahepatic tumor (P = 0.03)
(Table 3). Since the variables could be mutually correlated,
multivariate analysis was perfor med. The analysis
identified the following four variables as significant and
independent determinants of survival after initial diagnosis
of extrahepatic metastases: PS (P < 0.001), portal venous
invasion (P < 0.001), treatment of extrahepatic metastases
(P = 0.003), and Child-Pugh grade (P = 0.009) (Table 4).
www.wjgnet.com
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Table 4 Multivariate analysis of predictors of survival after
initial diagnosis of extrahepatic metastases among 151 patients
Variable
PS (0 vs 1-4)
Vp (0-2 vs 3, 4)
Treatment (performed vs not performed)
Child pugh stage (A vs B, C)

Hazard ratio
5.576
4.792
4.134
2.372

95% CI

P

2.431-12.152 < 0.001
2.137-10.712 < 0.001
1.539-11.011
0.003
1.247-4.914
0.008

Causes of death
Twenty-five patients were still alive at the end of this study
while 126 patients died. Of the latter group, intrahepatic
tumor stages at the first diagnosis of extrahepatic
metastases were T0-2 in 17 patients and T3-4 in 109
patients. One hundred and twelve (89%) patients died of
intrahepatic HCC or liver failure. Fourteen (11%) patients
died of extrahepatic HCC (Table 5). Eight patients died
of respiratory failure due to lung metastases. Four patients
died of bone metastases-related disease. Two patients
died of obstructive jaundice due to portohepatic node
metastasis.
Of the 4 patients who died of bone metastases-related
disease, 3 died of intracranial hypertension due to skull
metastasis. Another patient died of vertebra metastasisrelated disease. He was 69-year old at first diagnosis of
bone metastases. He suffered from complete spinal cord
injury due to vertebral metastasis with gradual worsening
of PS. Finally, PS changed to 4 and the patient died of
aspiration-related pneumonia. The survival period after
first diagnosis of extrahepatic metastases was 11.5 mo.
Among the 14 patients who died of extrahepatic
HCC, 3 had chronic hepatitis, 7 had cirrhosis of ChildPugh grade A, 3 had cirrhosis of Child-Pugh grade B,
and 1 had cirrhosis of Child-Pugh grade C. All patients
who died of extrahepatic HCC with the exception of
that with Child-Pugh grade C had some hepatic reserve
until death. Intrahepatic tumor stage at first diagnosis
of extrahepatic metastases was T0 (3 patients), T1 (4
patients), T2 (1 patient), T3 (5 patients), and T4 (1 patient).
All 8 patients with intrahepatic tumor stage T0-T2 were
treated previously for intrahepatic HCC. Eight of 17 (47%)
patients with intrahepatic tumor stage T0-T2 died of
extrahepatic metastases. On the other hand, 6 of 109 (6%)
patients with intrahepatic tumor stages T3 and T4 died
of extrahepatic metastases. The mortality rate of patients
with intrahepatic tumor stage T0-T2 was significantly
higher than that of patients with intrahepatic tumor stages
T3 and T4 (P = 0.001) (Table 6).

DISCUSSION
The prognosis of HCC patients with extrahepatic
metastases is unsatisfactory [16,17] and often not well
known[18]. In the present study, we assessed the clinical
features and prognosis of 151 consecutive HCC
patients with extrahepatic metastases. The incidence of
extrahepatic metastases from HCC was 15.2%. The most
frequent metastatic sites were the lung, lymph nodes,
bone, and adrenal gland. The cumulative survival rates of
www.wjgnet.com
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Table 5 Clinical profile of 14 patients who died of extrahepatic
metastases during the follow-up period
Case Presentation Site

Intrahepatic Sex Age Child-Pugh Etiology
HCC stage
(yr) stage

1

R

Lung

T3

M

65

A

HCV

2

R

Lung

T4

M

35

CH

HBV

3

R

Lung

T3

M

56

A

HBV

4

R

Lung,
vertebra

T0

M

40

CH

HBV

5

R

Lung,
vertebra

T1

M

69

A

HBV

6

R

Lung,
LN

T0

M

63

B

HBV

7

R

Lung,
vertebra,
nasal

T0

M

50

A

HBV

8

R

Lung

T3

M

73

A

NBNC

9

I

Skull

T1

M

57

A

HCV

10

I

Skull

T2

F

72

C

HCV

11

I

Skull

T3

M

56

B

HCV

12

A

Vertebra

T3

M

69

A

HCV

13

O

Lung, rib,
LN

T1

M

74

A

HCV

14

O

Vertebra,
LN

T1

M

70

B

HCV

All patients with intrahepatic tumor stage T0-T2 were treated previously
for intrahepatic HCC. R: respiratory failure; CH: chronic hepatitis; LN:
lymph node; NBNC: no hepatitis B virus or hepatitis C virus; I: intracranial
hypertension symptom; A: aspiration-related pneumonia; O: obstructive
jaundice.

Table 6 Causes of death of 126 HCC patients with
extrahepatic metastases
Intrahepatic tumor stage
T0-2 (n = 17)
T3-4 (n = 109)

Intrahepatic HCC or
liver failure

Extrahepatic HCC

53% (9/17)
94% (103/109)

47% (8/17)
6% (6/109)

the 151 patients after the initial diagnosis of extrahepatic
metastases at 6, 12, 24, and 36 mo were 44.1%, 21.7%,
14.2%, 7.1%, respectively. The median survival period
was 4.9 mo (range, 1-37 mo). The mortality rate due to
extrahepatic metastases from HCC was 11% (14/126).
Extrahepatic metastases have been reported to occur
in 13.5%-42% of HCC patients[22-24]. In this study, the
prevalence of extrahepatic metastases was 15.2%. Though
we screened all HCC patients at regular intervals for intra/
extra hepatic metastases, not all patients received a full
metastatic follow up based on the use of several diagnostic
techniques. Since the majority of HCC patients with
extrahepatic metastases were asymptomatic, it is possible
to miss asymptomatic metastases such as those in the
lungs, distant lymph nodes, muscles and rectum.
Based on the initial diagnosis of intrahepatic HCC,
Natsuizaka et al[16] reported that patients with advanced
HCC develop extrahepatic metastases significantly more
frequently than those with less advanced HCC. At the
initial diagnosis of extrahepatic metastases, many HCC
patients with extrahepatic metastases have been reported
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to have advanced intrahepatic stage [16,22]. In our study,
123 (81%) patients with extrahepatic metastases had
intrahepatic tumor stages T3 (28%) and T4 (53%), at the
initial diagnosis of extrahepatic metastases, suggesting that
HCC patients with advanced intrahepatic tumor stage (T3,
T4) are at risk of developong extrahepatic metastases, and
that such patients should be followed up carefully.
On the other hand, our study identified 28 (19%)
patients with early intrahepatic tumor stage (T0-T2) at
the initial diagnosis of extrahepatic HCC. Eight of the
17 (47%) patients later died of extrahepatic metastases.
With regard to previous treatment, 27 of 28 patients with
early intrahepatic tumor stage were treated previously
for intrahepatic HCC. Considering the possibility
of extrahepatic metastases, HCC patients with early
intrahepatic tumor stage should be followed up carefully,
particurally those who have been treated previously for
intrahepatic HCC. This also includes HCC patients who
have received complete resection or ablation.
In this study, the most frequent metastatic sites
were the lungs, lymph nodes, bones, and adrenal glands.
Other studies have reported similar findings[16,22]. HCC is
thought to spread mainly via the hematogenous route, thus
causing intra/extra hepatic metastases. Most of HCCs are
hypervascular tumors. Moreover, HCC tends to invade
vessels, such as portal and hepatic veins. Therefore, HCC
could spread through the lung and systemic circulation
via the hepatic or portal vein. This could explain why the
lung is the most frequent site of metastases in HCC. Most
of HCC patients with lung metastases are asymptomatic.
To detect lung metastases from HCC, chest CT should be
performed at regular intervals during routine metastasis
follow-up.
Though there is no standard treatment for extrahepatic
metastases of primary HCC, several authors have reported
the use of various treatment modalities for extrahepatic
metastases [5,7,15,23,25-28] . Some reports have described
successful treatment of extrahepatic metastases with no
or few intrahepatic HCC[5,7,25,26]. However, only few HCC
patients can undergo surgical resection of extrahepatic
metastases because of hepatic reserve or intraheatic tumor
stage. In this study, the prognosis of 3 patients after
surgical resection of extrahepatic metastases seemed good.
These 3 patients had good hepatic reserve, no intrahepatic
HCC (PS = 0) and no intra/extra hepatic HCC and are
expected to have good prognosis. The clinical features of
HCC patients with extrahepatic metastases varied widely.
All patients were not symptomatic and thus not necessary
to receive treatment of extrahepatic metastases. Thus,
treatment of extrahepatic metastases from primary HCC
must be performed carefully taking into consideration the
clinical features.
Multivariate analysis in our study identified PS, portal
venous invasion, treatment for extrahepatic metastases, and
Child-Pugh grade as important determinants of survival
after the initial diagnosis of extrahepatic metastases.
Ishii et al[17] reported that brain metastases, number of
metastatic tumors and primary tumor status are important
factors for survival. In our study, only two patients had
brain metastases. With regard to the number of metastatic
tumors, we might miss asymptomatic metastases. Thus,
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Child-Pugh grade B, C
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T3, 4
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extrahepatic metastases

With
Treatment for intrahepatic HCC

Figure 2 Initial sites to be treated.

we did not include brain metastasis and number of
metastatic tumors in this multivariate analysis. Treatment
of extrahepatic metastases was an important determinant
of survival in our study. There might be selection bias
of patients treated for extrahepatic metastases because
many of them had good hepatic reserve. HCC patients
with poor hepatic reserve did not receive treatment for
extrahepatic metastases in this study. Regardless of such
bias, treatment of extrahepatic metastases might be
important for improvement of prognosis.
With regard to the cause of death, many HCC patients
with extrahepatic metastases died of intrahepatic HCC
or liver failure and few (11%) died of extrahepatic HCC.
Of the 14 patients who died of extrahepatic metastases,
10 had good hepatic reserve and 8 had early intrahepatic
tumor stage, at the initial diagnosis of extrahepatic
metastases. Usually, HCC patients with good hepatic
reserve, no or few intrahepatic HCCs, and those without
portal venous invasion show relatively good prognosis.
According to the univariate analysis of HCC patients with
extrahepatic metastases, patients with early intrahepatic
tumor stage have a significantly better prognosis than
those with advanced intrahepatic tumor stage. In our
study, the mortality rate due to extrahepatic metastases
with early intrahepatic tumor stage was significantly
higher than that due to those with advanced intrahepatic
tumor stage. This might be explained by the differences
in survival periods between these intrahepatic tumor stage
groups. Extrahepatic metastases with early intrahepatic
tumor stage can spread during the relatively long survival
period, and few patients die of extrahepatic metastases.
Extrahepatic metastasis with early intrahepatic tumor
stage is a very important cause of death of HCC patients.
Successful treatment of extrahepatic metastases in HCC
patients with early intrahepatic tumor stage might improve
the prognosis.
In conclusion, the majority of HCC patients with
extrahepatic metastases should undergo treatment for
intrahepatic HCC. Selected HCC patients with critical
extrahepatic metastases could undergo treatment for
extrahepatic metastases. However, these selected patients
must have good hepatic reserve, intrahepatic tumor stage:
T0-T2, and are free of portal venous invasion (Figure 2).
The important sites of critical metastases from primary
www.wjgnet.com
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HCC are the lungs, bones and the portohepatic node.
Further studies are needed for the improvement of the
prognosis of HCC patients with extrahepatic metastases.
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Abstract
AIM: To evaluate plasma levels of nitrite/nitrate (NOx),
soluble Fas (sFas) antigen, tumor necrosis factor alpha
(TNF-α) and interleukin-6 (IL-6) in patients with compensated and acute decompensated cirrhosis and to
evaluate mediators causing acute decompensation in
liver cirrhosis.
METHODS: This prospective study was conducted in
the medical intensive care unit of an academic tertiary
center. Fifty-five patients with acute decompensation
(gastrointestinal hemorrhage, encephalopathy, hydropic
decompensation) and twenty-five patients with compensated liver cirrhosis were included. Blood samples were
taken for analyses of sFas, Nox, IL-6, TNF-α. Liver enzymes and kidney functions were also tested.
RESULTS: In patients with acute decompensation, plasma sFas levels were higher than in non-decompensated
patients (15 305 ± 4646 vs 12 458 ± 4322 pg/mL, P <
0.05). This was also true for the subgroup of patients
with alcoholic liver cirrhosis (P < 0.05). The other mediators were not different and none of the parameters predicted survival, except for ALT (alanine-aminotransferase). In patients with portal-hypertension-induced acute
hemorrhage, NOx levels were significantly lower than
in patients with other forms of decompensation (70.8 ±
48.3 vs 112.9 ± 74.9 pg/mL, P < 0.05). When NOx levels were normalized to creatinine levels, the difference
disappeared. IL-6, TNF-α and sFas were not different
between bleeders and non-bleeders. In decompensated
patients sFas, IL-6 and NOx levels correlated positively
with creatinine levels, while IL-6 levels were dependent
on Child class.
CONCLUSION: In acute decompensated cirrhotic patients sFas is increased, suggesting a role of apoptosis in
this process and patients with acute bleeding have lower
NOx levels. However, in this acute complex clinical situa-

tion, kidney function seems to have a predominant influence on mediator levels.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver cirrhosis with portal hypertension is characterized
by several systemic and splanchnic hemodynamic
changes, such as splanchnic and systemic vasodilation,
with increased cardiac output and a compensator y
renal vasoconstriction [1]. A high level of nitric oxide
(NOx), a short-lived soluble vasodilating molecule,
has been proposed as one of the major endogenous
vasodilators in portal hypertension[2,3]. Increased serum
NOx levels in patients with cirrhosis have been reported
repeatedly[4-10]. It is also thought to be the cause of some
of the complications associated with end stage liver
disease. Certain complications of cirrhosis such as the
hepatopulmonary syndrome may be in part mediated
by local overproduction of nitric oxide[11]. In contrast,
exogenous application of nitrates is helpful in primary
prophylaxis of variceal hemorrhage[12] and the endothelial
dysfunction in cirrhosis results in impaired release of
endothelial relaxing factors including NO[13]. Therefore, we
speculated that changes in NOx levels could lead to acute
decompensation of liver cirrhosis. In addition to NOx,
other mediators such as tumor necrosis factor-α (TNF-α)
and interleukin-6 (IL-6) have also been associated with the
hemodynamic alterations in liver cirrhosis[14-18] and might
therefore influence events of acute decompensation.
Experimental studies have also suggested that apoptosis
via the soluble Fas (sFas)/Fas-ligand (FasL) signalling
system may play an important role in the development of
liver failure[19]. High levels of sFas have also been described
in certain chronic liver diseases[20,21]. However, the effects
on acute decompensation of chronic liver diseases are not
yet known. The aim of our study was to evaluate serum
www.wjgnet.com
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levels of NOx, cytokines and sFas in patients with portalhypertension-associated gastrointestinal hemorrhage and
to compare these with levels in patients with other forms
of acute decompensation or compensated cirrhosis.

MATERIALS AND METHODS
Patients
A total of 80 consecutive patients with liver cirrhosis with
(n = 55) and without (n = 25) decompensation entered
this prospective study at the Department of Medicine,
University Hospital Heidelberg between October 1999
and June 2000. Patients with decompensation had to be
admitted immediately to the Intensive Care Unit of the
medical department. Patients with additional signs of
infection were excluded from this study to eliminate the
influence of the infection per se on serum levels of NOx,
cytokines and sFas [22]. The study was approved by the
ethical committee of the University of Heidelberg. After
signing informed consent patients were enrolled.
Criteria for decompensation in patients with histologically
proven cirrhosis were: hydropic decompensation with
ascites and peripheral edema (hydropic decompensation),
encephalopathy or portal-hypertension-associated
gastrointestinal hemorrhage. Patients were categorized
according to their initial symptoms, and no patient was
in more than one category. The severity of liver disease
was evaluated according to Pugh's modification of Child's
criteria.
Since cytokine levels are influenced by accompanying
infections, patients with additional signs of infection were
excluded. Spontaneous bacterial peritonitis (SBP) was
defined as infection of the ascetic fluid, in the absence of
any intra-abdominal source of infection, with a neutrophil
count higher than 250 cells/mm3 ascitic fluid and/or a
positive culture. Urinary tract infection was considered
when the polymorphonuclear cell count was higher than
10 5/mm 3 and/or a positive culture of urine. Systemic
infection was diagnosed when two positive blood cultures
were found. A pneumonia was diagnosed based on a
positive sputum culture and/or typical chest X-ray.
On admission blood samples for cytokines, NOx and
soluble Fas were taken. These parameters were measured
together with routine laboratory tests on admission so as
to exclude influences of therapies and disease outcomes on
cytokine levels. The clinical and biochemical features of the
patients are shown in Table 1. Five ml blood was obtained
on admission in S-monovettes (Sarstedt, Germany). Serum
was immediately separated by centrifugation (3000 r/min),
divided into aliquot portions and stored at -25℃ until
assayed (within 2 mo of sampling).
Methods
IL-6 and TNF- α were measured in duplicates using
commercially available EIA assays (CYTImmune Sciences
Inc. College Park, MD USA). TNF-α assay sensitivity was
4.8 pg/mL, the intra-assay coefficient of variation was ±
8.3%, and the inter-assay coefficient of variation was ±
10.8%. For IL-6 the assay sensitivity was 3.4 pg/mL, the
intra-assay coefficient of variation was ± 8.1%, and the
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Table 1 Patient characteristics on admission
Characteristics
Age (yr)
Gender (M/F)

Decompensated cirrhosis Compensated cirrhosis
(n = 55)
(n = 25)
56.1 ± 14.2

55.6 ± 13.7

34/21

15/10

31 (56%)

14 (56%)

8 (15%)

2 (8%)

16 (29%)

9 (36%)

7/24/24

19/6/0

Etiology of cirrhosis
Alcoholic
Viral
Others
Child Pugh class
A/B/C

inter-assay coefficient of variation was ± 10.4%.
SFas in serum was quantified by a colorimetric ELISA
kit (Quantikine, R&D Systems GmbH Wiesbaden,
Germany) according to the manufacturers’ instructions.
Serum samples (100 µL) were poured into antibody-coated
wells using multichannel pipettes, then incubated for 2
h at room temperatures. After washing four times 200
µL peroxidase-conjugated-polyclonal antibody solution
was added to each well and incubated for 2 h at a room
temperature. After washing, the substrate solution (200
µL) was added to each well and incubated for 30 min. The
stop solution (50 µL) was then added to the wells and the
absorbance of each well was measured at a wavelength
of 450 nm (Anthos AR 2001). SFas concentrations were
calculated by comparison of the optical densities (mean
of duplicate patient samples) to those of the standard run
on the same plate. For sFas the assay sensitivity was 3.4
pg/mL, the intra-assay coefficient of variation was ± 3.8%,
and the inter-ssay coefficient of variation was ± 4.5%.
NOx was determined from total nitrite levels. Total
nitrite measurements were performed on stored samples
from all patients, using commercially available kits (Nitric
Oxide Assay, R&D Systems GmbH Wiesbaden, Germany).
The assay involved the conversion of nitrate to nitrite by
nitrate reductase. The detection of nitrite is determined
as a colored azo-dye product of the Griess reaction that
absorbs visible light. The concentration of NO was
indirectly measured by determining both nitrate and nitrite
levels in the same sample. Before analyses samples were
thawed at a room temperature and ultrafiltered through a
10 000 Molecular Weight cutoff filter (Microcon YM-10,
Millipore Corporation, USA) to eliminate proteins.
Supernatants were placed in microtiter plates in duplicates.
The steps used in the assay followed manufacturers'
guidelines. After development, plates were read on a
microtiter plate scanner (Anthos AR 2001 [550 nm]) and
the endogenous nitrite and total nitrite concentrations
were calculated by normalization of the optical densities
(mean of duplicate samples) of patient samples to those
of the standard on the same plate.
T he nitrate concentration was deter mined by
subtracting the endogenous nitrite concentration from the
total nitrite concentration. The analytic sensitivity of the
nitrite assay is typically less than 0.22 µmol/L and of the
nitrate reduction assay 0.54 µmol/L. Liver enzymes and
creatinine levels were measured using standard commercial
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photometric assays. Because NOx levels correlate with
kidney function (serum creatinine), they were divided by
creatinine levels[16].
Statistical analysis
The data were evaluated using descriptive statistical
methods (mean ± SD, ranges). For comparison of two
independent variables the non-parametric Mann-Whitney
U-test was used. P < 0.05 was considered significant.
Correlations were assessed by Spearman's test. Statistical
calculations were performed using SPSS Version 10.0 for
Windows (SPSS Inc. Chicago, USA).
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Table 2 Serum levels of soluble Fas (sFas), nitrite/nitrate
(NOx), tumor necrosis factor alpha (TNF-α) and interleukin-6
(IL-6) in patients with acute decompensation (hemorrhage,
encephalopathy, and hydropic decompensation) of liver cirrhosis
(mean ± SD)

SFas (pg/mL)

Decompensated cirrhosis
(n = 55)

Compensated cirrhosis
(n = 25)

15 305 ± 4646

12 458 ± 4322a

NOx (µmol/L)

96.9 ± 68.7

TNF-α (pg/mL)

90.9 ± 65.2

64.2 ± 40.2
73.5 ± 46.5

IL-6 (pg/mL)

84.8 ± 154.3

180.9 ± 662.2

a

P < 0.05 vs decompensated cirrhosis.

RESULTS
A total of 80 patients were consecutively analyzed. There
were more men than women (Table 1). Alcohol was the
predominant reason for cirrhosis in both groups (56%).
Liver cirrhosis, as assessed by the Child-Pugh score,
showed higher stages in the decompensated group.
Decompensated vs compensated cirrhosis
Serum levels of soluble Fas, NOx, TNF- α and IL-6
of patients with and without hepatic decompensation
are summarized in Table 2. Among these only sFas was
different (P < 0.05) between the groups with greater values
in patients with decompensation. Further differences
between the groups were aspartate-aminotransferase
(AST) and alanine-aminotransferase (ALT) levels. In
decompensated patients the values averaged 99.7 ±
273.1 U/L and 46.3 ± 153.8 U/L, respectively. The
corresponding values in compensated patients were 25.2 ±
15.6 and 20.5 ± 13.9 U/L (P < 0.05). Kidney function, as
determined by serum levels of creatinine, was impaired in
patients with decompensation (1.3 ± 0.9 vs 0.8 ± 0.2 mg/
dL, P < 0.01).
Survival
Within the follow up period of two months, 7 patients
with decompensated livers died, while none of the
compensated patients died. In comparison to the
decompensated survivors, neither sFas, NOx, and TNF-α
nor IL-6 levels were different. Kidney function was also
comparable. However, ALT levels were significantly higher
in patients who died during the observation period (73.6 ±
74.8 vs 42.0 ± 162.8 U/L, P < 0.01).
Comparison of decompensated patients with and without
bleeding
Portal hypertension related gastrointestinal hemorrhage
was the reason for admission in 21 patients. IL-6, TNF-α
and sFas levels were not significantly different between
patients with and without bleeding. However, NOx levels
were significantly lower in patients with bleeding (70.8 ±
48.3 vs 112.9 ± 74.9 pg/mL, P < 0.05). At the beginning
kidney function, as assessed by creatinine levels, was
poorer in patients with bleeding compared to patients
without bleeding (0.9 ± 0.4 vs 1.5 ± 1.0 mg/dL, P < 0.05).
NOx levels are dependent on kidney function and were
therefore normalized to creatinine levels. This eliminated

the difference. In the bleeding group, the ratio was 0.88
± 0.62 vs 1.13 ± 0.95 in decompensated patients without
bleeding (P = NS). In addition, transaminase levels were
not different between the patient groups.
Correlation between mediators, transaminases (ALT, AST)
and creatinine levels in patients with decompensated
cirrhosis
Serum sFas levels and NOx correlated positively with
creatinine levels (P < 0.05). Serum TNF- α and IL-6
levels showed no correlations and none of the mediators
correlated with each other, whereas ALT correlated with
AST (P < 0.001).
Etiology of cirrhosis
In patients with decompensated livers, alcohol was the
reason for cirrhosis in 31 cases and viral infection was the
cause in 8 patients. In alcoholic cirrhosis NOx levels were
higher (104.2 ± 57.5 µmol/L), while in viral hepatitis NOx
levels were significantly lower (63.9 ± 60.7 µmol/L, P <
0.05). In patients with alcoholic decompensated cirrhosis
sFas levels were higher (15711 ± 4406 pg/mL) than in
patients with compensated alcoholic cirrhosis (14 882 +
4588 pg/mL, P < 0.05). This again indicates a potential
role of apoptosis in deteriorating liver function in these
patients. The TNF-α and IL-6 levels were similar in both
groups.
Dependency on liver function
Several reports have found a correlation between liver
function, as assessed by the Child-Pugh score, and
cytokine levels. For sFas, TNF-α and NOx no dependency
on liver function was observed. However, there was
a clear dependency of IL-6 levels on liver function.
With deteriorating liver function, IL-6 levels increased
significantly (P < 0.05) (Figure 1).

DISCUSSION
Acute decompensation of liver cir rhosis is a life
threatening complication of a chronic disease. The reasons
why acute decompensation occurs are not well understood,
but bacterial infections are thought to be involved in some
patients[23]. To exclude this possibility and to evaluate the
role of different mediators only patients without any signs
www.wjgnet.com
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of infection were enrolled in this study. Our results showed
that in a large cohort of decompensated cirrhotic patients
decompensation was accompanied by increased sFas levels.
This was independent of the kind of decompensation,
i.e., bleeding or hydropic decompensation and was also
independent of Child stage. SFas had no relation to
outcomes or transaminase levels, but correlated with
kidney function.
The data showed that clinical prog ression and
decompensation of liver disease was accompanied by an
increase in sFas levels. These results are consistent with
other studies demonstrating that the clinical progression
of HBV from acute to chronic to malignancy is reflected
by a profile of steadily increasing sFas levels[21]. Similar
results were reported in patients with chronic hepatitis
C[24]. We first describe such a correlation in patients with
acute decompensation of chronic liver disease, especially
in patients with alcoholic cirrhosis. Evidence from in
vitro studies suggests that sFas can interfere with immune
cell-mediated Fas/FasL apoptosis induction [25,26]. The
results therefore indicate that such interference plays a
progressively enhanced role during the evolution of the
disease and the occurrence of acute decompensation.
In accordance with other studies we also found
a dependency of sFas levels on kidney function [27] .
In patients with chronic renal failure and in patients
undergoing dialysis elevated sFas levels have been
described. Therefore, the elevation of sFas levels in our
patients might also be mediated by the degree of kidney
failure. This additional factor was not mentioned in several
other studies where kidney function was not evaluated.
Among many potential mediators, NOx has emerged
as the main candidate implicated in the pathogenesis
of the hemodynamic alterations in liver cirrhosis. In
chronic liver diseases NOx is either produced as a result
of high systemic endotoxin levels or shares stress of
endothelial cells. In our study, NOx levels tended to be
greater in patients with decompensated liver cirrhosis,
however, this did not reach statistical significance.
Among the decompensated patients, those with portal
hypertension associated bleeding (i.e., variceal bleeding,
portal hypertensive gastropathy and colonopathy) had
significantly lower NOx levels than patients with other
forms of decompensation (i. e., encephalopathy, hydropic
decompensation).
NOx levels are determined not only by NO production
but also by the degree of kidney dysfunction, the fasting
state and exogenous nitrate sources [28] . There is an
inverse correlation of kidney function and NOx serum
levels[16]. In our cirrhotic patients with bleeding, kidney
function at entry was better, as assessed by measuring
serum creatinine levels, than in patients with other forms
of decompensation. We therefore nor malized NOx
levels to serum creatinine levels and found no difference
in NOx levels in decompensated patients with and
without bleeding [16], thus changes in NOx levels were
not responsible for the acute bleeding episode. Kidney
function was evaluated by creatinine levels. This is
sufficient, since alterations in kidney functions reflected
by changes of creatinine concentrations are accompanied
by changes in NOx levels[29]. NOx levels were determined
www.wjgnet.com
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Figure 1 Dependency of IL-6 on Child Pugh class in patients with acutely
decompensated liver cirrhosis (mean ± SD). aP < 0.05, bP < 0.01 vs class C.

within 24 h after admission of the patients. Since NOx
serum levels have a half-life period of 5 h and serum
samples from all patients were obtained in similar fashion,
this should not have influenced our results[30].
In our study NOx levels were determined regardless of
the fasting state. However, it has to be kept in mind that a
gastrointestinal bleeding leads to a high intestinal protein
load and induces encephalopathy in severe cirrhotic
patients. Thus, our bleeding patients had an endogenous
protein load, which could have even higher plasma NOx
levels.
NOx is not the only mediator involved in the
hyperdynamic circulation in cirrhosis. IL-6 and TNF-α
are also thought to be involved[14,31,32] and both are able to
increase NOx levels. In our study there were no differences
at all between the groups and also patients with bleeding
had no difference in these cytokine levels compared to
patients with other forms of decompensation. Moreover,
we could not find a dependency of TNF- α , sFas and
NOx levels on liver function as assessed by the Child
classification. Only IL-6 levels showed a dependency on
liver function. This is in contrast to some studies, where
such a relation could be observed[10]. Other studies were
inconsistent[16]. However, serum levels were not corrected
for kidney function[10]. It has been suggested that some of
the elevations seen in these mediators are a consequence
of liver cirrhosis and its hemodynamic alterations, rather
than the cause of them. In fact, IL-6 is cleared mainly in
the liver[33], and consequently the elevated IL-6 levels might
be secondary to liver dysfunction.
In summary, we show that IL-6 and TNF-α are not
altered in acute decompensated patients. SFas and NOx
levels are different, but dependent of and correlated with
kidney function. None of the mediators alone is able to
induce acute decompensation. However, in this acute
complex clinical situation, kidney function seems to have
predominant influence on mediator levels.
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INTRODUCTION
Abstract
AIM: To investigate the expression of Cyclooxygenase-2
(COX-2), proliferating cell nuclear antigen (PCNA), Ki-67
and p53 in gastrointestinal stromal tumors (GISTs) and
its relationship with histopathological parameters.
METHODS: Twenty-five GISTs were examined by light
microscopy and immunohistochemistry. c-kit, CD34,
SMA, S-100 protein, COX-2, PCNA, Ki-67 and p53 were
detected immunohistochemically and the relationship
was evaluated among histopathologic parameters such
as mitotic index (MI), tumor grade, tumor size, COX-2,
PCNA, Ki-67 and p53.
RESULTS: COX-2 protein expression was found in 19 of
25 (76%) of the tumors, and expression was noted in
the cytoplasm of the tumor cells. p53 was significantly
related to MI and tumor grade but no relationship was
found between COX-2, proliferation markers and MI,
tumor grade and tumor size.
CONCLUSION: COX-2 is expressed in most GISTs
and it may play an important role in the proliferation
and progression of these tumors or a useful marker to
identify GIST. Although immunohistochemical assessment
of p53 can be used for distinguishing the risk groups of
GISTs, tumor size and mitotic rate should be considered
at the same time.

www.wjgnet.com

Gastrointestinal stromal tumors (GISTs) are specific
mesenchymal tumors of gastrointestinal tract (GI) that
may occur in the entire length of GI tract from the
esophagus to the anus[1]. Its histopathological origin has
recently been suggested to be the intertistial cells of Cajal
(ICC)[2]. For the majority of GISTs, it may be very difficult
or impossible to determine the presence of any specific
line of differentiation histologically. Tumors showing
partial or incomplete myogenic, neural or myenteric
ganglionic features may present virtually identical features
under light microscopy[3].
However, immunohistochemistry of GISTs yields a
diverse and confusing array of data, the antibodies most
commonly used to characterize GISTs are those direct
against vimentin, desmin, muscle spesific actin (MSA),
smooth muscle actin (SMA), S-100 protein, neurofilament
(NF), neurone spesific enolase (NSE), PGP9.5, CD34
and CD117 (c-kit). The myogenic markers MSA and SMA
are variably expressed, whereas desmin is almost never
present. Furthermore, MSA and SMA are generally only
focally present or completely absent, indicating that most
smooth muscle differentiation is incomplete. A possible
schwannian/neural differentiation (S-100 protein, PGP9.5
and NSE positivity) may be present in a proportion of
SMA and MSA negative tumors, both myogenic and
schwannian/neural differentiation in a small proportion
of tumors, whereas a small number of GISTs were
positive for vimentin only and exhibited no detectable
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differentiation immunohistochemically[1-4].
The results of recent molecular pathologic studies
that most GISTs are immunoreactive for CD34, a
hematopoietic progenitor cell antigen, and CD117, c-kit
proto-oncogen protein, as well as the gain of function c-kit
gene mutations cause pathologic activation of the tyrosine
kinase of c-kit in GISTs, seem to support the concept of
GISTs as a biologically distinct entity[5,6].
The cyclooxygenase (COX) isoenzymes, COX-1 and
COX-2 catalyze in the oxidation of arachidonic acid to
prostaglandins, prostacyclin and tromboxanes and are
inhibited by aspirin and non-steroidal anti-inflammatory
drugs (NSAIDs) [7]. COX-1 is constitutively expressed
in most normal tissues; COX-2 is induced by cytokines,
mitogenic agents, and growth factors, and it produces
inflammation and cell growth. Up-regulation of this
enzyme in vitro has several tumorigenic effects such as
induction of cell cycle arrest, resistance to apoptosis,
increased cell growth, and stimulation of mitogenesis[7-8].
Recent studies have shown that COX-2 expression is
elevated in gastrointestinal carcinomas but little is known
about COX-2 expression in GISTs[9-11].
Multiple histological parameters such as mitosis, tumor
size, cellularity, necrosis and pleomorphism have been used
to predict the biological behavior of GISTs with limited
success[2,12]. The proliferation markers Ki-67 and PCNA
and tumor suppressor gene p53 have been reported as
prognostic markers in many tumors, but only a few such
studies have been reported in GISTs[2].
In this study, we used CD34, SMA and S-100 for
differentiation of GISTs and investigated the expression
of COX-2 in an attempt to correlate histopathologic
parameters such as mitotic index (MI), tumor grade and
tumor size and COX-2, proliferating cell nuclear antigen
(PCNA), Ki-67 and p53.

MATERIALS AND METHODS
Formalin-fixed, paraffin-embedded tissue sections from 25
primary GISTs were obtained from the files of the Faculty
of Medicine, Cukurova University, and Department
of Pathology, Baskent University Adana Resarch and
Practice Hospital. The material consisted of 11 gastric, 11
small intestinal, and 3 large intestinal tumors. The GIST
cases were re-evaluated to confirm the diagnosis, and
choose appropriate blocks of paraffin-embedded tissue
for immunohistochemical analysis. Clinical information,
including tumor size, was obtained from the surgical and
pathological records. The tumors were reclassified as very
low risk, low risk, intermediate risk and high risk according
to MI (mitotic figures per 50 high-power fields; HPF) and
tumor size (Table 1)[13].
Immunohistochemical analysis
Immunohistochemistry was performed using a strept
avidin-biotin-peroxidese technique with antibodies to c-kit
(CD117, monoclonal mouse antibody, Novacastra-dilution
1:30), CD34 (monoclonal mouse antibody, Dako-dilution
1:40), vimentin (monoclonal mouse antibody, Biogenexdilution 1:100), SMA (monoclonal mouse antibody,
Novacastra-dilution 1:50), S-100 protein (polyclonal rabbit
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Table 1 Risk categories in GISTs
Size
Very low risk
Low risk
Intermediate risk
High risk

< 2 cm
2-5 cm
< 5 cm
5-10 cm
> 5 cm
> 10 cm
Any size

Mitotic count
< 5/50 HPF
< 5/50 HPF
6-10/50 HPF
< 5/50 HPF
> 5/50 HPF
Any mitotic rate
> 10/50 HPF

antibody, Novacastra-dilution 1:200), COX-2 (polyclonal
goat antibody, Santa Cruz-dilution 1:100), Ki-67 (polyclonal
rabbit antibody, Dako-dilution 1:50), PCNA (monoclonal
mouse antibody, Biogenex-dilution 1:25), p53 (monoclonal
mouse antibody, Dako-dilution 1:60). A 5- μ m thick
sections of formalin-fixed, paraffin-embedded tissue
samples were deparaffinized and rehydrated through a
series of graded alcohols. Endogenous peroxidase activity
was blocked by a 30-min incubation in 3% hydrogen
peroxide-methanol solution and washed in phosphatebuffered saline (PBS). The slides were kept in citrate
buffer for 5-10 min in a microwave oven, rinsed in PBS
at room temperature and incubated for 20-30 min with
A2 blocking serum (citrate buffer incubation was not
performed for vimentin, and the sections were incubated
with 0.1% trypsin for 30 min). After washing, the sections
were incubated for 60-120 min with primary antibodies
and incubated for 30 min with biotinylated horse antimouse IgG immunglobulin (Dako, K0675). The sections
were incubated for 30 min with strept avidin peroxidase
reagent and washed again. The immunoperoxidase was
visualized with AEC (3 amino 9 ethyl carbazole), (Dako,
AEC substrate K0696). The sections were counterstained
with Mayer’s hematoxylin and then coverslipped.
Assessment of staining reactions
The cytoplasmic immunostaining for c-kit, vimentin,
CD34, SMA, S-100 and COX-2, and nuclear staining
for Ki-67, PCNA and p53 were considered as positive
reaction. The following scoring system was used for Ki-67
and PCNA: score 0, not positive; score 1, positively stained
nuclei in < 10% of the tumor cells; score 2, 10-50%
positive; and score 3, > 50% positive. The following
scoring system was used for p53 evaluation: 0, not positive;
1+, 1-25% positive; 2+, 25-50% positive; 3+, 50-75%
positive and 4+, > 75% positive.
Statistical analysis
Chi-square test was used to analyse the relation between
MI, tumor grade, tumor size and COX-2, Ki-67, PCNA
and p53. A P value of < 0.05 was considered significant in
difference. Statistical analyses were performed with SPSS
version 10.0 (Chicago, USA).

RESULTS
Sixteen (64%) of 25 GIST cases were male and 9 (36%)
were female. Their ages ranged from 38 to 81 with a mean
age of 62.30 ± 11.18 years (male: 62.86 ± 10.97, female:
www.wjgnet.com
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Table 2 Clinicopathological features of 25 patients with GISTs
Variables

Figure 1 Diffuse cytoplasmic staining of COX-2 in the tumor cells of GIST.

Cases n (%)

Sex
Male
Female
Site
Stomach
Small intestine
Large intestine
Tumor size (cm)
< 2 cm
2-5 cm
5-10 cm
> 10 cm
Mitosis
<5
≥5
Diagnosis
Very low risk
Low risk
Intermediate risk
High risk

16 (64)
9 (36)
11 (44)
11 (44)
3 (12)
0 (0)
4 (16)
16 (64)
5 (20)
11 (44)
14 (56)
0 (0)
3 (12)
6 (24)
16 (64)

Table 3 Immunostaining results of 25 cases of GISTs
Site of origin c-kit
+

Figure 2 High PCNA immunoreactivity in GIST with more than 50% of nuclear
positivity.

61.44 ± 12.12). Eleven (44%) of the tumors originated
from stomach, 11 (44%) from small intestine and 3 (12%)
from large intestine. The mean size of the tumor was 7.70
± 3.62 cm, 10.0 ± 4.43 cm and 5.0 ± 1.73 cm and the
mean mitotic index of the tumor was 5.60 ± 5.10, 11.0
± 10.76 and 16.0 ± 7.21 in stomach, small intestine and
large intestine, respectively. The tumors were classified as
low risk (n = 3), intermediate risk (n = 6) and high risk (n
= 16). Two of the low risk tumors were gastric and one
was small intestinal. Four of the intermediate risk tumors
were gastric and two were small intestinal tumors. Five
of the high risk tumors were gastric, eight were small
intestinal and three were large intestinal tumors. The
clinicopathological data of the 25 patients with GIST are
summarized in Table 2. The immunostaining results are
listed in Table 3.
All 25 cases of GIST were positive for vimentin.
Twenty-three (92%) tumors were positive for c-kit. Only
one small intestinal and one large intestinal tumors were
negative for c-kit but these tumors showed positive
reactivity with CD34. There was diffuse cytoplasmic
staining for both c-kit and CD34. CD34 reactivity
was found in 21(84%) tumors. Two gastric and two
small intestinal tumors were negative for CD34. Ten
(40%) tumors were positive for SMA. There was focal
cytoplasmic staining for SMA. The frequency of SMA
reactivity was higher in the nonstomach tumors (6 in small
www.wjgnet.com

COX-2 CD34 SMA + SMA + SMA SMA +
+
S-100 + S-100 - S-100 + S-100 -

Stomach
(n = 11)
Low risk
2
1
2
Intermediate 4
4
3
risk
High risk
5
3
4
Small intestine
(n = 11)
Low risk
1
1
1
Intermediate 2
1
2
risk
High risk
7
6
6
Large intestine
(n = 3)
High risk
2
3
3
Total n (%) 23 (92) 19 (76) 21 (84)

-

-

1
2

1
2

2

-

1

2

1

1
-

1

-

2

2

4

-

2
7 (28)

3 (12)

9 (36)

1
6 (24)

intestine and 2 in large intestine). S-100 reactivity was
found in 16 tumors (6 in stomach, 8 in small intestine and
2 in large intestine). There was focal staining for S-100.
Both SMA and S-100 reactivity were found in 5 intestinal
tumors while they were found only in 2 gastric tumors.
In contrast, 5 gastric tumors were negative for SMA and
S-100 while only one intestinal tumor was negative.
COX-2 immunostaining was found in 19 of 25
(76%) of the tumors (Figure 1). Three gastric and three
small intestinal tumors were negative for COX-2. In the
stomach, two high risk and only one low risk tumor were
negative. In the small intestine, two high risk and one
intermediate risk tumors showed negative staining with
COX-2 (Table 3).
PCNA index was high in most cases; score 3 was found
in 18 (72%) tumors; and score 2 in 5 (20%) (Figure 2).
Only one case was negative for PCNA. Based on Ki-67
index, score 0 was assigned to 9 (36%) tumors; score 1, to
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Figure 3 Low Ki-67 immunoreactivity in GIST with less than 50% of nuclear
positivity.

10 (40%); score 2, to 5 (20%); and score 3, to only one (4%)
(Figure 3).
p53 was positive in 18 (72%) tumors whereas it was
negative in 7 (28%) (Figure 4). Immunostaining results for
p53 are shown in Table 4.
Follow-up information was available in 13 cases. Four
patients died in early postoperative period (4-21 d). Two
patients died 18-24 mo after diagnosis. Seven patients are
alive 36-12 mo after diagnosis.
Statistically, p53 was related to MI and tumor risk
groups (P < 0.05). Although p53 score was markedly
high in cases with tumor size > 5 cm in diameter, it
was statistically insignificant (P = 0.05). There was no
relationship between COX-2, proliferation markers (PCNA,
Ki-67) and MI, tumor risk groups and tumor size (P > 0.05).

DISCUSSION
GISTs differ from true leiomyomas, leiomyosarcomas
and schwannomas, and their histological origin has
recently been suggested to be the ICC. These cells are
located between the muscular layers of gastric and
intestinal wall associated with the myenteric plexus
which are thought to play a role incoordinating intestinal
motility. Ultrastructurally, they show both incomplete
myogenic and neural differentiation and characterized
by dual immunopositivity for CD34 and CD117 [4,13]. It
is also accepted that the term ‘‘GIST’’ should apply only
to neoplasms expressing CD117 with only very rare
exceptions. The majority of studies have demonstrated
that immunoreactivity for CD34 is seen in 60%-80% of
cases[6,13,14].
Beside consistent positivity for CD117 and CD34,
3 0 % - 4 0 % o f G I S Ts s h ow i m mu n o p o s i t iv i t y f o r
SMA and usually 5%-10% and rarely up to 40% show
immunopositivity for S-100 protein[3,13,15].
In our study, SMA positivity was seen most often in
bowel tumors with a ratio of 40%. Some studies have
showed a reciprocal relationship with CD34 expression
and SMA positivity. Similarly, SMA negative tumors
were often CD34 positive in our cases. Additionally, the
percentage of S-100 protein reactivity was higher than
most of the previous studies. Beside conflicting results in
the literature this finding may represent autonomic nerve-
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Figure 4 High p53 immunoreactivity in GIST with more than 75% of nuclear
positivity.

Table 4 The results of immunohistochemical staining for p53
p53 index

0

1

2

3

4

Low risk
Intermediate risk
High risk
Total

1
0
6
7

1
2
6
9

1
1
2
4

0
1
2
3

0
2
0
2

like differentiation in a proportion of GISTs so that the
relationship between GAN and GISTs can not be ignored.
Also, a significant number of gastric tumors were negative
for SMA and S-100 protein while most of bowel tumors
had showed S-100 protein and/or SMA positivity.
Overexpression of COX-2 has been reported in
various types of gastrointestinal carcinomas[9-11]. COX-2
is located in tumor-derived epithelial cells of colonic
adenocarcinomas, whereas it is found in stroma cells in
tissues of colonic adenoma and colorectal carcinoma[9,16].
In addition, COX-2 is also located in interstitial cells
of colonic adenomatous polyps [17-19]. These discrepant
findings should be sorted out to determine the role of
COX-2 in not only carcinogenesis but also tumor growth
and progression of human carcinomas in ter ms of
epithelial-stromal interactions[8]. Asano et al[8] showed that
the expression of COX-2 in gallbladder carcinoma was
increased in parallel to the depth of invasion. Sheehan et al[7]
described for the first time the expression of COX-2 in
GISTs, and demonstrated COX-2 protein expression in 12
of 15 (80%) of the tumors. Stewart et al[20] showed COX-2
protein expression in 35 of 38 (92%) GISTs and indicated
that COX-2 may be useful as an additional molecular
marker to aid in the identification of GIST, particularly in
those cases with epithelioid histology or where KIT is only
weakly or focally positive. Epidemiologic data suggest that
the treatment with aspirin and NSAIDs prevents colorectal
cancer and reduces the size and number of corectal
polyps[21,22]. There is no evidence of inhibitory effect of
aspirin or NSAIDs in GISTs but treatment with COX
inhibitors as adjuvant therapy may be beneficial.
T here are many parameters for distinguishing
benign from malignant GISTs such as MI, tumor size,
cellularity, necrosis, mucosal invasion. MI and tumor size
are the most reasonable and replicable parameters[13,23].
www.wjgnet.com
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Other parameters have been studied to evaluate GISTs
behaviors, including immunohistochemical markers of cell
proliferation (e.g., Ki-67, MIB-1, PCNA), flow cytometry,
image analysis, telomerase activity and assessment of
nucleolar organizer regions[13,24].
There are controversies about prognostic impact of
PCNA[25-28]. Ray and et al[25] demonstrated that PCNA index
was correlated with necrosis, high grade atypia, cellularity
and mitotic rate. In contrast, Sbasching et al[27] did not find
a correlation of PCNA expression with survival in GIST.
More recently, Ki-67 analogues have replaced PCNA
because PCNA index is instable due to variations in
antigen preservation and recovery[29]. Seidal et al[30] studied
31 cases of GIST and found a correlation with Ki-67 and
outcome of patients. Wang et al[2] showed that expression
of Ki-67 was more frequently seen in malignant GISTs
than in benign GISTs. Regarding p53 expression in GIST,
only a few studies have been carried out, with conflicting
results. Al-Bozom[23] evaluated p53 expression in 15 cases
and concluded that p53 is usefull in distinguishing between
benign and malignant GIST. In contrast, Lopes et al[31]
studied 33 cases and did not find any correlation between
p53 and behavior.
In our study, p53 was found to be related to MI and
tumor grade (P < 0.05). Although p53 score was markedly
high in the cases with tumor size > 5 cm in diameter, it
was statistically insignificant (P = 0.05). We could not find
any significant relationshiop between proliferation markers
(PCNA, Ki-67), MI, tumor grade and tumor size (P > 0.05).
In conclusion, COX-2 is expressed in most GISTs
and may play an important role in the proliferation and
progression of these tumors or a useful marker to help
identify GIST. Immunohistochemical assessment of p53
can be used for distinguishing the risk groups of GISTs
but the best way to distinguish the risk groups of these
tumors is thought to be the tumor size and mitotic rate. We
found out that PCNA and Ki-67 are independent factors
from MI, tumor grade and tumor size. Further studies to
find additional prognostic parameters will provide valuable
insights into the behavior of GISTs.
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Abstract
AIM: To identify and analyze the clinical presentation,
management and outcome of patients with acute
mechanical bowel obstruction along with the etiology
of obstruction and the incidence and causes of bowel
ischemia, necrosis, and perforation.
METHODS: This is a prospective observational study of
all adult patients admitted with acute mechanical bowel
obstruction between 2001 and 2002.
RESULTS: Of the 150 consecutive patients included
in the study, 114 (76%) presented with small bowel
and 36 (24%) with large bowel obstruction. Absence
of passage of flatus (90%) and/or feces (80.6%) and
abdominal distension (65.3%) were the most common
symptoms and physical finding, respectively. Adhesions
(64.8%), incarcerated hernias (14.8%), and large
bowel cancer (13.4%) were the most frequent causes
of obstruction. Eighty-eight patients (58.7%) were
treated conservatively and 62 (41.3%) were operated
(29 on the first day). Bowel ischemia was found in 21
cases (14%), necrosis in 14 (9.3%), and perforation in
8 (5.3%). Hernias, large bowel cancer, and adhesions
were the most frequent causes of bowel ischemia (57.2%,
19.1%, 14.3%), necrosis (42.8%, 21.4%, 21.4%), and
perforation (50%, 25%, 25%). A significantly higher risk
of strangulation was noticed in incarcerated hernias than
all the other obstruction causes.
CONCLUSION: Absence of passage of flatus and/or
feces and abdominal distension are the most common
symptoms and physical finding of patients with acute
mechanical bowel obstruction, respectively. Adhesions,
hernias, and large bowel cancer are the most common
www.wjgnet.com

causes of obstruction, as well as of bowel ischemia,
necrosis, and perforation. Although an important
proportion of these patients can be nonoperatively
treated, a substantial portion requires immediate
operation. Great caution should be taken for the
treatment of these patients since the incidence of bowel
ischemia, necrosis, and perforation is significantly high.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute mechanical bowel obstruction is a common surgical
emergency and a frequently encountered problem in
abdominal surgery [1,2]. It constitutes a major cause of
morbidity and financial expenditure in hospitals around the
world[3] and a significant cause of admissions to emergency
surgical departments[2,4]. Intestinal obstruction belongs
to highly severe conditions, requiring a quick and correct
diagnosis as well as immediate, rational and effective
therapy[5,6].
Surgeons are concerned about bowel obstruction cases
because strangulation, causing bowel ischemia, necrosis
and perforation might be involved, and it is often difficult
to distinguish simple obstruction from strangulation.
Accurate early recognition of intestinal strangulation in
patients with mechanical bowel obstruction is important to
decide on emergency surgery or to allow safe nonoperative
management of carefully selected patients[1,2,7,8]. Although
close and careful clinical evaluation, in conjunction with
laboratory and radiologic studies, is essential for the
decision of proper management of patients with acute
mechanical bowel obstruction[1], a preoperative diagnosis
of bowel strangulation cannot be made or excluded reliably
by any known parameter, combinations of parameters, or
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by experienced clinical judgement[7-9].
Mechanical bowel obstruction is an old and common
surgical emergency[1,2]. Immediate and correct diagnosis
of this condition and its etiology is essential[5,6,9-11], and
appropriate treatment is of utmost importance[5,6,9-11]. The
clinical picture, however, of these patients [6,12,13] along
with the etiology of obstruction[1,3,11,14-16] and strangulation
prevalence are variable[8,17,18], while appropriate management
remains controversial[1-3,10,17,19]. We, therefore, conducted
this prospective study to identify and analyze the clinical
presentation of patients with acute mechanical bowel
obstruction in our department, the etiology of obstruction
as well as management and outcome of these patients.
Moreover, we evaluated the incidence and causes of bowel
ischemia, necrosis, and perforation.

MATERIALS AND METHODS
This is a prospective observational study of all adult (over
14 years old) patients admitted to the 1st Department of
Propaedeutic Surgery, Hippokration Hospital, Athens
Medical School, University of Athens with a diagnosis
of acute mechanical bowel obstruction between January
2001 and December 2002. The enrollment of the patients
in the study was approved by the ethics committee of the
University of Athens and written informed consent was
obtained from all patients. Patients with paralytic ileus were
excluded from our study while, since our hospital does not
have a Pediatric Surgery Department, patients under 14
years of age are not referred to our hospital. Consequently,
all adult patients with clinical and radiological evidence of
acute mechanical bowel obstruction were included in the
study.
Data collection (including pre-hospital, emergency
department and in-hospital information) was started
immediately after patients’ arrival at the Surgical Emergency
Department and continued on a daily basis. Recorded
variables were: age, gender, time between the onset of
symptoms and arrival at the emergency department, vital
signs (systolic and diastolic arterial blood pressures, heart
rate, breathing rate, and body temperature), symptoms
and physical examination findings, white blood cell (WBC)
counts, imaging features, types of management, time
between arrival and operation, operative findings, etiology
of obstruction, incidence and causes of bowel ischemia,
necrosis, and perforation, complications, admission in the
Intensive Care Unit (ICU), length of ICU and hospital
stay, and the final outcome of the patients.
Vital signs were non-invasively measured every 3 h apart
from the patients who were admitted to the ICU and had
continuous invasive monitoring. Serial clinical examinations
every 6 h by the same attending surgical team were
performed in all patients to evaluate the patients’ symptoms
and signs. All patients underwent WBC count testing as
well as plain abdominal X-ray every 24 h. Abdominal
ultrasound (US) was performed in all patients on arrival at
the Surgical Emergency Department while an abdominal
computed tomography (CT) scan and colonoscopy were
performed in a portion of the patients based on the clinical
judgement of the attending surgical team.

433

Table 1 Demographic, clinical, and laboratory data of the total
study group on arrival at the Emergency Department (n = 150)
Value

Variable
1

Age (yr)
Sex (Male/Female)2
Time between onset of symptoms
and arrival (h)1
Systolic arterial blood pressure
(mmHg)1
Diastolic arterial blood pressure
(mmHg)1
Heart rate (/min)1
Breathing rate (/min)1
Body temperature (℃)1
Fever (temperature > 38.0℃)2
Absence of passage of flatus2
Absence of passage of feces2
Vomiting2
Nausea2
Abdominal discomfort2
Abdominal distension2
Colicky abdominal pain2
Continuous abdominal pain2
Abdominal muscle guarding2
Rebound tenderness2
Small bowel obstruction2
Large bowel obstruction2
White blood cell (WBC)
count (109/L)1
Leukocytosis2
(WBC count > 10.8 × 109/L)2

63.8 ± 1.3 (65.0) (range: 16-98)
M: 60 (40%)/F: 90 (60%)
33.5 ± 2.3 (24.0) (range: 2-120)
121.2 ± 1.7 (120.0) (range: 80-170)
62.1 ± 0.9 (65.0) (range: 40-90)
80.4 ± 0.8 (79.5) (range: 60-130)
15.4 ± 0.1 (15.0) (range:11-22)
36.4 ± 0.03 (36.4) (range: 35.5-37.4)
0 (0%)
135 (90%)
121 (80.6%)
118 (78.6%)
89 (59.3%)
99 (66%)
98 (65.3%)
111 (74%)
22 (14.6%)
56 (37.3%)
7 (4.6%)
114 (76%)
36 (24%)
9.93 ± 0.29 (8.90) [range: 3.58-24.4]
55 (36.6%)

1
Values are expressed as mean ± SE and median (parenthesis); 2Values are
expressed as number of patients and percentage (parenthesis).

Criteria for operative management of the patients were
hemodynamic instability despite fluid resuscitation with
crystalloid solution or recurrence of instability after initial
stabilization, peritoneal signs on physical examination,
identification by imaging studies (X-ray, US, or CT scan) of
bowel ischemia, necrosis, and/or perforation, and failure
of nonoperative management on the 4th post-admission
day.
Intraoperative findings were also recorded with great
emphasis on the etiology of obstruction as well as the
incidence and causes of bowel ischemia, necrosis, and
perforation.

RESULTS
During the two years study period, 150 consecutive adult
patients with acute mechanical bowel obstruction were
admitted and composed our study group. Mean age of
the patients was 63.8 ± 1.3 years while women comprised
60% of the group. The majority of the patients (76%)
presented with small bowel obstruction. Demographic,
clinical, and laboratory data of the study group on arrival
at the Emergency Department are presented in Table 1.
Regarding clinical presentation of the patients, absence
of passage of flatus (90%) and/or feces (80.6%) were
the most common presenting symptoms and abdominal
distension (65.3%) was the most frequent physical finding
on clinical examination.
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Table 2 Etiology of acute mechanical bowel obstruction n (%)

Adhesions
Hernia
Large bowel cancer
Small bowel tumor
Retroperitoneal tumor
Crohn’s disease
Small bowel volvulus
Ovarian
cystadenocarcinoma
Acute diverticulitis
Sigmoid volvulus

84 (73.8%)
21 (18.5%)
3 (2.6%)
3 (2.6%)
0 (0%)
2 (1.7%)
1 (0.8%)
0 (0%)
0 (0%)
0 (0%)

13 (36.3%)
1 (2.7%)
17 (47.4%)
0 (0%)
2 (5.5%)
0 (0%)
0 (0%)
1 (2.7%)

97 (64.8%)
22 (14.8%)
20 (13.4%)
3 (2.0%)
2 (1.3%)
2 (1.3%)
1 (0.6%)
1 (0.6%)

1 (2.7%)
1 (2.7%)

1 (0.6%)
1 (0.6%)

Table 4 Incidence of bowel ischemia, necrosis, and perforation

n (%)
Value

Ischemia
Necrosis
Perforation

Small bowel
obstruction
group (n = 114)
15 (13.2%)
8 (7%)
4 (3.5%)

Large bowel
obstruction
group (n = 36)
6 (16.6%)
6 (16.6%)
4 (11.1%)

Total study
group
(n = 150)
21 (14%)
14 (9.3%)
8 (5.3%)

Volume 13

Number 3

Table 3 Management and outcome of the patients

Total study
Large bowel
Small bowel
group
obstruction
obstruction
group (n = 114) group (n = 36) (n = 150)

Cause

January 21, 2007

Value

Small bowel
obstruction
group (n = 114)

Large bowel
obstruction
group (n = 36)

Total study
group
(n = 150)

Operative
treatment1
Nonoperative
treatment1
Time between
arrival and
operation (h)2
Operation on the
1st day1
Operation on the
2nd day1
Operation on the
3rd day1
Complication1
Intensive Care
Unit (ICU)
admission1
ICU length of
stay (d)2
Hospital length
of stay (d)2
Mortality1

35 (30.7%)

27 (75%)

62 (41.3%)

79 (69.3%)

9 (25%)

88 (58.7%)

30.2 ± 4.1 (10.0)
[range: 2-96]

71.2 ± 3.2 (78.0)
[range: 4-164]

48.1 ± 4.2 (26.0)
[range: 2-164]

22 (19.3%)

7 (19.4%)

29 (19.3%)

4 (3.5%)

2 (5.5%)

6 (4%)

5 (4.3%)

3 (8.3%)

8 (5.3%)

4 (3.5%)
6 (5.2%)

2 (5.5%)
3 (8.3%)

6 (4%)
9 (6%)

6.3 ± 0.5 (2.0)
[range: 1-25]
6.0 ± 0.6 (5.0)
[range: 2-32]
1 (0.8%)

4.0 ± 0.7 (5.0)
[range: 2-5]
9.8 ± 1.1 (11.0)
[range: 3-20]
1 (2.7%)

5.5 ± 2.4 (3.0)
[range: 1-25]
6.9 ± 0.3 (6.0)
[range: 2-32]
2 (1.3%)

1

Values are expressed as number of patients and percentage (parenthesis);
Values are expressed as mean ± SE and median (parenthesis).

2

The etiology of obstruction is shown in Table 2.
Reg arding patients with small bowel obstr uction,
adhesions, incarcerated hernias, large bowel cancer, and
small bowel tumors were the most frequent causes of
obstruction (73.8%, 18.5%, 2.6%, and 2.6%, respectively).
Large bowel cancer, adhesions, retroperitoneal tumors,
and hernias were the most common causes in large
intestinal obstruction group (47.4%, 36.3%, 5.5%, and
2.7%, respectively). Finally, in the total study group
of patients with small or large bowel obstr uction,
adhesions, incarcerated hernias, and large bowel cancer
constituted the most frequent causes (64.8%, 14.8%,
and 13.4%, respectively). Moreover, all patients with
adhesive obstruction had previously undergone abdominal
operations; the vast majority of these cases had undergone
one operation (n = 70, 72.1%), 18 (18.6%) had two, and
9 (9.3%) had three operations. In terms of the types of
previous operations, 34 patients (25.6%) had undergone
an appendectomy, 31 (23.3%) gynecological procedures,
21 (15.8%) had a cholecystectomy, 15 (11.2%) had large
bowel cancer resection, 13 (9.8%) had adhesiolysis in
previous mechanical bowel obstruction episodes, 8 (6.0%)
had abdominal wall hernia repair surgical procedures, and
11 (8.3%) had other surgical procedures. It is of note that,
except for 3 patients with a laparoscopic cholecystectomy
in the group of two previous abdominal operations,
all patients had undergone open surgical procedures.
Furthermore, regarding the types of incarcerated hernias,
9 patients (40.9%) presented with an inguinal hernia,
4 (18.2%) with an umbilical hernia, 3 (13.6%) with an
incisional hernia, and 2 (9.1%) with a femoral hernia, while
in 4 patients (18.2%) an internal hernia was intraoperatively
identified. Sigmoid cancer was overrepresented accounting
for 15 (75%) of the 20 patients with obstruction due to
www.wjgnet.com

a large bowel cancer, whereas two (10%) patients had an
ascending colon cancer, one (5%) had a transverse colon
cancer, one (5%) had a descending colon cancer, and one
(5%) had a rectum cancer.
Data regarding management and outcome of the
patients are described in Table 3. Eighty-eight patients
(58.7%) of the total study g roup were safely and
effectively treated conservatively. Nonoperatively treated
patients composed the highest proportion (69.3%) of the
patients with acute mechanical small bowel obstruction,
while they only accounted for the minority (25%) in the
large intestinal obstruction group. Of the 62 patients
(41.3% of the total study group) who were operatively
treated, a substantial portion (19.3%) required surgical
intervention on the first day. Six cases (4%) sustained
complications; two suffered from septic shock along with
acute respiratory and renal failure, one suffered from
pneumonia, one suffered from myocardial infarction,
one had urinary tract infection, and one was reoperated
because of an anastomotic leakage. Two patients died,
resulting in a mortality rate of 1.3%; one died due to
multiple organ failure attributable to sepsis and one died
owing to myocardial infarction.
As it is shown in Table 4, the rate of bowel ischemia,
necrosis, and perforation in the total study group were
significantly high (14%, 9.3%, and 5.3%, respectively).
In the small bowel obstruction group, ischemia was
intraoperatively reversible in 7 out of 15 patients, whereas
the remaining 8 patients had bowel necrosis. In contrast,
no reversible ischemia was observed in the large bowel
obstruction group. Therefore, although patients with small
bowel obstruction and those with large bowel obstruction
presented similar ischemia rate, the incidence of necrosis
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Table 5 Etiology of small bowel ischemia, necrosis, and
perforation (small bowel obstruction group, n = 114) n (%)

Table 6 Etiology of large bowel ischemia, necrosis, and
perforation (large bowel obstruction group, n = 36) n (%)

Cause

Ischemia
(n = 15)

Necrosis
(n = 8)

Cause

Ischemia
(n = 6)

Necrosis
(n = 6)

Perforation
(n = 4)

Hernia
Adhesions
Small bowel volvulus
Large bowel cancer
Small bowel tumor

11 (73.3%)
2 (13.3%)
1 (6.7%)
1 (6.7%)
0 (0%)

5 (62.5%)
2 (25%)
1 (12.5%)
0 (0%)
0 (0%)

Large bowel cancer
Adhesions
Hernia
Sigmoid volvulus
Retroperitoneal tumor
Ovarian cystadenocarcinoma

3 (50%)
1 (16.6%)
1 (16.6%)
1 (16.6%)
0 (0%)
0 (0%)

3 (50%)
1 (16.6%)
1 (16.6%)
1 (16.6%)
0 (0%)
0 (0%)

2 (50%)
1 (25%)
1 (25%)
0 (0%)
0 (0%)
0 (0%)

Perforation
(n = 4)
3 (75%)
1 (25%)
0 (0%)
0 (0%)
0 (0%)

and perforation was much higher in the large intestine
group.
Etiology of bowel ischemia, necrosis, and perforation
in the small bowel obstruction group, the large bowel
obstruction group, and the total study group is presented
in Table 5, Table 6 and Table 7, respectively. Incarcerated
hernias were the cause in the vast majority of the small
bowel obstr uction group, that presented ischemia,
necrosis, and perforation, while adhesions were the
second most frequent cause. Regarding the large bowel
obstruction group, large bowel cancer, adhesions, and
hernias constituted the most common causes. Finally, in
the total group, hernias, large bowel cancer, and adhesions
were the most frequent causes of bowel ischemia, necrosis,
and perforation. It was notable that bowel ischemia was
reversible in half of the cases with obstruction due to
incarcerated hernias justifying, thus, immediate operative
intervention in these patients.
With regard to the risk of strangulation, a significantly
much higher risk was noticed in incarcerated hernias than
all the other obstruction causes. Of the 22 patients with
acute mechanical bowel obstruction caused by incarcerated
hernias, 12 (54.6%) had bowel ischemia, 6 (27.3%) had
necrosis, and 4 (18.2%) had sustained perforation. On
the contrary, only 3 (3.1%) of the 97 cases with adhesive
obstruction presented ischemia and necrosis, and 2
(2.1%) had perforation. Additionally, out of 20 patients
with obstruction due to large bowel cancer, 4 (20%)
had ischemia, 3 (15%) had necrosis, and 2 (10%) had
perforation.

DISCUSSION
Acute mechanical bowel obstruction remains a frequently
encountered problem in abdominal surgery and a common
surgical emergency [1,2] , which is a frequent cause of
admissions to hospital emergency surgical departments[2,4].
The majority of our study group presented with acute
mechanical small bowel obstruction. This has also been
found in other studies with small bowel obstruction
accounting for about 80% of total obstruction cases[9,20,21].
Regarding clinical presentation of our patients, absence
of passage of flatus and/or feces were the most frequent
presenting symptoms and abdominal distension was the
most common physical finding on clinical examination.
Additionally, vomiting, nausea, colicky abdominal pain,
and abdominal discomfort were frequent symptoms on
arrival. Our results, even though some differences are
noticed, are in accordance with the literature[6,12,13,22,23].

Table 7 Etiology of bowel ischemia, necrosis, and perforation
(total study group, n = 150) n (%)
Cause

Ischemia
(n = 21)

Necrosis
(n = 14)

Perforation
(n = 8)

Hernia
Large bowel cancer
Adhesions
Small bowel volvulus
Sigmoid volvulus
Small bowel tumor
Retroperitoneal tumor
Ovarian cystadenocarcinoma

12 (57.2%)
4 (19.1%)
3 (14.3%)
1 (4.7%)
1 (4.7%)
0 (0%)
0 (0%)
0 (0%)

6 (42.8%)
3 (21.4%)
3 (21.4%)
1 (7.2%)
1 (7.2%)
0 (0%)
0 (0%)
0 (0%)

4 (50%)
2 (25%)
2 (25%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

Particularly, Cheadle et al[6] reported abdominal pain (92%),
vomiting (82%), abdominal tenderness (64%), and
distention (59%) as the most frequent symptoms and signs,
whereas abdominal distension, bilious vomiting, absolute
constipation and abdominal pain were the main signs and
symptoms in another series[12]. Perea et al[13] prospectively
studied 100 patients with adhesive small bowel obstruction
and found that the presenting symptoms were vomiting
(77%), colicky abdominal pain (68%), absence of passage
of flatus and/or feces (52%), and constant pain (12%),
whereas abdominal distension constituted the most
frequent clinical sign with a prevalence of 56%. In a study
of patients with bowel obstruction due to large bowel
volvulus, the most common sign of sigmoid volvulus
was distension (79%) and the most frequent symptoms
were pain (58%) and obstipation (55%), whereas most
patients with cecal volvulus presented with pain (89%)[22].
Furthermore, in a review of cases with obstruction because
of small and large bowel intussusception, abdominal pain,
nausea, vomiting, and abdominal distension were the
commonest symptoms and signs, respectively[23].
Adhesions, incarcerated hernias, and large bowel
cancer constitute the most frequent causes of obstruc
tion[3,4,9,11,14,16,17,20,21,24-30]. This finding was also noticed in
our study. Moreover, adhesions were the most prevalent
etiology of obstruction in the small bowel obstruction
group and the total study group and the second most
common etiolog y in the large bowel group. Several
studies postulate that adhesions are responsible for
32%-74% of bowel obstruction and are the leading cause
of small intestinal obstruction representing 45%-80% of
it[1-4,7,9,14,17,20,24-26,28-30]. The vast majority (65%-90%) of the
patients with adhesive obstruction have undergone previous
abdominal operations[6,13,14,18,19,26,28,29]. In the present study,
www.wjgnet.com
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this was observed in all such patients. As for the types of
previous operations in our study patients, appendectomies,
gynecological operations, cholecystectomies, and large
bowel cancer resections were more prevalent. This is also
in accordance with the literature[2,18,19,28,29]. Even though
the appropriate management of adhesive obstruction is
still controversial, a substantial share of these patients,
ranging from 35% to 75% in several studies, can safely
and effectively be treated with nonoperative management
as it was also shown in our patients[2,3,9,12,16-19,24,28-30]. The
increasing role of adhesions as a cause of acute intestinal
obstruction demands greater need for routine preventive
measures against adhesion formation [14]. A number of
intraoperative measures are now encouraged during
elective abdominal surgery to reduce the incidence of
adhesions that might subsequently produce intestinal
obstruction[1].
As it was also observed in our study, large bowel
cancer, particularly sigmoid cancer, is the most common
etiology of obstruction in patients with large intestinal
obstruction with a prevalence of 40%-90%[9,10,14,21]. The
majority of such patients in our study were operatively
treated. Moreover, incarcerated hernias were the second
most common etiology of obstruction as well as the
predominant cause of bowel ischemia, necrosis, and
perforation. It should also be emphasized that bowel
ischemia was reversible in half of our cases with
obstruction due to incarcerated hernias justifying, thus,
immediate surgery in these patients. Since abdominal
hernias continue to account for 8%-25% of all cases of
intestinal obstruction[1,4,14,17,20,24,26,30], while in a few series
represent the most common cause of intestinal obstruction
accounting for 30%-55%[11,16,21,27], and, moreover, they still
remain the most common cause of strangulation[1,4,11,17,21,24,27],
surgeons should continue their aggressive attitude towards
elective repair of all abdominal hernias as well as towards
immediate operative intervention in patients with acute
mechanical bowel obstruction secondary to incarcerated
hernias.
Other less common causes of obstruction reported
in the literature are Crohn’s disease[3,17,20] and gallstones[21],
accounting for 3%-7% and 2% of small bowel obstruction
cases, respectively, and bowel volvulus[14,15,20,24] and intussus
ception[14,20,25], accounting for 4%-15% and 4%-8% of total
obstruction cases, respectively. In our series, the prevalence
of Crohn’s disease and bowel volvulus was much lower,
whereas no case of obstruction due to gallstone or
intussusception was observed.
An important share of our patients was successfully
nonoperatively treated. This was more prevalent regarding
adhesive small bowel obstruction. This has also been
noticed in other studies[2,3,9,12,16-19,24,28-30]. Similar to other
studies [12,24] , of those patients that were operated, a
substantial proportion required immediate operation.
Much attention should be paid to the treatment of
these patients since the incidence of bowel ischemia,
necrosis, and perforation is significantly high. Strangulation
rate in the literature ranges from 7% to 42%[4,8,12,17,24,26,28]. In
addition, Kossi et al[18] reported an incidence of ischemia
of 20%, of necrosis of 8%, and of perforation of 2%. In
regard to the risk of strangulation in the present study, a
www.wjgnet.com
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significantly much higher risk was noticed in incarcerated
hernias in comparison to all the other obstruction causes.
Moreover, the incidence of bowel ischemia, necrosis, and
perforation in adhesive obstruction was very low. These
results have been also described in other studies[1,4,11,17,21,24,27].
In our study, complication and mortality rate were
relatively low. In the literature, complication rate ranges
from 6% to 47%[6,20,25,27,31,32] whereas mortality ranges from
2% to 19%[4,6,11,14,17-20,24-27,31,32].
In general, appropriate treatment of acute mechanical
bowel obstruction as well as timing of surgery for patients
selected to undergo operative intervention still remain
controversial [1-3,10,17,19]. Management of this condition
requires careful assessment and awareness while the
appropriate treatment needs to be tailored to the individual
situation[10,19]. Furthermore, no specific factors that may
predict success of conservative or surgical management
have been identified [19] . Although modern surgical
management continues to focus appropriately on avoiding
operative delay whenever surgery is indicated, not every
patient is always best served by immediate operation. As it
was also proved in the present study, certain entities, such
as bowel obstruction secondary to incarcerated abdominal
wall hernia, and patients with clinical signs and symptoms
suggestive of strangulation do require prompt operative
intervention[1,3,16,17]. Other conditions, however, such as
postoperative adhesions, particularly in patients with
numerous previous abdominal procedures or concomitant
medical problems, often justifiably benefit from a trial
of nonoperative management[1-3,9,16-18,28-30]. A substantial
portion of these patients was successfully conservatively
treated in our study. As it was also shown in this study,
the risk of strangulation with adhesive bowel obstruction
is significantly lower as compared to incarcerated
hernia[1,4,17,24].
Strangulated obstruction requires emergency surgery,
and early recognition is often life-saving since delay
in treatment is an independent predictive factor of
mortality and, in addition, bowel strangulation is an
independent predictor of complication and, even more,
of mortality while the mortality rates of patients with
strangulated obstruction are two to 10 times higher
than those of patients with non-strangulated obstructi
on [4,6,10,11,12,14,16,17,31]. Moreover, accurate early recognition
of intestinal strangulation in patients with mechanical
bowel obstruction is important to allow safe nonoperative
manag ement of carefully selected patients [1,2,7,8] .
Traditionally, such recognition is based on the presence of
one or more of the classical signs: vascular compromise,
continuous abdominal pain, fever, tachycardia, peritoneal
signs on physical examination, leukocytosis, and metabolic
acidosis [7,8] . Close and careful clinical evaluation, in
conjunction with laboratory and radiologic studies, is
essential for the decision of proper management of
patients with acute mechanical bowel obstruction; if
any uncertainty exists, prompt operative intervention is
indicated[1]. It should be emphasized, though, that great
caution should be taken for the management of these
patients since studies have shown that preoperative
diagnosis of bowel strangulation cannot be made or
excluded reliably by any known clinical, laboratory, or
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radiologic parameter, combinations of parameters, or by
experienced clinical judgement[7-9].
In conclusion, absence of passage of flatus and/or
feces and abdominal distension are the most common
symptoms and physical finding of patients with acute
mechanical bowel obstruction, respectively. Adhesions,
hernias, and large bowel cancer are the most common
causes of obstruction as well as of bowel ischemia,
necrosis, and perforation. Although an important share of
these patients can be safely and effectively nonoperatively
treated, particularly those with adhesive obstruction,
a substantial portion requires immediate operation.
Moreover, the risk of strangulation is significantly higher in
incarcerated hernias than other obstruction causes. Great
caution should be taken for the treatment of patients with
acute mechanical bowel obstruction since the incidence of
bowel ischemia, necrosis, and perforation is significantly
high. Further studies are necessary in order to determine
appropriate management for treatment of these patients
as well as to identify accurate early predictors of success
of conservative or operative treatment and, particularly,
of intestinal strangulation giving the greatest attention to
reversible ischemia.
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Abstract
AIM: To assess whether depression and anxiety are
more expressed in patients with the first episode of
inflammatory bowel disease (IBD) than in individuals
with newly discovered cancer of the colon (CCa).
METHODS: A total of 32 patients with IBD including 13
males and 19 females, aged 27 to 74, and 30 patients
with CCa including 20 males and 10 females, aged 39-78,
underwent a structured interview, which comprised
Hamilton’s Depression Rating Inventory, Hamilton’s
Anxiety Rating Inventory and Paykel’s Stressful Events
Rating Scale.
RESULTS: Patients of the IBD group expressed both
depression and anxiety. Depressive mood, sense of
guilt, psychomotor retardation and somatic anxiety were
also more pronounced in IBD patients. The discriminant
function analysis revealed the total depressive score
was of high importance for the classification of a newly
diagnosed patient into one of the groups.
CONCLUSION: Newly diagnosed patients with IBD
have higher levels of depression and anxiety. Moreover, a
psychiatrist in the treatment team is advisable from the
beginning.
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INTRODUCTION
Patients with inflammatory bowel disease (IBD-the
common term which comprises Crohn’s disease and
ulcerative colitis) and cancer of the colon often report
serious psychological and emotional morbidities[1,2]. Though
specific pathophysiological links between psychiatric
disorders such as depression or anxiety and inflammatory
bowel disease have largely been discredited [3,4], little is
known about the influences of depression and anxiety on
the ongoing adaptation that these patients make to the
aversive symptoms of their chronic disease[5]. It is almost
impossible to tell whether the psychiatric discomfort
influences the severity of the gastrointestinal symptoms or,
conversely, could gastrointestinal symptoms aggravate the
psychiatric status. Stressful life events and psychological
distress have been shown in patients without IBD to
be associated with common bowel symptoms such as
irregularity, gas and bloating, and abdominal pain, often
labeled as irritable bowel syndrome or functional bowel
diseases[6,7].
This study presents pilot data in which we sought to
investigate the effects of common psychiatric illnesses
(i.e., anxiety and depression episodes) on the appearance
and functional disability in 32 first episode, therapy-naïve
patients with IBD, and 30 patients with newly diagnosed
cancer of the colon. We hypothesized that the presence
and intensiveness of one or both current psychiatric
disorders (depression and anxiety) have a higher impact on
the appearance of one of the diseases of interest. Also, we
attempted to estimate the eventual difference of the initial
levels of the psychological suffers, and which one, if not
both, of the two groups of patients requires the routine
preliminary psychiatric evaluation prior to the beginning
of gastroenterological treatment.
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MATERIALS AND METHODS
Setting
This study is a subset of a larger investigation of 71
patients with the first episode of IBD and 40 patients with
newly diagnosed cancer of the colon (CCa), out of which

Filipović BR et al . Depression and anxiety in IBD and CCa patients

32 patients with IBD (21 with ulcerative colitis [UC] and
11 with Crohn’s disease [CD]), 13 (8 with UC and 5 with
CD) males and 19 females (13 with UC and 6 with CD),
aged 27 to 74 years (49.16 ± 16.58) and 30 patients with
CCa, 20 males and 10 females, aged 39-78 years (63.47 ±
9.14) met with the recruiting criteria and were included
in the study. The study was conducted at the Department
of Gastrointestinal Surgery, Clinical Center of Serbia,
and Department of Gastroenterohepatology, Clinical and
Hospital Center “Bezhanijska Kosa”. All patients of 18
years old or over attending the Gastroenterology Clinics
and Gastrointestinal Surgery Department from March to
October 2003 who presented symptoms common for IBD
and CCa: blunt abdominal pain, rectorrhagia and diarrhea
syndrome on the first visit, were eligible for the study. The
participating gastroenterologist or gastrointestinal surgeon
(M.K. T.R., and B.F.F.) screened the clinic appointment
schedule each morning and directly communicated with
the other staff gastroenterologists or surgeons on a daily
basis to recruit their patients into the study. Patients were
interviewed at the end of their medical appointments or
at a more convenient time, no later than 2 d from their
medical visits or admission to hospitals. Only patients
who satisfied all the recruiting criteria were selected for
the study. The results of the interviews were matched
with the final diagnosis, but no matched pair procedure
between groups was used. The entire testing was designed
and supervised by the psychiatrist (BRF). The study was
approved by the Ethical Committee of the School of
Medicine, Belgrade.
Recruiting criteria
The patients included in the study met the following
criteria: No previous treatment for one of the diseases
of interest; a negative family history of IBD and CCa; no
previous treatment for any psychiatric illness or disorder;
no self-medications for any kind of gastrointestinal or
psychiatric illnesses; weight loss not surpassing 5 kg
in the last month and they were not under weight loss
regimes; radiographs of the lungs and ultrasonographic
examination (N.M. M.K. and B.F.F.) of the abdominal
and pelvic cavities free of metastasis and anatomical
abnormalities; no surgical intervention in past three
years; no abdominal or any kind of mutilating surgical
intervention; not treated for any kind of malignancy; not
suffering from an immunodeficiency disease, especially
human immunodeficiency virus infection or systemic
lupus; a negative history of bowel inflammation caused
by infectious agents in last one year; and hepatitis B (HBs)
or hepatitis C negativity. The definitive diagnosis was
confirmed after immediate endoscopy-guided biopsy and
subsequent histopathological examination. During the
interview, 39 IBD patients were found to be unsuitable
while 10 patients with colorectal cancer were omitted from
further investigation. The difference was caused by more
pronounced sincerity in answers during the admittance and
higher motivation to be part of the study among patients
with CCa.
Structured interview
All the patients, after being informed in detail about
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the study and signing a written consent, underwent the
structured psychiatric interview, which involved Hamilton’
s depression inventory consisting of 21 items [8] and
Hamilton’s anxiety inventory consisting of 14 items [9].
Results were interpreted using Hamilton’s depression and
anxiety rating scales. All the items were rated in 5 grades:
0, absent; 1, mild; 2, moderate; 3, severe; 4, incapacitating
(some items, like insomnia, hypochondriasis, diurnal mood
variations, insight into the illness and obsessive-compulsive
symptomatology are only graded in three levels: 0, absent;
1, doubtful or trivial; 2, present). Usually, Hamilton
depression and anxiety inventories contain items related
to gastrointestinal symptoms and weight loss. This time
they were omitted because the mentioned symptomatology
is part of the illness. Interpretation of the total score of
Hamilton’s depression rating scale is: less than 8, without
depression; 9-17, mild depression; 18-24, moderate
depression; higher than 24, severe depression requiring
hospitalization. According to the Hamilton’s anxiety rating
scale, persons with generalized anxiety disorder and panic
disorder tended to have a total anxiety score of above 20.
The 61 item-Paykel’s scale for stressful events[10] was used
to evaluate the possible influence of different life events
in the past one-year period on the appearance of the
diseases of interest. The interview was performed by three
previously trained interns in psychiatry as part of their
professional educations in liaison psychiatry. All the testing
was conducted in Serbian language, and priory to the final
diagnosis was reported to the patient. To the moment, the
definitive diagnosis was available only to the relevant intern
and surgery specialists (B.F.F., M.K., N.M. T.R.).
Clinical evaluation
Index of the activity for patients of the IBD group was
computed according to the standard procedures for
patients with newly diagnosed CD and UC. For patients
with CD, a routine Crohn’s disease activity index (CDAI)[11]
comprising eight items was categorized as follows: (1)
Number of liquid or very soft stools in one week × 2; (2)
Sum of seven daily abdominal pain ratings (0: none; 1:
mild; 2: moderate; 3: severe) × 5; (3) Sum of seven daily
ratings of general well-being (0: well; 1: slightly below par;
2: poor; 3: very poor; 4: terrible) × 7; (3) Symptoms or
findings probably related to CA (arthritis or arthralgia, iritis
or uveitis, erythema nodosum, pyoderma gangrenosum,
aphthous stomatitis, anal fissure, fistula or perirectal
abscess, other bowel-related fistula, febrile episodes over
37.8℃ during the past week) × 20; (4) Taking Lomotil® or
opiates for diarrhea (yes or no) × 30; (5) Abnormal mass (0:
none; 0.4: questionable; 1: present) × 10; (6) Hematocrit
(normal average: male, 47, female, 42), obtained values
should be subtracted from the average. Score is multiplied
with 6; (7) Body weight: 100 × [1 - actual body weight/
standard weight], where standard weight is computed from
the tables using the body height and age of the patients;
(8) Active phase of CD takes values between 220 and 450.
Average index in our group was 289.84 ± 45.37 (221-375).
For UD activity index, a modified Ulcerative Disease
Scoring System[12] was used: (1) Stool frequency (0: normal
number; 1: 1-2 stools more than normal; 2: 3-4 stools
www.wjgnet.com
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Table 1 Expression of the depression symptoms according to the results from Hamilton’s Depression Inventory (IBD/CCa)
Symptom

0

Depressive mood
2/9
Guilty feelings
15/23
Suicide
28/29
Early insomnia
17/10
Transitory insomnia
15/11
Late insomnia
18/12
Work and life activities
13/17
Retardation psychomotor
17/21
Agitation
6/13
Anxiety-psychological
5/14
Anxiety-somatic
14/10
Hypochondriasis
28/28
Insight into the presence of the illness
13/8
Diurnal variations of the mood
13/15
Depersonalization and derealization,
24/29
presence of the nihilistic ideas
Paranoid ideas
30/29
Obsessive-compulsive symptomatology
29/29
Mean score ± SD
Centroids: IBD = 0.513, CCa = - 0.547
Section point (average of the centroids) = -0017

1

2

3

4

3/8
0/4
2/10
3/11
3/7
5/7
4/9
4/9
5/8
7/8
4/1
17/6
9/13
5/1

7/8
5/3
2/0
13/10
14/8
11/11
5/3
7/0
4/6
1/4
2/10
0/1
2/16
10/2
1/0

6/3
6/0
-

14/2
6/0
2/1

7/3
2/0
9/2
12/4
6/2

2/0
2/0
9/0
9/0
3/0

2/0

-

0/1
1/1

2/0
2/0

more than normal; 3: 5 or more stools than normal). Each
subject reported his/her degree of abnormality of the
stool frequency. (2) Rectal bleeding (0: no blood; 1: streaks
of blood with stools less than half the time; 2: obvious
blood with stools most of the time; 3: blood alone passed).
The daily bleeding score represents the most severe
bleeding of the day. (3) Modified Baron Score for findings
of endoscopy (0: normal or non-inflamed mucosa; 1: mild
disease-erythema, decrease vascular pattern, mild friability;
2: moderate-marked erythema, absent vascular pattern,
friability, erosions; 3: Severe-spontaneous bleeding,
ulcerations). (4) Physician’s global assessment: 0: normal; 1:
mild disease; 2: moderate; 3: severe. The physicians’ global
assessment acknowledges three other criteria, the subject’s
daily record of abdominal discomfort and general sense
of well-being, and other observations, such as physical
findings and subject’s performance status. Rating of the
severity: 1-5, mild; 6-10, moderate; 11, severe. Average UC
activity index in our study group was 8 ± 2 (range, 5-12).
Clinical evaluation of cancers was performed by TNM
classification as follows: Stage Ⅰ (T2 N0 M0), 18 cases;
Stage Ⅱ (T3 N0 M0), 10 cases; Stage Ⅲ (T3 N1 M0), 1
case and T3 N2 M0, 1 case. Indices were compared to
the total scores of depression and anxiety rating scales in
order to investigate the eventual correlation between them.
Statistical analysis
After coding, all the answers were systematized in the
common database, and the following statistical analyses
were performed: The Kolmogorov-Smirnoff Z test was
used to evaluate distribution of the data. The results were
satisfactory: all the values belonged to normal distribution,
which made them adequate for the subsequent statistical
testing. Besides usual parameters of central tendency
(descriptive statistics: mean, standard deviation [SD],
extreme values); Pearson’s Chi-square test and Fisher’s
exact probability test were used to reveal the differences in
www.wjgnet.com

Statistical analysis
2
χ = 16.75, DF = 4, P = 0.002
2
χ = 18.14, DF = 4, P = 0.001
2
χ = 2.28, DF = 2, P > 0.05
2
χ = 4.48, DF = 2, P = 0.024
2
χ = 6.77, DF = 2, P = 0.034
2
χ = 2.74, DF = 2, P > 0.05
2
χ = 4.91, DF = 4, P > 0.05
2
χ = 13.29, DF = 4, P = 0.01
2
χ = 18.31, DF = 4, P = 0.01
2
χ = 19.71, DF = 4, P = 0.01
2
χ = 11.04, DF = 4, P < 0.05
2
χ = 2.738, DF = 2, P > 0.05
2
χ = 17.29, DF = 4, P < 0.001
2
χ = 2.738, DF = 2, P > 0.05
2
χ = 6.08, DF = 3, P > 0.05

2
χ = 2.96, DF = 2, P > 0.05
2
χ = 1.94, DF = 2, P > 0.05
18.56 ± 877/10.83 ± 5.26; t = 4.17, DF = 60, P < 0.001
Equation for the selection: -2.033 + 0.137 × total depressive score

-

-

attributive values. Student’s t test for independent samples
was applied to evaluate possible differences in parametric
data. The Pearson’s bivariate correlation was used to
investigate the interconnection between the depression
and anxiety scores and in-group’s life span. This test was
enforced by the difference in average life span between
groups, mostly dependent on the nature of the very
illness: 49.16 ± 16.58 for persons in IBD groups and 63.47
± 9.14 for persons with CCa (t-test = -5.094, degrees
of freedom [DF] = 30, P < 0.01). No correlation was
obtained whatsoever r = -0.225, N = 62, P > 0.05, for the
depression score, and r = -0.149, N = 62, P > 0.05, for the
anxiety score. The same test was used to correlate the IBD
activity indices with total scores of depression and anxiety
questionnaires. Discriminant function analysis (DFA) was
used to determine which variable(s) discriminate between
two groups: IBD and CCa. Centroids are mathematically
derived grouping values whereas the section point between
groups used the average of the centroids. The entire
testing was performed at 95% level of confidence.

RESULTS
Depression levels
Differences in the levels of the depression symptoms are
shown in Table 1. The main difference was found in the
intense of the depressive mood and in the sense of guilt,
which were significantly higher in the group with IBD.
Also, IBD patients expressed problems with early and
transitory insomnia and had a poorer ability to focus their
attention on various activities and manual or intellectual
work, which resulted in slow down in everyday activities.
Agitation, anxiousness, early and transitory insomnia
and somatic symptoms were more pronounced in the
IBD group, likewise. On the other hand, awareness that
something is going wrong with them was expressed in
CCa patients. Twenty-two out of 32 patients with IBD and
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Table 2 Expression of the anxiousness symptoms according to the Hamilton’s Anxiety Rating Inventory (IBD/CCa)
Symptom
Anxious mood-greed, hopelessness
Tension
Fears: dark, loneliness, animals
Intellectual impairments-memory problems, difficulties in
communication
Depressive aspect
Somatic symptoms: muscular symptoms, sensory
symptoms-tinnitus, blurred vision, attacks of heath,
itching, etc., cardiovascular symptoms-tachycardia,
palpitations, sense of pulsing, irregularities in heart
actions, respiratory symptoms, urogenital symptoms
Neurovegetative symptoms-face blushing, mouth dryness,
vertigo, sweating
Behavior during the interview-restlessness, agitation,
walking around, frowned face, tense, sobbing, accelerated
breathing, pallor, gulping and belching, vivid muscular
reflexes, jerks, dilated pupillae, exophthalmus
Mean score ± SD

0

1

2

3

4

4/9
4/7
19/26
18/22

1/8
1/8
2/1
6/4

6/5
6/5
4/2
5/4

10/5
10/9
7/0
3/0

11/3
11/1
0/1
-

5/15
16/9

3/4
3/3

4/8
7/10

6/1
2/7

20/18

1/6

7/6

4/0

-

4/10

0/5

8/13

10/0

10/0

Statistical analysis
2
χ = 13.55, DF = 4, P = 0.009
2
χ = 14.69, DF = 4, P = 0.005
2
χ = 10.03, DF = 4, P = 0.04
2
χ = 3.85, DF = 3, P > 0.05
2
χ = 19.003, DF = 4, P = 0.002
2
χ = 7.01, DF = 4, P > 0.05

2/14
4/1

2
χ = 7.7, DF = 4, P > 0.05
2
χ = 24.06, DF = 4, P < 0.001

16.22 ± 7.42/9.73 ± 6.03; t = 3.76, DF = 60, P < 0.01

5 CCa patients could be considered seriously depressive
because their total score surpassed the accepted limit of
16 points (F-test: P = 4.02 × 10-5). A correlation between
IBD activity indices and the depression total score was not
revealed: For CD, r = 0.39, df = 17, P > 0.05; for UC, r
= 0.004, df = 10, P > 0.05. The TNM system for cancer
staging was not adequate for any kind of correlation testing.
Anxiousness levels
The trend disclosed in the depression evaluation remained
when the anxiousness level was analyzed (Table 2):
Patients with IBD expressed higher levels of anxiousness,
nervous tension and susceptibilities to different kinds of
fears. Despite the absence of significant differences in
neurovegetative symptom intensity, the behavior of IBD
patients exhibited more pronounced neurotic components:
vivid facial mimics and gesticulation, gulping and belching
during the conversation, with occasional staring into the
examiner, associated with intermittent jerks of facial
muscles and musculature of the extremities (not the ticks).
The total anxiousness score did not correlate with IBD
activity indices: for CD, F = 0.06, df = 17, P > 0.05; for
UC, F = 0.013, df = 10, P > 0.05.
Paykel’s scale for stressful events
Evaluation of the impacts of events, mostly stressful
ones, on the appearance of either IBD or CCa showed
no significant differences between the groups (Table 3).
Financial difficulties, major or minor, dominated among
stressors. The necessities for hospitalization of one of the
family members seemed to bother more people who had
cancer than those with IBD, while separation from a close
person seemed to influence more IBD patients. On the
other hand, only three patients of the IBD group and six
from CCa group had no stress events at all in the past one
year.
Discriminant function analysis (DFA)
This analysis was used to investigate whether one of the
obtained parametric values (total scores of depression

Table 3 Major stressful events (revealed in five or more persons
in at least one of the groups) in IBD and CCa suffering patients
according to the Paykel’s scale
Event
Death of family members
Major financial difficulties
Business failure
Hospitalization of the family
member due to serious illnesses
Frequent argues with parents
Separation from close person
Death of close friend
Minor financial difficulties
Mild organic illness
No stressful events at all

IBD group (n )

CCa group (n )

8
12
5
4

7
10
2
8

5
7
3
9
4
3

0
2
5
8
7
6

2
χ = 12.83, DF = 9, P > 0.05.

and/or anxiety) possessed a predictive potential, i.e. could
it be used for classification of a newly discovered case into
one of the groups of interest. This analysis delineated total
depressive score as such a parameter that an equation for
an a priori selection was computed (Table 1). Application
of this equation to our samples showed 79.04% of
accuracy (13 out of 62 cases were inadequately classified).
The main problem was represented by the patients with
IBD and low depressive scores and, vice versa, CCa patients
with high depressive scores. Nonetheless, almost 80% of
correctly classified patients were quite satisfactory for the
accuracy of the DFA equation.
Finally, no gender-based and in-group differences
between patients with UC and CD were obtained.

DISCUSSION
In this interview-based case-control study we intended to
investigate how great the impact of anxiety and depression
was on patients with IBD and cancer of the colon. The
results suggested that psychological conditions influenced
the pathogenesis of IBD. The uncontrolled trial, relatively
www.wjgnet.com
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restrictive criteria and not very large sample limited the
interpretation of the results. Nevertheless, proclaimed
criteria were necessary to eliminate the influence of
the genetic factors, major surgery consequences and
other impacts on the appearance of IBD or CCa. The
difference in life span and gender between our groups
could be interpreted by the nature of the illnesses: IBD
has already been reported as an illness with slight female
predominance [13], while, according to epidemiological
studies, males have higher mortality rate of cancer of
the colon (8.4: 6.0/100 000 inhabitants)[14]. Surprisingly,
women smokers have milder forms of IBD and less need
for hemicolectomy[15]. Moreover, ethnic-based differences
in the prevalence of IBD exist as well, and it is higher
in Caucasians than in the Hispanic population of North
America[16].
Still, there are some dilemmas about emotional status
in IBD and CCa: one of the most frequent is: Could
the depression be of the reactive type and could the
symptoms of the gastrointestinal disease influence the
presence of emotional instability? Moreover, patients are
required to observe his/her own blood in the stool, in
addition to suffering the abdominal pain and tenderness.
Results of several studies have sug gested that IBD
patients more frequently suffer from psychiatric illnesses,
particularly depression and anxiety at a triple higher rate
than either the general population or patients with other
kinds of chronic illnesses [17-19] . Individuals with IBD
and similar bowel disorders experience a frequency of
depression that is triple those of the general population.
It is important for clinicians to assess depression and
suicidal ideation among their patients with active IBD
symptoms, particularly among those reporting moderate to
severe pain[20]. The results of some studies suggested that
psychoimmunological components might be involved in
the etiology of IBD[21,22], but such a possibility is relatively
uncertain due to the small relative risk for persons with
depression affected by IBD[21]. Some authors tried to link
the IBD occurrence with some personality traits[19,23], such
as neuroticism or introversion, but we did not examine
personality traits or disorders, thus we remained limited to
depression and anxiety as ICD-10 recognized diagnoses.
Nonetheless, emotional abuse, depression, self-accusing
and the sense of guilt, have already been reported to be
more common in women with irritable bowel syndrome[24],
and, according to our results, sense of guilt, which involves
self-blame as well, were emphasized in persons with
IBD[21]. On the other hand, judging from the data obtained
in this study, CCa patients had better insight into the illness
and this could be the reason why patients with IBD, to our
highly empiric observation, more frequently abandon the
therapy as soon as they get better, without the permit of
their gastroenterologists.
Recent studies showed that depression occurring
with the recurrence of IBD in chronic patients and with
anxiety and poor quality of health condition may exert a
negative influence on the course of IBD[25]. Furthermore,
some investigators reported simultaneous rise of CDAI
and depression rate, estimated by Beck’s depression self
rating scale during disease progression, an evaluation
independently confirms the lack of correlation between the
www.wjgnet.com
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clinical activity of the illness and the level of anxiety and
depression revealed by Hamilton’s rating scale, considering
the high correlation between two mentioned scales in
sensitivity for mood changes[26]. Also, antidepressants in
the therapy of IBD is suggested for two reasons: first,
the reduction of the depression and anxiety and, second,
but not less important, the pain relief[20,27]. Recent studies,
however, warn that the treatment with Selective seritonin
reuptake inhibitors (SSRIs) could increase the bleeding risk
in patients with IBD[28].
No difference in the impact of stressful events was
found in our study. According to the investigation using
Paykel’s scale published elsewhere, stressful events are
correlated with the major depression and generalized
anxiety disorder, but no specificities in life events could
be delineated[29]. We can speculate that stressful events
could indirectly influence the IBD occurrence, worsening
the depressive and anxiety symptoms that are undeniably
related to the presence of IBD. For CCa, genetic,
nutritional or environmental factors seem to be decisive,
while circumstances play an ambiguous and, probably, less
relevant role in its pathogenesis[30-32].
In conclusion, patients with newly obtained
inflammator y bowel disease have higher levels of
depression and anxiety, compared with individuals with
newly diagnosed colon cancer. The discriminant function
analysis reveals the total depression score as a parameter
of importance for the classification of a newly diagnosed
patient into one of the groups of interest. Our analysis
indicates that the psychiatrist should take part in the
treatment of IBD, although, according to our results, the
initial IBD activity indices show no correlation with the
depression or anxiety scores. On the other hand, events in
the past one year do not have a particular influence on the
occurrence of either inflammatory bowel disease or colon
cancer.

COMMENTS
Background

It has already been reported that the level of depression and anxiety is augmented
in patients with inflammatory bowel disease (IBD) and cancer of the colon (CCa).
The present study compares the level of anxiety and depression in therapy-naïve,
first episode IBD patients to those suffering from newly discovered CCa, using
Hamilton’s Depression Scale and Hamilton’s Anxiety Scale.
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Both IBD and CCa should be recognized as complex illnesses, especially IBD and
it is advisable that psychiatrists should be included in the team for the treatment.
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No comparison has been made between emotional states in IBD and CCa
suffering patients so far. The current study emphasizes the impact of depression
and anxiety on the appearance of IBD, rather than the formation of CCa.

Applications

Continual psychiatric evaluation is recommended in IBD suffering patients and
psychiatric treatment is necessary, parallel to the IBD medication in order to
restrict the depression and to improve the pain in IBD suffering individuals.
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This study compares anxiety and depression levels in patients with IBD and
patients with CCa. It is understandably written and discriminates certain reasons of

Filipović BR et al . Depression and anxiety in IBD and CCa patients
depression and anxiety in patients with IBD. The study is well designed and results
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CONCLUSION: Premedication with pronase or NAC at
20 min before UGI endoscopy improves the mucosal
visibility of the stomach. Neither pronase nor NAC
produces any obvious interference with the CLO test for
the identification of H pylori infection.
© 2007 The WJG Press. All rights reserved.

Key words: Pronase; N-acetylcysteine; H pylori;
Gastrointestinal endoscopy
Chang CC, Chen SH, Lin CP, Hsieh CR, Lou HY, Suk FM, Pan S,
Wu MS, Chen JN, Chen YF. Premedication with pronase or
N-acetylcysteine improves visibility during gastroendoscopy:
An endoscopist-blinded, prospective, randomized study.
World J Gastroenterol 2007; 13(3): 444-447

http://www.wjgnet.com/1007-9327/13/444.asp

Abstract
AIM: To assess the efficacy of premedicaton with
pronase or N-acetylcysteine (NAC) at 20 min before
upper gastrointestinal (UGI) endoscopy and to determine
whether pronase or NAC pretreatment influences the
reliability of the rapid urease test.
METHODS: A total of 146 patients were prospectively
and randomly assigned into the study groups according
to different premedications before endoscopy. One
endoscopist assessed mucosal visibility (MV) with scores
ranged from 1 to 4 at four sites in the stomach. The sum
of the MV scores from these four locations was defined
as the total mucosal visibility (TMV) score. Identification
of H pylori was performed using CLO test, histology, and
serology.
RESULTS: The Group with pronase premedication had
a significantly lower TMV score than did the groups with
gascon and gascon water (P < 0.001 and P < 0.01,
respectively). The group with NAC had a significantly
lower TMV score than the group with gascon (P <
0.01) and a trend of a lower MV score than the group
with gascon water (P = 0.06). The TMV score did not
significantly differ between the group with pronase
and the group with NAC (P = 0.39 and P = 0.14,
respectively). The sensitivity and specificity of the CLO
test were 92.5% and 93.9%, respectively, in groups
premedicated with pronase and NAC together.
www.wjgnet.com

INTRODUCTION
The 5-year survival rate for early gastric cancer exceeds
90% [1,2]. Western endoscopists are less successful than
Japanese endoscopists in the detection of gastric cancers
at an early stage. This is not because the Japanese
endoscopists detect the cancers by screening the
asymptomatic population. Even in Japan, most cases
are incidental findings of opportunistic screening at
endoscopy, and only 10% of gastric cancers are picked
up by screening program [3,4] . More than 50% of all
gastric cancers in Japan were found in an early stage but
probably fewer than 5% are in the West [5,6]. A singlecenter study in the UK reported that 13.5% patients (11
of 81 patients presenting with advanced gastric cancer)
supposed to be missed of early gastric cancer those who
had undergone endoscopy within the previous 2 years[7].
A diagnosis of early gastric cancer can be improved by
effective premedication with a defoaming agent during
upper gastrointestinal endoscopy. Dimethylpolysiloxane
(DMPS) is commonly used at most endoscopic centers to
eliminate bubbles and foam[8-10]. However, a lot of mucus
and bubbles can still be encountered with premedication
of DMPS during gastroendoscopy. Pronase is a proteolytic
enzyme isolated in 1962 from the culture filtrate of
Septomyces griseus which has already been used as a
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raw material to prepare anti-inflammatory and digestive
enzymes. In 1964, Koga and Arakawa used this enzyme
as a premedication for roentgenographic examinations
to remove gastric mucus [11] . Since then, Ida et al [12]
applied this enzyme to gastroendoscopy. Fujii et al[13] also
concluded that premedication with pronase improved
endoscopic visualization during conventional endoscopy
and chromoendoscopy. They recommended routinely
use of pronase for endoscopy is helpful. N-acetylcysteine
(NAC) is both a mucolytic agent and a thiol-containing
antioxidant. NAC, unlike some other bronchial mucolytics
such as carbocysteine and bromhexine, has been shown
in in vitro studies to change the viscoelastic properties
of gastric mucin [14]. In this study, we investigated the
effectiveness of premedications with DMPS only, DMPS
with water, DMPS with pronase, and DMPS with NAC on
the visibility during UGI endoscopy.
Pronase and NAC are both mycolytic agents. There
are two studies discussing about H pylori detection after
treatment with pronase and NAC [15,16] . Rapid urease
testing is most commonly used to identify H pylori during
the examination of UGI endoscopy. Therefore, we
also attempted to determine whether pronase or NAC
pretreatment influences the reliability of identifying
H pylori infection by the rapid urease test.

445
A
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Figure 1 Mucosal
visibility scores
evaluated during
UGI endoscopy. (A)
Score 1: No adherent
mucus on the gastric
mucosa; (B) Score
2: a small amount of
mucus on the gastric
mucosa without
obscuring the vision;
(C) Score 3: a large
amount of mucus on
the gastric mucosa,
which took less than
50 mL of water to
clear; and (D) Score
4: a large amount of
mucus on the gastric
mucosa, which took
more than 50 mL of
water to clear.

C

MATERIALS AND METHODS
Patients
From January to July 2005, 146 consecutive patients were
referred to our department for upper gastrointestinal (UGI)
endoscopy. We excluded those patients with previous
gastric surgery, gastric malignancy, corrosive gastric injury,
or gastrointestinal bleeding.
UGI endoscopic procedures were performed by a
single experienced endoscopist (Chang CC) between 9:00
am and 1:00 pm in the endoscopic room of Taipei Medical
University Hospital. Patients who consented to participate
in the study were randomly assigned to four different
oral liquid solutions for premedication before endoscopy.
All oral solutions were given around 20 min before UGI
endoscopy. The endoscope used was a GIF-Q240X video
endoscope (Olympus, Tokyo, Japan).
The patients were randomly divided into four groups
according to the treatment with oral liquid solutions.
Group A: 100 mg, 5 mL of DMPS (Gascon, Kisssi Corp.,
Matsumoto, Japan); Group B: 100 mg, 5 mL of DMPS
plus water up to 100 mL; Group C: 20 000 U pronase
(Pronase MS, Kaken Corp., Tokyo, Japan), 1.2 g sodium
bicarbonate, 100 mg, 5 mL of DMPS plus water up 100
mL water; and Group D: 400 mg N-acetylcysteine (Acetin,
Synmosa Corp., Taipei, Taiwan), 5 mL of DMPS plus
water up 100 mL.
The endoscopist was unaware of the kind of oral liquid
solution used for premedication for each patient before
UGI endoscopy. UGI endoscopy was performed to check
the mucosal visibility of the gastric antrum, the greater
curvature of the gastric lower body, the greater curvature
of the gastric upper body, and the gastric fundus. The
scores of mucosal visibility were classified from 1 to 4 and
this score was modified from Kuo et al[15] (Figure 1A-D).

D

Score 1: No adherent mucus on the gastric mucosa;
Score 2: little amount of mucus on the gastric mucosa but
no obscuring vision; Score 3: large amount of mucus on
the gastric mucosa, with less than 50 mL of water to clear;
Score 4: large amount of mucus on the gastric mucosa,
with more than 50 mL of water to clear. The sum of the
scores from the four locations was defined as the total
mucosal visibility score (TMVS).
The rapid urease test using the Campylobacter-like
organism test (CLO test; Delta West, Perth, Australia), the
www.wjgnet.com
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Category

Group A

Number (n)
39
Age (yr)
44.4 ± 14.2
Gender (M:F)
18:21
Indication
Cancer screening
9
Dyspepsia
20
Acid regurgitation
10

Group B

Group C

Group D

35
44.1 ± 14.4
18:17

34
47.8 ± 13.9
16:18

39
48.7 ± 16.5
18:21

9
17
9

7
18
9

10
22
7

No significant difference between each two groups. Group A received
dimethylpolysiloxane, group B received dimethylpolysiloxane plus water,
group C received pronase, sodium bicarbonate, and dimethylpolysiloxane
plus water, and group D received N-acetylcysteine and dimethylpolysiloxane
plus water.

Table 3 CLO test for H pylor detection in groups C and D
Category
Positive CLO test
Negative CLO test

H pylori -positive

H pylori -negative

37
3

2
31

P < 0.05 by Chi-square test.

histologic examination for H pylori using hematoxylin-eosin
staining during the UGI endoscopy and serum anti-H
pylori IgG were carried out to determine the presence of
infection by H pylori. H pylori infection was considered
when two of the three tests were positive.
Statistical analysis
The demographic characteristics were assessed using a chisquare test or one-way analysis of variance. The visibility
scores for the four groups were assessed using one-way
analysis of variance with Tukey’s multiple comparisons.
The correlation of the results of the CLO test was
analyzed using a chi-square test. The results were expressed
as mean ± SD. P < 0.05 was considered statistically
significant.

RESULTS
Of 147 patients (70 men and 77 women), 39, 35, 34, and
39 patients were randomly placed in groups A, B, C, and D,
respectively. The demographic data of patients are shown
in Table 1. The mean (± SD) ages of groups A, B, C, and
D were 44.4 ± 14.2, 44.1 ± 14.4, 47.8 ± 13.9, and 48.7
± 16.5 years, respectively. The ratios of males to females
among groups A, B, C, and D were 1:1.1, 1:0.9, 0.9:1 and
1:1.1, respectively. There was no significant statistical
difference between any pair of groups for age or the
gender ratio.
The means of the TMV score among groups A, B,
C, and D were 8.2 ± 3.1, 7.6 ± 2.6, 5.8 ± 2.3, and 6.5 ±
2.2, respectively. Group C had a significantly lower TMV
score than groups A and B (P < 0.001 and P < 0.01,
respectively). Group D also had a significantly lower TMV
score than group A (P < 0.01) and a trend of a lower
TMV score than group B (P = 0.06) (Figure 2). The TMV
www.wjgnet.com
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Table 2 Mucosal visibility scores at different locations of the
stomach (mean ± SD)

Table 1 Demographic characteristics of patients

Antrum

Group A
Group B
Group C
Group D
Total

1.74 ± 0.91e,g
1.49 ± 0.82e,g
1.18 ± 0.63a,c
1.21 ± 0.52a,c
1.41 ± 0.77

Greater curvature Greater curvature
of the upper
of the lower
gastric body
gastric body
2.18 ± 1.14e,g
1.89 ± 0.87e,g
1.38 ± 0.78a,c
1.77 ± 0.90a,c
1.82 ± 0.95

2.92 ± 1.06c,e,g
2.49 ± 0.82a,e
2.06 ± 0.89a,c
2.33 ± 0.79a
2.46 ± 0.94

Fundus

1.38 ± 0.67c,e,g
1.80 ± 0.80a,e
1.21 ± 0.41a,c
1.28 ± 0.67a,c
1.41 ± 0.69

There were significant differences in mucosal visibility scores in the upper
gastric body when compared to the antrum, lower gastric body, and fundus.
a
P < 0.05 vs group A; cP < 0.05 vs group B; eP < 0.05 vs group C; gP < 0.05
vs group D. (a, c, e, g: one-way analysis of variance and Tukey’s multiple
comparison).

Total mucosal visibility
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10
8
b

6

a, d

4
2
0

Group A

Group B

Group C

Group D

Figure 2 Total mucosal visibility score of each group. bP < 0.01 vs groups A and B;
d
P < 0.01 vs group A, aP = 0.06 vs group B.

score did not significantly differ between groups A and
B or between groups C and D (P = 0.39 and P = 0.14,
respectively). The visibility score of each location of the
stomach and TMV score for each group are shown in
Table 2.
The scores of mucosal visibility at different locations
in all patients were 1.4 ± 0.7 at the gastric fundus, 2.5 ± 0.9
at the greater curvature of the upper gastric body, 1.8 ± 0.9
at the greater curvature of the lower gastric body, and 1.4
± 0.7 at the gastric antrum. A significantly poorer visibility
score of the greater curvature of the upper gastric body
compared to that of the gastric fundus, the greater
curvature of the lower gastric body, and the gastric antrum
was noted (all P < 0.05). In addition, the greater curvature
of the lower gastric body had a significantly poor visibility
score than did the gastric fundus and the gastric antrum
(both P < 0.05). There was no significant difference of
mucosal visibility score between the gastric antrum and the
gastric fundus.
According to the effect of pronase and NAC on
the reliability of the CLO test for identifying H pylori
infection (Table 3), 68 of 73 patients had matching results
between the CLO test and H pylori infection (P < 0.05).
The sensitivity and specificity were 92.5 % and 93.9%,
respectively.

DISCUSSION
For better visualization of the gastric mucosa, decreasing
the amount of mucus and bubbles is very important during
UGI endoscopy. Adequate premedication can eliminate

Chang CC et al . Pronase or N-acetylcysteine improves visibility

the need to carry out flushing during the procedure.
In Japan, pronase is widely used as a mucolytic agent
before gastrointestinal endoscopy. A randomized study
by Fujii et al[13] showed that premedication with pronase
significantly improved visibility before and after methylene
blue spraying and also significantly shortened the time
for the chromoendoscopic examination. Kuo et al[15] also
concluded that premedicaiton with 2000 U pronase, 1.2
g of sodium bicarbonate, 100 mg of DMPS plus up to
100 mL of warm water provided the clearest endoscopic
visibility. Without the application of DMPS, pronase alone
could not improve endoscopic visibility[15]. Similarly, in our
study, we found that group C (premedication with 20 000
U pronase, 1.2 g of sodium bicarbonate, 100 mg of DMPS
plus up to 100 mL of warm water) had better TMV scores
than those in groups A and B. In comparison to the study
by Kuo et al[15], we used 20 000 U pronase rather than 2000
U pronase. In addition to the different doses of pronase,
we gave all premedications around 20 min before UGI
endoscopy, and we did not ask patients to change position
before UGI endoscopy. Because the fluid ingested by those
patients flowed into the gastric fundus, then gradually
into the gastric antrum by the way of the gastric body, we
thought it was not necessary to change the position before
UGI endoscopy. Moreover, there can still be a lot of
bubbles in the stomach 10 min after administering DMPS
prior to UGI endoscopy in our previous experience.
NAC is a mucolytic agent which is commonly used
for digestion of the esophageal mucus for the detection
of Barrett’s esophageal cancer prior to chromoendoscopy
with methylene blue[17,18]. Its effectiveness in improving the
mucosal visibility of the stomach during UGI endoscopy
is not known. In our study, NAC also provided better
TMV scores in the stomach as did pronase. Premedication
with NAC can achieve good mucosal visibility during
gastrointestinal endoscopy if pronase is not available.
In our study, we found the greater curvature of the
upper gastric body had the poorest mucosal visibility
among all locations evaluated, suggesting that this area
needs to be observed with caution during UGI endoscopy.
Pronase and NAC can disrupt the gastric mucus by
a mucolytic effect. It is not well known whether pronase
or NAC interferes with the accuracy of the CLO test for
identifying H pylori infection. Our study showed greater
than 90% sensitivity and specificity for the CLO test with
premedication with pronase or NAC, which is consistent
with the study by Kuo et al[15] based on the urea breath test.
In conclusion, in order to improve the mucosal visibility
of the stomach, premedication with pronase or NAC at 20
min before UGI endoscopy is feasible. It is not necessary
to change the position of the patient from supine, left or
right lateral to prone before UGI endoscopy. The greater
curvature of the upper gastric body needs to be cautiously
observed, for it had the poorest mucosal visibility among
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all locations evaluated. Neither pronase nor NAC produce
any obvious interference with the CLO test for identifying
H pylori infection.
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Abstract
AIM: To combine ultrasound-guided fine-needle aspiration (US-FNA) and Liu (Riu) stain to make a quick study
on liver tumor lesions.
METHODS: Two hundred and twenty-eight aspirations
from 232 patients were completely studied. The operator
himself made the quick cytodiagnosis of US-FNA smear
stained by Liu method within thirty minutes. The US-FNA
specimen was also sent to the pathological department
for cytological study and cellblock histology. The result
of our Liu-stain quick cytodiagnosis in each patient was
confirmed by the final cytopathological diagnosis from
pathological report.
RESULTS: Among 228 samples, the quick cytodiagnosis
revealed 146 malignancies, 81 benign lesions and one
inadequate specimen. Cytopathological diagnosis from
the pathological department revealed 150 malignancies,
and 78 benign lesions. Four well-differentiated hepatocellular carcinomas (HCCs) were under-diagnosed by
quick cytodiagnosis as benign and 3 benign lesions were
over-diagnosed as well-differentiated HCCs. Compared
with cytopathological diagnosis, quick cytodiagnosis
correctly diagnosed 143 malignancies and 77 benign lesions. Except for the one inadequate specimen in quick
cytodiagnosis, the accuracy of quick cytodiagnosis was
96.9% (220/227), and its sensitivity, specificity and positive and negative predictive values were 97.9%, 95.1%,
97.3% and 96.3%, respectively.
CONCLUSION: Liu-stain quick cytodiagnosis is a fast,
convenient, safe and effective method for hepatologists
in clinic practice to diagnose liver tumor. In few cases of
well-differentiated HCC, Liu-stain quick cytodiagnosis has
its limitation.
www.wjgnet.com
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INTRODUCTION
Abdominal ultrasonography now is the first line to find
liver tumor. Fine needle aspiration (FNA) is able to
get tumor specimens for cytological interpretation [1].
Ultrasound-guided FNA (US-FNA) can get a correct
specimen and provide a good diagnosis of liver tumor[2-4].
US-FNA is a safe and effective method for cytodiagnosis
of liver tumor[2-4]. Tsou et al[5] reported that fine needle
aspiration cytodiagnosis with Riu’s stain has its value in
diagnosing liver tumors. The procedure of Liu (Riu) stain
takes about two minutes. So, Liu stain for FNA smear is a
quick method in cytological study. We tried to combine the
ultrasound-guided FNA and Liu stain to shorten the time
of cytodiagnosis of liver tumors.

MATERIALS AND METHODS
Case selection
From June 2004 to May 2005, 232 patients (128 males, 104
females) underwent US-FNA for liver nodular lesions with
a diameter > 1 cm detected by abdominal sonography. USFNA was done from one lesion in each patient who signed
the informed consent. The diameter of lesions ranged 1-16
cm. The mean age of 232 patients was 56.9 (range 25-96)
years. A total of 232 aspirations were done. The patients
who had positive malignant result from the pathological
department underwent tumor treatment modalities (such
as pure ethanol injection or radiofrequency ablation for
small tumors, or surgical resection of operable tumors,
or transhepatic arterial embolization of larger tumors).
The patients who had benign result from the pathological
report were followed up for six to twelve months with no
change in alpha-fetal protein level, ultrasound examination,
and clinic course.

Changchien CS et al . US-FNA quick cytodiagnosis on liver tumor				

A

B

C

←

←

←

←

←

Figure 1 Needle aspiration
under real-time ultrasound
guidance. The needle
(larger arrow) is advanced
into the liver nodular lesion
(small arrows) through the
abdominal wall and liver
parenchyma under the direct
guidance of US.
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Specimen preparation
All US-FNAs were performed with Aloka SSD-680 or
2000 machine (Aloka Corp. Tokyo, Japan) using a 3.75-MHz
lineal puncture probe or convex probe with a puncture
adaptor. Needle aspiration was done under real-time
US guidance with a 15-cm long 22-gauge Chiba needle
(Hakko-Shoji, Tokyo) attached to a 20-mL syringe. The
needle was advanced into the liver nodular lesion through
the abdominal wall and liver parenchyma under the direct
guidance of US (Figure 1). The piston of the syringe
was pulled back and maintained in a maximal aspiration
position to obtain the maximal negative pressure. The
needle was quickly moved back and forth several times
(about 3-5 passes) in the lesion under US observation.
After this, the piston of the syringe was released and
the pressure returned to normal, and the needle was
withdrawn. The aspiration material was ejected and
smeared onto glass slides (average 3-5 slides). One to two
slides were stained by Liu stain solution and cytological
reading was immediately done by the operator himself and
Dr. Wang, and had cytological training at the Department
of Pathology, Kurume University School of Medicine. The
Liu stain solution for blood smear containing 2 kinds of
solution, Liu A and B was used. The cytological smear for
quick cytodiagnosis was directly (without dry-up) stained
with Liu A for 30 s and then with Liu B for 1 min. After
the stain solution was washed softly with water and the
slide was dried by tissue paper, cytological reading was
done, it took about 10 min. The cytological reader had the
clinical data as assistant information. The total time of
quick cytodiagnosis of US-FNA with Liu stain was within
thirty minutes (including US-FNA procedure).
The remaining 2-3 slides were fixed in 95% ethanol
and sent to the pathological department for hematoxylin
and eosin (H & E) and/or papanicolaou staining. The
remaining small, cohesive tissue fragments were also
collected into a tube containing 10% neutral buffered
formalin and processed for cell block histology study. The
tissue was held using 2% agarose and paraffin-embeded.
The pathologists studied the ethanol-fixed cytology and
cellblock histology. The smear for quick cytodiagnosis was
not sent for pathological study.
The quick cytodiagnosis was made depending on
the findings on any slides. The cytological results were
categorized into four groups: benign, suspicious for
malignancy, positive for malignancy, and inadequate
specimen. The positive malignancy encompassed both

Figure 2 Cytodiagnosis of hepatocellular carcinoma by quick Liu stain showing
scattered distribution of malignant cells bearing atypical naked (A) and large nuclei
(B) with scanty cytoplasm but without trabecular structure and sinusoids (A: 100 x,
B: 400 x) and bile pigmentation (arrows) in cytoplasma (C) (400 x).

A

B

C

Figure 3 Cytodiagnosis of well-differentiated hepatocellular carcinoma by quick
Liu stain showing cytological features of well-differentiated HCC with thicked
trabecular structure (A) and polygonal tumor cells bearing centrally placed nuclei
with a mild degree of pleomorphism and enlargement (B) (A: 100 x, B: 400 x)
and cellular monomorphism and mildly increased nuclear/cytoplasmic ratio (C).
Glandular structure was present, but the reticular pattern was not shown in Liu
stain.

primary (hepatocellular carcinoma and cholangocarcinoma)
a n d m e t a s t a t i c m a l i g n a n c i e s. T h e d i a g n o s i s o f
hepatocellular carcinoma (HCC) by quick cytolog y
depended on the high cellularity with high nuclear/
cytoplasmic ratios, polygonal outlines, dense granular
cytoplasm, central nuclei and obvious morphologic
kinship of tumor cells similar to ordinary hepatocytes. The
characteristic findings in trabecular pattern and/or bile
production (Figures 2 and 3) were also a clue to HCCs. The
result of our Liu-stain quick cytodiagnosis in each patient
was confirmed by the final cytopathological diagnosis from
the pathological report. The diagnostic accuracy of quick
cytodiagnosis was compared with that of cytopathological
diagnosis. Sensitivity and specificity were calculated using
conventional methods. Diagnostic accuracy was calculated
as follows: (TP+TN)/(TP + TN+FP + FN), where TP =
true positive, TN = true negative, FP = true positive and
FN = false negative.

RESULTS
Four patients were excluded due to inadequate specimens
www.wjgnet.com
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for both quick Liu-stain cytodiagnosis and cytopathological
diagnosis. Among the 228 patients enrolled, the quick
cytodiagnosis revealed 142 malignancies (Figure 2),
4 suspicious malignancies, 81 benign lesions and one
inadequate specimen. Cytopathological diagnosis from the
pathological department revealed 150 malignancies, and
78 benign lesions. Four suspicious malignancies by quick
cytodiagnosis were 2 suspicious HCCs and 2 necrotic tissues
with ghost cells. The former two were finally diagnosed
as HCC and the latter two as metastatic adenocarcinoma
and lymphoma respectively. One inadequate specimen by
quick cytodiagnosis was proved to be adenocarcinoma by
cytopathological diagnosis.
A total of 146 cases were diagnosed as malignancy
by quick cytodiagnosis. Among them, 115 cases were
diagnosed as HCC (1.2 cm-over 10 cm in diameter). For
the 115 HCCs by quick cytodiagnosis, 14 were initially
diagnosed as well-differentiated HCCs (Figure 3).
Among them, 5 were well-differentiated, 6 moderatelydifferentiated and 3 non-malignancies by cytopathological
diagnosis. The diameter of these three non-malignancies
ranged 1.2 cm-1.6 cm. Of the 81 benign lesions by quick
cytodiagnosis, four were proved to be well-differentiated
HCCs and one to be adenomyolipoma with fat by
cytopathological diagnosis. The overall quick cytodiagnosis
rate was 96.5% (143 + 77/228). Except for one inadequate
specimen in quick cytodiagnosis, the accuracy of quick
cytodiagnosis was 96.9% (220/227), and the sensitivity,
specificity, positive and negative predictive values were
97.9%, 95.1%, 97.3% and 96.3%, respectively.
Among the 143 malignancies, 13 cases of
malignancy by quick cytodiagnosis did not match the
final cytopathological diagnosis. Four HCCs became
adenocarcinoma, 3 adenocarcinomas became HCC, and 6
malignancies without identification of cell nature became
three adenocarcinomas, two HCCs and one transitional
cell carcinoma.
The final diagnosis of 150 cytopathological
malignancies revealed 126 HCCs, 18 adenocarcinomas
(including 3 cholangiocarcinomas), 2 lymphomas, 2
unidentified malignancies, one squamous cell carcinoma,
and one transitional cell carcinoma. The 78 benign
lesions included fibroconnective tissue (regeneration
nodule), focal nodular hyperplasia (6 cases), abscess (8
cases), hemangioma (2 cases), and others (leiomyoma,
adenomyolipoma). No complication in relation with quick
cytodiagnosis was found in the study.

DISCUSSION
The specimen was sent to our pathological department,
and cytopathological diagnosis was made by hematoxylin
and eosin (H & E) and/or Papanicolaou staining and cell
block histology. Special staining (in some cases) was also
done to identify the nature of malignancy. It was reported
that cytodiagnosis of liver tumors has good sensitivity
and specificity[4], suggesting that our final results based
on the cytopathological diagnosis from our pathological
department are reliable.
In this study, the overall quick cytodiagnosis rate was
96.5% (143+77/228). The accuracy of quick cytodiagnosis
www.wjgnet.com
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in 227 cases of liver tumor was 96.9% (220/227), and
its sensitivity, specificity, positive and negative predictive
values were 97.9%, 95.1%, 97.3% and 96.3%, respectively.
The results of Liu-stain quick cytodiagnosis were
acceptable, compared with the reported sensitivity of
67%-100% and specificity of 80%-100%[1], and 93.3 %
sensitivity and 100% specificity by Riu’s stain study [5].
The process of Liu stain on smears takes about 2 min.
Including FNA aspiration procedure and cytological
reading, the quick cytodiagnosis in this study took about
thirty minutes to make a diagnosis. The procedure of
cytodiagnosis was fast and effective in diagnosing liver
tumors. It is very convenient for a hepatologist to diagnose
liver tumors.
In most of our cases, Liu stain provided sufficient
diagnostic elements, such as nuclear/cytoplasmic ratio,
nuclear pattern, hyperchromatin, etc, to make a correct
diagnosis of malignant or benign tumors. However, the
nature of malignancy in quick cytodiagnosis was hard to
identify in 13 cases, because special staining and cellblock
histology were not available. This is the limitation of quick
Liu stain cytodiagnosis. Although some limitations in
diagnosing the nature of malignancies, quick cytodiagnosis
can identify malignant from benign tumors except in some
conditions such as well-differentiated HCCs.
In this series, incorrect diagnosis was made in 7 cases
by quick cytodiagnosis. Four well-differentiated HCCs were
under-diagnosed as benign tumors and 3 benign lesions
were over-diagnosed as well-differentiated HCC. The
mistake always occurs in the cases of well-differentiated
HCC. Through the under-diagnosed cases of welldifferentiated HCC in this study, we have got experience
and increased our ability to diagnose well-differentiated
HCC. Although the improvement in diagnosing welldifferentiated HCC, we are still not able to make a perfect
diagnosis of well-differentiated HCC, because the Liu
stain alone cannot provide the complete information
on the diagnosis of well-differentiated HCC. Boer et al[6]
suggested that FNA cytodiagnosis of well-differentiated
HCC should pay close attention to the architectural
features and reticulin stain in both smears and cell
blocks. The reticular pattern is an important criterion in
diagnosing malignancy[7,8]. Without cell block and reticulin
stain, the reticular pattern in aspiration cytological smear is
hard to identify. Since the architecture features in Liu stain
cytology show a poor reticular pattern, it was difficult to
make a differentiation between the well-differentiated HCC
and benign lesion in our 7 cases. In this study, although we
made a correct diagnosis of 11 well-differentiated HCCs
by quick cytodiagnosis, Liu-stain quick cytodiagnosis is not
sufficient in diagnosing well-differentiated HCC.
Under ultrasound-guidance, FNA may correctly get
specimens from small lesions less than 1 cm in diameter
(Figure 1). FNA is also safer than core biopsy in getting
specimens from liver to which it is difficult to approach.
The Liu stain is a very simple and quick method in
cytological study. In practice, we usually achieve oneshot aspiration to get specimens[5]. The quick Liu-stain is
done immediately and the operator reads the cytological
findings. If the specimen is inadequate or not informative,
a second or third shot of aspiration should be done. The
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conventional cytopathology preparation cannot provide
the opportunity to do a second aspiration. Liu-stain quick
cytodiagnosis can minimize the failure of FNA aspiration.
In this study, it was as lower as 2.2% (5/232). Therefore,
Liu-stain quick cytodiagnosis may avoid inadequate
specimens and improve cytodiagnosis. The process of Liu
stain needs no air-drying of smears, the biosafety is stable,
even in infective cases.
In conclusion, Liu-stain quick cytodiagnosis is a fast,
safe, convenient and effective method for hepatologists to
diagnose liver tumors and may provide a quick decision in
HCC treatment. However, Liu-stain quick cytodiagnosis
had its limitation in diagnosing well-differentiated HCC.

APPENDIX
Liu stain solution (Figure 4).

cytodiagnosis makes a correct and quick cytodiagnosis of liver tumors.

Applications

Diagnosis of liver malignancy by quick cytodiagnosis should be performed as early
as possible. When the specimen is inadequate or not informative, subsequent USFNA aspiration should be performed to avoid the failure of cytodiagnosis.

Peer review

The manuscript is interesting and could help obtain more informative histological
data without loosing time and significant impact in clinical hepatology.
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INTRODUCTION
Abstract
AIM: To investigate the effectiveness and safety of recombinant human growth hormone (rhGH) in postoperative patients.
METHODS: A total of 48 consecutive patients undergoing abdominal operations were randomized to receive
either subcutaneous rhGH (0.15 IU/kg) or placebo (menstruum) injections daily for 7 d after surgery. The two
groups had similar nutritional intake. Blood samples for
serum fibronectin, albumin, prealbumin, transferrin and
the total lymphocyte count, as well as glucose levels
were collected to study the rhGH effect. Basal laboratory
evaluation, and nutritional status were estimated on d 1
before as baseline and d 3 and 10 after operation using
standard laboratory techniques. Nitrogen balance was
measured from d 3 to 9 after operation.
RESULTS: The cumulative nitrogen balance was significantly improved in rhGH group compared with the placebo group (11.37 ± 16.82 vs -9.11 ± 17.52, P = 0.0003).
Serum fibronectin was also significantly higher in the
rhGH group than in the placebo group (104.77 ± 19.94
vs 93.03 ± 16.03, P < 0.05), whereas changes in serum
albumin, prealbumin, transferrin and total lymphocyte
counts were not statistically significant. Mean blood glucose levels were significantly higher in the rhGH group
from d 3 to 6 after operation.
CONCLUSION: If blood glucose can be controlled, lowdose growth hormone together with hypocaloric nutrition
is effective on improving positive nitrogen balance and
protein conservation and safe is in postoperative patients.
© 2007 The WJG Press. All rights reserved.

Key words: Growth hormone; Nutritional support; Abwww.wjgnet.com

Patients undergoing abdominal surgery often suffer
s e ve r e t r a u m a o r i n f e c t i o n s a s s o c i a t e d w i t h t h e
catabolic responses [1], which cannot be prevented with
conventional parenteral or enteral nutritional formulas[2,3].
Administration of recombinant human growth hormone
(rhGH) has been shown to significantly maintain the
nitrogen balance in surgery patients receiving either
parenteral or enteral nutrition [4-7]. However, it is still
uncertain whether short-term treatment with low-dose
rhGH is effective as well and whether its effect on blood
glucose will lead to more severe outcomes. Furthermore,
there is a lack of well-controlled prospective clinical
studies investigating the clinical value of serum proteins as
nutritional assessment indexes in GH-treated patients. The
objective of the present study was to evaluate the relative
nitrogen and protein conservation effects associated
with administration of rhGH together with hypocaloric
nutritional support after elective abdominal surgery. In
addition, we measured the changes in blood glucose
levels, the effects of hyperglycemia caused by rhGH
administration on postoperative convalescence and other
adverse events during GH treatment period.

MATERIALS AND METHODS
Patients
The study was conducted in accordance with the guidelines
for Good Clinical Practice and the provisions of the
Declaration of Helsinki in 1995 as revised in Edinburgh
2000, and approved by the Ethical Review Committee
of West China Hospital. Only those who consented to
participate after explanation of the objectives and the
protocol were included in the study. Signed, informed
consent was obtained from all patients and their close
relatives.
Forty-eight adult patients were enrolled in the study,
and all met the following criteria: undergoing an elective
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abdominal operation; aged 18-75 years; willing and able
to comprehend the protocol and give written informed
consent. Exclusion criteria were as follows: severe bacterial
infection, liver and renal dysfunction, previous or current
treatment with corticosteroids, diabetic mellitus or fasting
glucose levels greater than or equal to 7.0 mmol/L,
metabolic diseases, gestation, severe malnutrition (serum
albumin < 21 g/L), tumor recrudescence or metastasis.
Study design
The study was a randomized, prospective, double-blind,
placebo-controlled clinical trial. Eligible patients were
arranged randomly as follows: rhGH or placebo group
with each group including 24 patients. The randomization
codes were prepared with the random number table
according to the design of a computer. Patients, surgeons
and nursing staff members remained blind to the allocation
status of the study drugs throughout the experimentation.
After the operation, all patients received continuous
combined intravenous or/and enteral nutrition. The daily
total caloric requirement was 20 kcal/kg and total nitrogen
requirement was 140 mg of nitrogen/kg. Parenteral
nutrition (PN) solution was prepared aseptically using
commercially available products, including vitamins, trace
elements and electrolytes (Addamel, Vitalipid, Soluvit
and Glycophos; Fresenius Kabi Deutschiand GmbH, Bad
Homberg, Germany). Amino acid injections were provided
as Novamin 8.5% and 11.4% (Fresenius Kabi Deutschiand
GmbH). Energy calories were provided with glucose and
fat emulsion injections (glucose 50% and Lipovenos ®
MCT 20%; Fresenius Kabi Deutschiand GmbH). All the
nutrients were given in an all-in-one bag. Enteral nutrition
(EN) emulsion (Fresubin®, Fresenius Kabi Deutschiand
GmbH) was provided orally or via a nasogastric tube with
a continuous perfusion pump.
Postoperatively, patients received general intravenous
infusions with only glucose on d 1; PN provided only half
of total caloric and nitrogen requirement on d 2 and all of
total requirement on d 3; on d 4, PN provided 2/3 of total
requirement and EN provided another 1/3; on d 5, PN
provided 1/3 of total requirement and EN provided 2/3;
only EN emulsion was given from d 6 to 9.
From d 3 to 10 post operation, patients were
randomly assigned to receive identical-looking treatments
consisting of either rhGH (JINTROPIN®, 0.15 IU/kg)
or menstruum injections (1 mL, consisting of glycin,
mannitol, lactose and sodium bicarbonate) subcutaneously
once daily. rhGH and placebo were provided by
GeneScience Pharmaceuticals Co. Ltd, Changchun, China.
Laboratory and nutritional condition measurements
Blood samples were drawn from each patient before
operation to measure baseline values and on d 3 and 10
after operation to study the rhGH effect. Complete blood
counts were estimated by the XE-2100 (Sysmex, Kobe,
Japan). Plasma glucose, serum urea nitrogen, creatinine,
bilirubin, alanine aminotransferase, alkaline phosphatase,
total protein, albumin and electrolytes were estimated
by an Olympus AU5400 Autoanalyser (Olympus, Tokyo,
Japan). Serum fibronectin, prealbumin and transferrin were
estimated by immunoturbidimetry and radioimmunoassay
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Table 1 Baseline characteristics of patients (mean ± SD)
Variable
Age (yr)
Range

Placebo (n = 24)

rhGH (n = 24) P

58.50 ± 9.35

59.08 ± 10.93

39-75

35-74
9/15

0.789

Sex (female/male)

11/13

Weight (kg)

57.90 ± 8.42

Height (cm)

162.42 ± 6.92

162.88 ± 7.16

0.823

Sepsis score

0.79 ± 0.98

0.67 ± 0.87

0.742

Resection of stomach

6 (25)

5 (20.8)

0.297

Resection of colon

5 (20.8)

7 (29.2)

56.19 ± 11.83

0.558
0.567

Operation position, n (%)

Resection of rectum
Others

12 (50)

9 (37.5)

1 (4.2)

3 (12.5)

methods, respectively. Body weight were confirmed using
qualified body weight scales before operation and on
postoperative d 3 and 10.
Nitrogen balance
Daily nitrogen input was assumed to be the nitrogen
contents of PN and/or EN solution given. Daily
nitrogen loss was assessed by collecting 24-h output
and measuring the nitrogen content in feces, urine and
gastric juice. Nitrogen loss through the surgical drains
was also included. Daily nitrogen balance was calculated
by subtracting daily nitrogen output from daily nitrogen
input. Accumulated nitrogen balance was calculated by
subtracting 7 d nitrogen output from 7 d nitrogen input.
Nitrogen contents of samples were determined by the
micro-Kjeldahl procedure[8].
Monitoring of adverse effects
All outcome and adverse effect parameters were
monitored, especially GH-related adverse effects such as
hyperglycemia, hypertension, edema, tetter, arthritis, and
hand stiffness. Routine clinical evaluation included breath
rate, pulse rate, temperatures and blood pressures. All
infection, sepsis and deaths and their causes were recorded.
Statistical analysis
All data were assessed for normality of distribution and
equality of variance. Student’s t test and ANOVA were
used to compare normally distributed data. Data are
presented throughout as means and standard deviations
(SD). Categorical data were compared using the Pearson
2
χ test or Fisher exact test. All data analysis was performed
using the program SPSS 11.5 for Windows. P < 0.05 was
considered statistically significant.

RESULTS
Patient characteristics
There were no differences between the two groups in
baseline characteristics (Table 1).
Daily and accumulated nitrogen balance
Changes in daily nitrogen balance are shown in Table 2.
Patients given rhGH showed decreased nitrogen excretion
and increased nitrogen retention compared with patients
www.wjgnet.com
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Table 2 Daily and accumulated nitrogen balance after
operation (g)
Time after
operation

rhGH (n =24)

Placebo (n =24)

January 21, 2007

Volume 13

Number 3

Table 3 Nutritional condition measurement of two group
patients
P

Test

D1

D3

D 10

Albumin (g/L)

D3

0.29 ± 3.31

-0.86 ± 5.81

0.405

rhGH

40.85 ± 3.09

33.26 ± 3.82

35.16 ± 4.21

D4

0.87 ± 3.23

-2.43 ± 5.60

0.016

Placebo

41.19 ± 4.17

33.95 ± 3.68

35.57 ± 3.84

D5

0.87 ± 3.85

-0.94 ± 5.93

0.217

D6

1.71 ± 3.56

-1.03 ± 3.47

0.010

rhGH

2.41 ± 0.45

1.75 ± 0.44

2.15 ± 0.66

D7

2.76 ± 2.91

-1.35 ± 3.13

< 0.001

Placebo

2.51 ± 0.45

1.79 ± 0.42

2.11 ± 0.44

D8

2.69 ± 2.89

-1.08 ± 3.48

< 0.001

2.18 ± 4.27

-1.36 ± 6.16

0.025

rhGH

133.90 ± 83.95

71.44 ± 46.54

105.51 ± 69.30

11.37 ± 16.82

-9.11 ± 17.52

   0.0003

Placebo

164.03 ± 88.16

85.55 ± 57.87

109.99 ± 97.37

rhGH

97.40 ± 11.74

80.85 ± 8.13

104.77 ± 19.94a

Placebo

98.70 ± 20.17

83.69 ± 10.50

93.03 ± 16.03

rhGH

1.64 ± 0.60

1.03 ± 0.33

1.36 ± 0.54

Placebo

1.59 ± 0.52

1.15 ± 0.59

1.38 ± 0.46

D9
Accumulated
NB (7 d)

Data presented as mean ± SD. NB: Nitrogen balance.

Transferrin (g/L)

Prealbumin (mg/L)

Fibronectin (mg/L)

TLC (109/L)

given the placebo during the study period. Postoperatively,
daily nitrogen balance in the rhGH group was increased
significantly compared with the placebo group on d 4 and
from d 6 to 9 (P < 0.05). On d 9, the accumulated nitrogen
balance in the rhGH group was significantly improved
compared with the placebo group.
Nutritional condition measurement
On d 1 before and d 3 after operation, there were
no significant differences between the two groups in
serum albumin, transferrin, prealbumin, fibronectin and
total lymphocyte counts. On postoperative d 10, mean
serum fibronectin levels were significantly higher in thr
rhGH group than in the placebo group. While mean
serum albumin, transferrin, prealbumin levels and total
lymphocyte counts were not significantly different between
the two groups (Table 3). The weight change was also not
significantly different between the two groups.
Adverse events
The main adverse effects seen during the study are
summarized in Tables 4 and 5. Mean blood glucose levels
were significantly higher in the rhGH group from d 3
to d 6 after operation (Table 4). Twenty-three patients
in the rhGH group experienced hyperglycemia and 5 of
these required insulin treatment (Table 5). Furthermore, 3
patients had other mild adverse events including 1 patient
with edema, 1 with tetter and 1 with a fever. In the placebo
group, 3 of 4 patients presenting hyperglycemia required
insulin treatment. Concerning adverse events not related
to the trial drug, 5 placebo-treated patients experienced
mild electrolytes imbalance. There were no significant
differences between the two groups in complete blood
counts, liver and renal functions, body weights and the
daily clinical parameters such as temperatures, blood
pressures, and pulses.

DISCUSSION
Many attempts have been made to reverse the catabolic
changes that occur in postoperative patients. Conventional
nutrition support is unable to provide adequate nutritional
supplements to increase or even maintain body proteins
in hypercatabolic response conditions[9-11]. Recent studies
www.wjgnet.com

Values are mean ± SD. TLC: Total lymphocyte count. aP < 0.05 vs placebo
group.

indicated that rhGH had beneficial effects on stimulating
body protein syntheses and producing nitrogen-spacing
effects[6,12-14].
However, the impact of rhGH on body proteins
and the change in blood glucose levels have not been
previously investigated in patients receiving PN or EN
following elective gastrointestinal surgeries [15-17]. In the
present experiment, we observed the effect of rhGH on
nitrogen balance, plasma proteins and blood glucose levels.
The number of patients enrolled in the study is based
on previous publications and the dosage of rhGH used
is small considering its efficacy and safety [7,18,19]. rhGH
treatment significantly increased the nitrogen retention of
postoperative patients compared with the placebo group.
Nitrogen balance began to improve from postoperative
d 3 in the rhGH group, and 15 of 24 patients showed
positive nitrogen balance on d 4. On d 9, 21 of 24 patients
showed positive nitrogen balance in the rhGH group and
the accumulated nitrogen balance was positive nitrogen
balance, which was significantly different compared with
the placebo group. Patients receiving only standard nutrition
support were in a state of negative nitrogen balance during
the whole period of the study. Our results demonstrated
that administration of rhGH could result in significant
anabolic effects on nitrogen balance and improve the
efficiency of nutrition support.
In fact, changes of nitrogen balance may be associated
with protein synthesis and breakdown[12,13,16]. The alteration
in concentrations of plasma proteins reflects the metabolic
responses to surgical traumas [20]. We found that serum
fibronectin levels were higher in the rhGH group than in
the control group after termination of treatment. This
reflects a beneficial effect of rhGH on protein synthesis.
However, serum transferrin, albumin, and prealbumin
levels were not significantly different between the two
groups. The potential reason might be that these protein
levels are markedly affected by the acute-phase responses,
thus they are not sufficiently sensitive and reliable in
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Table 4 Comparison of blood glucose levels
Test

D1

D3

D4

D5

D6

D7

D8

D9

Glucose (mmol/L)
rhGH
Placebo

5.14 ± 0.64
5.26 ± 1.09

6.71 ± 1.93a
5.68 ± 1.33

7.17 ± 1.86a
5.81 ± 1.56

8.28 ± 2.30a
5.84 ± 1.48

7.68 ± 2.15a
5.95 ± 2.34

7.29 ± 2.93
6.01 ± 2.64

6.40 ± 2.00
5.66 ± 2.03

6.20 ± 2.13
5.70 ± 1.89

Values are mean ± SD. aP < 0.05 vs placebo group.

Table 5 Main adverse events
Event

rhGH group

Placebo group

23a

4

Tetter

1

0

Sepsis

0

0

Infection

2

3

Death

0

0

Hyperglycemia

a

P < 0.05 vs placebo group.

nutritional assessment[21-23].
GH given during sepsis has been thought to impair
immune function and result in hyperglycemia, which may
explain why acute critically ill patients do not benefit from
GH treatment[24,25]. However, GH can be administrated
safely after acute inflammatory response stage for elective
surgery patients, especially with a low dose and temporary
duration of treatment. rhGH treatment was generally
well tolerated with no serious adverse events in our trial.
The mortality rate in the GH-treated group was zero,
confirming its safety. These results are contrary to the
increase in mortality among critically ill patients treated
with GH reported in two large clinical trials by Takala
et al [24]. We hypothesize that this discrepancy might be
due to the difference in study patients. In our study,
the patient populations were elective surgery subjects.
Moreover, rhGH given during the response to stress leads
to uncontrolled systemic inflammation in Takala’s study.
The main adverse events of the rhGH treatment were
hyperglycemia. Insulin resistance caused by rhGH plays an
important role in the rise of blood glucose. Other reasons
may include nutritional support and systemic inflammation
syndrome[26,27]. In our test, the hyperglycemia caused by
rhGH administration was mild, for which low-dose rhGH
and hypocaloric nutrition may be the reason. Furthermore,
the hyperglycemia could be controlled easily by insulin.
Considering the difference between critically ill patients
and elective surgery patients, rhGH seems to be well
tolerated after operation.
Our study included 14 cancer patients in the rhGH
group, so the potential tumor-promoting effect of
GH must be addressed. In animal models, whether
rhGH administration promotes tumor recurrence is
controversial [28-30]. Several authors even concluded that
GH could promote host growth selectively and inhibit
tumor metastasis[31,32]. Only two trials assessed the impact
of GH on tumor recur rence in humans. Based on
2632 adverse events reports, the National Cooperative
Growth Study analyzed the recurrence of brain tumors
in patients receiving long-term GH replacement. It was

concluded that there was no evidence of increased tumor
recurrence[33]. Only one study investigated the impact of
short-term treatment with three different doses of GH
on long-term tumor recurrence in postoperative cancer
patients[34]. Thirty-five percent of rhGH-treated patients
showed tumor recurrences in comparison to 44% of
patients given placebo. Based on the above two studies,
we believe that when complete resection and appropriate
antineoplastic treatment is administered, short-term GH
treatment can be given safely to cancer patients.
In conclusion, our results indicate that postoperative
rhGH treatment for 7 d improves nitrogen retention and
protein conservation, enhances the efficiency of nutrition
support in adult patients undergoing major abdominal
surgeries. rhGH also is well tolerated without clinically
significant adverse effects and the blood glucose level can
be well controlled. A larger trial is required to measure
clinical endpoints such as infection, morbidities, mortalities
and tumor recurrences.

COMMENTS
Background

Administration of recombinant human growth hormone has been shown to
significantly maintain the nitrogen balance in surgery patients receiving nutritional
support. However, it is still uncertain whether short-term treatment of low-dose
recombinant human growth hormone (rhGH) is effective as well and whether its
effect on blood glucose will lead to higher risk.

Research frontiers

Conventional nutrition support is unable to provide adequate nutritional
supplements to increase or even maintain body protein under hypercatabolic
response conditions. Recent studies indicated that rhGH had beneficial effects on
stimulating body protein and producing nitrogen-spacing effects.

Innovations and breakthroughs

The present study confirmed that administration of rhGH together with hypocaloric
nutrition support produced nitrogen conservation and protein synthesis effects
after elective abdominal surgery. In addition, the changes in blood glucose levels,
especially the hyperglycemia caused by rhGH administration was slight and could
be controlled in GH treatment period.

Applications

Our results indicate that postoperative rhGH treatment improves nitrogen retention
and protein conservation, enhances the efficiency of nutrition support in adult
patients undergoing major abdominal surgery. rhGH also is well tolerated without
clinically significant adverse effects and the blood glucose level can be well
controlled.

Peer review

The authors assess the role of a low dose of growth hormone in postoperative
nitrogen balance in patients undergoing gastrointestinal operations who also
received a “hypocaloric” feeding. They also discuss the adverse effects and
potential disadvantage of rhGH administration and monitor the change of blood
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glucose levels. The study demonstrates that the appropriate application of rhGH is
well tolerated and of great benefit to postoperative patients.
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Abstract
AIM: To investigate the effect of N-desulfated heparin
on tumor metastasis and angiogenesis, and expression
of vascular endothelial growth factor (VEGF) of orthotopic implantation of human gastric carcinoma in male
severe combined immune deficiency (SCID) mice.
METHODS: Human gastric cancer SGC-7901 cells were
orthotopically implanted into the stomach of SCID mice.
The mice were randomly divided into normal saline
group and N-desulfated heparin group. One week after
operation, the mice in N-desulfated heparin group received i.v. injections of N-desulfated heparin (Shanghai
Institute of Cell Biology, Chinese Academy of Sciences,
10 mg/kg.d) twice weekly for 3 wk. The mice in normal
saline group received i.v. injections of normal saline (100
μL) twice weekly for 3 wk. The mice were sacrificed six
weeks after implantation. Tumor metastasis was evaluated histologically for metastasis under microscope. Intratumoral microvessel density (MVD) and VEGF expression were evaluated immuohistochemically. VEGF mRNA
expression in gastric tissue of SCID mice was detected
by real time PCR.
RESULTS: The tumor metastasis rate was 80% in normal saline group and 20% in N-desulfated heparin group
(P < 0.05). MVD was 8.0 ± 3.1 in normal saline group
and 4.3 ± 1.8 in N-desulfated heparin group (P < 0.05).
VEGF positive immunostaining was found in cytoplasm

of cancer cells. The rate of VEGF positive expression was
higher in normal saline group than in N-desulfated heparin treated group (90% vs 20%, P < 0.05). VEGF mRNA
expression was significantly inhibited by N-desulfated
heparin and was higher in normal saline group than in
N-desulfated heparin group (Ct value 19.51 ± 1.01 vs
22.55 ± 1.36, P < 0.05). N-desulfated heparin significantly inhibited the expression of VEGF mRNA in cancer cells. No bleeding occurred in N-desulfated heparin
group.
CONCLUSION: N-desulfated heparin can inhibit metastasis of gastric cancer by suppressing tumor VEGF
expression and tumor angiogenesis, but has no obvious
anticoagulant activity.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most frequent
malignancies and is the leading cause of cancer deaths
in China. Up to now, there is no effective treatment
for metastasis of tumor. Recent studies showed that
angiogenesis plays a crucial role in tumor growth and
metastasis. The regulation of angiogenesis is balanced by
proangiogenic and antiangiogenic factors and is associated
with prognosis of patients with tumors. Inhibition of
angiogenesis can control tumor metastasis and improve the
prognosis[1-4]. Vascular endothelial growth factor (VEGF)
and fibroblast growth factor-2 (FGF-2) are the main
www.wjgnet.com
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factors promoting angiogenesis, and anti-VEGF therapy
is effective in inhibiting angiogenesis and metastasis of
tumor[5-7].
Heparin, a highly sulfated proteoglan, has been extensively
used as an anticoagulant drug for a long time. Aside
from its anticoagulant action, heparin binds to various
growth factors, cytokines, and extracellular proteins and
consequently is able to affect migration of cancer cells
and angiogenesis in tumors. In vitro study [8] indicates
that heparin can inhibit VEGF and FGF-2-induced
proliferation of vascular endothelial cells and vascular
formation, while in vivo study [9] has demonstrated that
heparin has antimetastatic activity. However, clinical use
of heparin in treatment of tumor is limited by its strong
anticoagulant activity, which may cause severe bleeding
complications. Chemically modified heparin shows a
significantly reduced anticoagulant activity and enhanced
ability to interact with FGF, VEGF and hepatocyte growth
factor, which are known to stimulate angiogenesis[10]. In
this study, we investigated the effect of N-desulfated
heparin on tumor metastasis in mouse models of human
gastric cancer constructed by orthotopic implantation of
histologically intact tumor tissue.

MATERIALS AND METHODS
Materials
Goat anti-human CD34 antibody and goat anti-human
VEGF antibody were obtained from Santa Cr uz
Biotechnical Company. VEGF probe for real time PCR
was provided by Daan Gene Company of Zhongshan
University.
Animal model
Male severe combined immune deficiency (SCID) mice
were obtained from Shanghai Experimental Animal Center
of Chinese Academy of Sciences. Animals used were 6 wk
old and weighed 20-25 g. Human gastric cancer SGC-7901
(Shanghai Cancer Institute), a poorly-differentiated
adenocarcinoma line, was originally derived from a primary
tumor and maintained by passage in the subcutis of
nude mice. Animal models were made using orthotopic
implantation of histologically intact tissue of human
gastric carcinoma [11]. Tumors were resected aseptically.
Necrotic tissues were cut and the remaining healthy tumor
tissues were scissor minced into pieces (about 5 mm × 7
mm in diameter) in Hank’s balanced salt solution. Each
tumor piece was weighed and adjusted to be 150 mg. Mice
were anesthetized with 4.3% trichloraldehyde hydrate.
An incision was made through the left upper abdominal
pararectal line. Then peritoneal cavity was carefully
exposed and a part of serosal membrane in the middle of
the greater curvature of stomach was mechanically injured
using scissors. A tumor piece of 150 mg was fixed on
each injured site of the serosal surface. The stomach was
returned to the peritoneal cavity, and the abdominal wall
and skin were closed.
After metastatic models were made, the mice were randomly divided into N-desulfated heparin group (n = 10)
and normal saline group (n = 10). One week after operawww.wjgnet.com
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tion, the mice in N-desulfated heparin group received i.v.
injections of N-desulfated heparin (Shanghai Institute of
Cell Biology, Chinese Academy of Sciences, 10 mg/kg.d)
twice weekly for 3 wk. The mice in normal saline group
received i.v. injections of normal saline (100 μL) twice
weekly for 3 wk. The mice were weighed twice weekly.
Sample collection and pathological examination
All animals were sacrificed 6 wk after implantation. An
incision was made through the abdominal wall, and then
peritoneal cavity was carefully exposed. Tumors growing
on the stomach wall were removed and fixed in 10%
formalin, and processed for routine paraffin embedding.
Tissues from all organs and lymph nodes were collected
and fixed in 10% formalin, and processed for routine
paraffin embedding after careful macroscopic examination.
Four-micron-thick sections were stained with hematoxylin
and eosin, and evaluated histologically for liver metastasis
or lymph node metastasis or other organ metastasis under
microscope.
Mean microvascular density of tumor (MVD)
I m mu n o s t a i n i n g wa s p e r f o r m e d u s i n g a l a b e l e d
streptavidin biotin method. Four-micron-thick sections
were deparaffined in xylene and rehydrated with graded
alcohol. Immunohistochemical staining was carried out
to detect CD34 expression following the manufacturer’s
protocol. The concentration of anti-CD34 antibody was
1:300. MVD (CD34-positive microvessels) was calculated
under 200 fold microscope. The modified Weidner’s
method was used for the evaluation of MVD according to
CD34 endothelial cell immunostaining. For the microvessel
counting, positive stainings for MVD in 5 most highly
vascularized areas in each section were counted in 200 ×
fields. MVD was expressed as average of the microvessel
count in the areas.
Detection of VEGF protein expression
I m mu n o s t a i n i n g wa s p e r f o r m e d u s i n g a l a b e l e d
streptavidin biotin method. Four-micron-thick sections
were deparaffined in xylene and rehydrated with graded
alcohol. Immunohistochemical staining was carried out
to detect VEGF expression following the manufacturer’s
protocol. The concentration of anti-VEGF antibody was
1:60. Positive cells under 10% were defined as positive +,
over 10% as positive ++. Positive expression was defined
as positive + or positive ++. VEGF primers and probe
used are VEGF f: GTTCGAGGAAAGGGAAAGGGTC,
VEGF r: GCGAGTCTGTGTTTTTGCAGGA, VEGF
probe: AGCGCAAGAAATCCCGGTTTAAATC.
Detection of VEGF mRNA expression
VEGF RNA was isolated by method of Trizol. Synthesis
of the first strand cDNA was performed according to
the instructions delivered with reverse transcription kit,
using human VEGF antisense strand primers and reverse
transcriptase. After 1 h incubation at 37℃, samples were
heat inactivated for 3 min at 95℃ and kept at -80℃ until
use.
Aliquots of 5 μL of cDNA were amplified in a final
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Figure 1 CD34 expression in intratumoral endothelium of gastric cancer × 200.

Figure 2 VEGF positive immunostaining in cytoplasm of gastric cancer cells ×
200.

1000

Table 1 Effect of N-desulfated heparin on VEGF expression in
gastric cancer (mean ± SD)
n

-

+

Normal saline group

10

1

2

7

90

N-desulfated heparin group

10

8

1

1

20a

++ Positive rate (%)

a

P < 0.05 vs normal salt group.

600
400
200
0
-200

volume of 50 μL using PCR buffer at the presence of 1
μL of Taq DNA polymerase and 0.5 μL of VEGF probe.
Samples were amplified at 93℃ for 2 min, at 93℃ for 0.5
min and at 55℃ for 1min followed by 40 cycles. Real time
PCR was carried out in an automated real time PCR cycler
(American ABI 7000).
Statistical analysis
All data were expressed as mean ± SD. Student’s t test
and χ2 precise method were used to determine changes
in different groups. P < 0.05 was considered statistically
significant.

RESULTS
Inhibition of N-desulfated heparin on metastasis of human
gastric cancer
All mice developed localized tumors at the implanted site
which were poorly-differentiated adenocarcinomas under
microscope. Tumor growth did not differ significantly
between the animals treated with normal saline or with
N-desulfated heparin. Of the 10 animals treated with
normal saline, 8 developed metastatic tumors in regional
lymph nodes, 6 in liver, and 6 in other organs. However,
after the mice were treated with N-desulfated heparin for 3
wk, metastasis of tumor was inhibited significantly. Of the
10 animals treated with N-desulfated heparin, 2 developed
metastatic tumors in liver. The metastatic rate was higher
in mice treated with normal saline than in those treated
with N-desulfated heparin (80% vs 20%, P < 0.05).
N-desulfated heparin had no significant effect on body
changes in SCID mice. No bleeding complications were
found in N-desulfated heparin group.

Delta Rn vs Cycle

800

Delta Rn

Groups

459

1 2 3 4 5 6 7 8 9 10 11 12  13 14  15 16 17  18 19  20 21 22 23  24  25 26  27 28 29 30

		

Cycle number

Figure 3 VEGF mRNA expression in normal saline and N-desulfated heparin
treated mice.

Effect of N-desulfated heparin on MVD
In normal saline-treated mice, many CD34 positively
stained vessels were diffusely located and formed tube-like
structures in tumor (Figure 1). However, they were almost
absent in N-desulfated heparin- treated mice. The MVD
was significantly lower in N-desulfated heparin-treated
mice than in normal saline-treated mice (4.3 ± 1.8 vs 8.0 ±
3.1, P < 0.05).
Effect of N-desulfated heparin on VEGF protein expression
Under microscope, VEGF positive immunostaining was
found in cytoplasm of cancer cells (Figure 2). The rate
of VEGF positive expression was higher in normal saline
group than in N-desulfated heparin group (P < 0.05, Table 1).
Effect of N-desulfated heparin on VEGF mRNA expression
VEGF mRNA expression in gastric tissue of SCID mice
detected by real time PCR was higher in normal saline
group than in N-desulfated heparin group (Ct value 19.51
± 1.01 vs 22.55 ± 1.36, P < 0.05) (Figure 3).

DISCUSSION
Recent studies showed that angiogenesis is a critical
determinant of solid tumor metastasis, and antiangiogenic
therapy plays an important role in improving prognosis
of patients with gastric carcinoma[12-14]. It was reported
that low molecular weight heparin has significantly-
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reduced anticoagulant activity and enhanced ability to
bind to FGF-2 and VEGF, thus inhibiting angiogenesis of
tumor[15].
N-desulfated heparin, a modified heparin, is known
to have more significantly-reduced anticoagulant activity
(1/76 of heparin) than O-desulfated heparin (5%-30%
of heparin) or N-acetylated heparin (10% of heparin)[16].
There is no report so far on the effect of N-desulfated
heparin on tumor metastasis. Therefore, the effect of
N-desulfated heparin on tumor metastasis, angiogenesis
and VEGF expression was observed in mouse model
of orthotopic implantation of human gastric carcinoma
tissue.
In the present study, tumor metastasis was inhibited
significantly by N-desulfated heparin. Szende et al [17]
found that fraxiparine has a significant effect on lung
metastases, while heparin does not influence metastasis.
These data suggest that low molecular heparin may be of
antimetastatic activity[18]. Kragh et al[19] reported that nonanticoagulant heparin can inhibit tumor metastasis.
To evaluate the effect of N-desulfated heparin on
angiogenesis, immunohistochemical staining of CD34
in tumors was carried out. The results showed that
N-desulfated heparin significantly inhibited angiogenesis
in these tumors. Mousa et al[20] have demonstrated antiangiogenic activity of the low molecular weight heparin,
tinzaparin. Naggi et al[10] reported that N-acetylatedand
and glycol-split heparins are potential antiangiogenic
and antimetastatic agents which are more effective than
unmodified heparin, suggesting that N-desulfated heparin
can inhibit tumor metastasis by inhibiting angiogenesis.
In the present study, the rate of VEGF positive
expression was higher in normal saline group than in
N-desulfated heparin group and VEGF mRNA expression
was higher in normal saline group than in N-desulfated
heparin group, demonstrating that N-desulfated heparin
can significantly inhibit the expression of VEGF in cancer
cells. Kakeji et al[21] showed that VEGF is expressed in
early and advanced gastric cancer. Multivariate analysis
has revealed that VEGF is an independent prognostic
factor and an independent risk factor for liver metastasis.
Fondevila et al[22] demonstrated that VEGF expression is
an independent predictor of tumor recurrence and survival
following curative resection of gastric cancer. Pisano et al[23]
showed that undersulfated, low-molecular-weight glycolsplit heparin may be an antiangiogenic VEGF antagonist.
In the present study, hemorrhage was never observed
in N-desulfated heparin treated mice, suggesting that
N-desulfated heparin has no obvious anticoagulant activity.
In conclusion, VEGF produced by cancer cells is an
angiogenic factor in human cancer tissue and plays an
important role in tumor metastasis. N-desulfated heparin
inhibits tumor metastasis by inhibiting expression of
VEGF and angiogenesis and can be used in the treatment
of tumor metastasis.
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Abstract
AIM: To investigate the protective effect of stronger
neo-minophafen C (SNMC) on fulminant hepatic failure
(FHF) and its underlying mechanism.
METHODS: A mouse model of FHF was established by
intraperitoneal injection of galactosamine (D-Gal N) and
lipopolysaccharide (LPS). The survival rate, liver function,
inflammatory factor and liver pathological change were
obtained with and without SNMC treatment. Hepatocyte
survival was estimated by observing the stained
mitochondria structure with terminal deoxynucleotidyl
transferase-mediated deoxyuridine triphosphate
fluorescence nick end labeling (TUNEL) method and
antibodies against cytochrome C (Cyt-C) and caspase-3.
RESULTS: The levels of plasma tumor necrosis factor
alpha (TNF-α), nitric oxide (NO), ET-1, interleukin-6
(IL-6), and the degree of hepatic tissue injury were
decreased in the SNMC-treated groups compared with
those in the model group (P < 0.01). However, there
were no differences after different dosages administered
at different time points. There was a significant
difference in survival rates between the SNMC-treated
groups and the model group (P < 0.01). The apoptosis
index was 32.3% at 6 h after a low dose of SNMC, which
was considerably decreased from 32.3% ± 4.7% vs 5%
± 2.83% (P < 0.05) to 5% on d 7. The expression of
Cyt-C and caspase-3 decreased with the prolongation
of therapeutic time. Typical hepatocyte apoptosis was
obviously ameliorated under electron microscope with
the prolongation of therapeutic time.
CONCLUSION: SNMC can effectively protect liver
against FHF induced by LPS/D-Gal N. SNMC can prevent
hepatocyte apoptosis by inhibiting inflammatory reaction
www.wjgnet.com

INTRODUCTION
Fulminant hepatic failure (FHF) is clinically characterized
by prolonged prothrombin time and hepatic
encephalopathy. It has been known that the onset of
acute and chronic hepatitis is related to the inflammatory
necrosis resulting from cell immunity and abnormal
hepatocyte apoptosis caused by injury in mitochondria[1,2].
Stronger neo-minophagen C (SNMC), a compound mainly
composed of glycyrrhizic acid, has anti-inflammatory and
anti-allergic effects. However, it is not clear whether this
compound protects liver against FHF[3]. The present study
was to clarify the effect of SNMC on immune-mediated
injury and hepatic cell apoptosis and its mechanism
underlying liver failure induced by endotoxin.

MATERIALS AND METHODS
Kunming mice weighing 18-20 g at the age of 6-7 wk
were provided by the Center of Experimental Animals
of Harbin Medical University. Female mice were never
impregnated and reproduced. SNMC was obtained from
Minofayan Pharmaceutical Co, Ltd, Japan. Galactosamine
(D-Gal N) and lipopolysaccharide (LPS) were purchased
from Sigma. Nitric oxide (NO) fluorescein reagent kit
was obtained from Jian Cheng Bio-Engineering Research
Institute (Nanjing, China). Tumor necrosis factor alpha
(TNF-α), ET-1, interleukin-6 (IL-6) radioimmunoassay
reagent kits were bought from Radioimmunoassay
Institute, General Hospital of Chinese PLA. Caspase-3
monoclonal antibody was from Sigma. Anti cytochrome C
(Cyt-C) antibody immunohistochemistry staining reagent
kit and terminal deoxynucleotidyl transferase-mediated
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Figure 1 Optical microscopy showing liver cell apoptosis and necrosis (A) and liver cell necrosis (B) 24 h (C), 36 h (D), 72 h (E) after given SNMC (HE, × 20).

deoxyuridine triphosphate fluorescence nick end labeling
(TUNEL) reagent kit were purchased from Zhongshan
Biotechnology Co, Ltd (Beijing, China).
Preparation
D-Gal N (1000 mg/kg) and LPS (100 μ g/kg) were
injected into the abdominal cavity of mice to induce
FHF. Pathological changes in liver tissues corresponded
to the FHF pathological features (Figure 1A and B). One
hundred and ten mice were randomly divied into control
group, model group and treatment group. Mice in the
control group were administered SNMC for a week before
LPS/D-Gal N treatment. Mice in the model group were
given SNMC and LPS/D-Gal N at the same time. Mice
in the treatment group were injected with LPS/D-Gal N
8 h after SNMC was given. The results showed that 280
mL, 200 mL and 140 mL SNMC had the most significant
protective effect. The survival rate of mice in the model
group after injected 140 mL SNMC was the highest.
Then 60 mice were given 140 mL SNMC and 5 mice
in each group were sacrificed 6 h, 1 d, 3 d and 7 d after
LPS/D-Gal N injection. Liver tissue was collected for
immunohistochemical analysis. Pyrogen free blood sample
was obtained from eyeball and centrifuged for 10 min at
3000 r/min to get serum/plasma. Serum and plasma were
stored at -20℃.
Experiment
TNF-α, ET-1, IL-6 were determined by radioimmunoassay
(RIA). The nitrate reductase method was employed
to analyze NO. Alanine aminotransferase (ALT), total
bilirubin (TBIL) and albumin (ALB) were analyzed with
fully automatic biochemical instruments.
Four pieces of the left lobe of liver were taken. One
was fixed in 2.5% glutaraldehyde for electron microscopy
(EM), 2 were fixed in 4% paraformaldehyde and embedded
in paraffin for immunohistochemical analysis, and 1 was
fixed in 10% formalin and embedded in paraffin for

histological examination.
Routinely deparaffinaged and rehydrated sections were
stained with cell apoptosis detection kit according to the
manufacturer’s instructions. The sections were visualized
with diaminobenzidine (DAB). The apoptosis index was
calculated and the degree of hepatocyte apoptosis was
determined. The cells with brown nuclei and cytoplasm
were regarded as apoptotic cells, whereas the cells with
blue nuclei were considered normal cells. The sections
were incubated with monoclonal antibodies against
caspase-3 (1:100) and Cyt-C antibody (1:100) after routine
deparaffinage and rehydration, and stained with DAB and
counterstained with hematoxylin.
Statistical analysis
The data were expressed as mean ± SD. All statistical
analyses were performed using the Statistical Program for
Social Sciences (SPSS 10.0 for Windows). F test was used
for comparing variables. The 95% confidence interval for
all estimates was provided when appropriate. P < 0.05 was
considered statistically.

RESULTS
Ssurvival rate within 24 h
All the mice of the control group were alive at the end of
experiments. Death occurred in the model group at 6 h
after LPS/D-Gal N treatment and all mice died within 21
h. Death occurred in the SNMC-treated group at 8 h and
all the survivors lived for more than 24 h. The survival rate
for the model group was 60% after 140 mL SNMC was
given.
Liver tissue histophysiological response
In the control group, the structure of hepatic lobules
was intact, and the hepatocytes were radially arranged
around the central vein. In the model group, histological
hepatocyte damage with slight hydropic degeneration
www.wjgnet.com
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Figure 2 Electron microscopy showing results in model group (A) (× 6000), 3 d (B) (× 10 000) and 7 d (C) after given SNMC (× 6000).

Table 1 Levels of NO, TNF-α, ET-1, IL-6, ALT, ALB, and TBIL in control, model and treatment groups (mean ± SD)
Groups

Mice (n )

TNF-α (ng/mL)

ET-1 (pg/mL)

IL-6 (pg/mL)

Control group

6

NO (μmol/L)
45.1 ± 14.01

0.77 ± 0.08

50.8 ± 7.58

57.07 ± 12.67

ALT (u/L)
67.17 ± 12.62

ALB (g/L)
32.18 ± 4.16

9.2 ± 8.75

Model group

6

725.94 ± 156.94

3.75 ± 0.50

309.41 ± 38.45

413.56 ± 69.02

1406.33 ± 47.42

21.13 ± 3.66

70.03 ± 17.22

Treatment group

6

199.42 ± 85.98

1.34 ± 0.31

129.11 ± 17.97

155.22 ± 59.37

799.33 ± 171.19

20.03 ± 3.01

8.87 ± 0.85

140 mL group

6

215.01 ± 28.72

1.35 ± 0.17

183.07 ± 75.93

149.81 ± 44.69

25.96 ± 6.35

26.10 ± 1.97

200 mL group

6

87.88 ± 12.46

1.34 ± 0.31

157.41 ± 35.64

133.89 ± 30.48

1169 ± 149.92

280 mL group

6

184.54 ± 19.84

1.27 ± 0.27

216.15 ± 24.47

179.97 ± 65.09

24.33 ± 8.02

20.9 ± 1.28
21.37 ± 5.44

TBIL (u/L)

59 ± 29.31
27.33 ± 2.94
51.5 ± 14.94

F(4,29) = 2.70.

could be seen 3-5 h after the administration of D-Gal
N a n d L P S. F u r t h e r m o r e, p r o n o u n c e d hyd r o p i c
degeneration, slight spotty necrosis and apoptotic bodies
(Figure 1A) could be observed 6 after administration of
D-Gal N and LPS. Widespread necrosis (exceeding 2/3
of the whole slide), dissociated hepatocytes with loss of
the normal structure of liver, hemorrhage and neutrophil
and lymphocyte infiltration were seen mainly in necrosis
area and periportal zone 12 h after administration of
D-Gal N and LPS (Figure 1B). However, various degrees
of hydropic and vacuolar degeneration were found in the
model group 24 h after administration of 140 mL SNMC
(Figure 1C). In the model group, marked cytoplasm
rarefaction was found 36-48 h after administration of
D-Gal N and LPS (Figure 1D), while sporadic and
focal necrosis (Figure 1E) as well as inflammatory cell
infiltration were found 72 h after administration of D-Gal
N and LPS.
Levels of TNF-α, ET-1, IL-6, ALT, ALB, and TBIL in control,
model and treatment groups
The F values were determined in the control, model and
treatment groups. The results were as follows: F (NO) =
58.328, F (TNF-α) = 69.489, F (ET-1) = 57.328, F (IL-6)
= 46.914, F (ALT) = 3.257, F (TBIL) = 7.477, [F(4,25)0.05
= 2.76, P < 0.05]. F (ALB) = 1.204, NS. The F values in
the treatment group were as follows: F (NO) = 2.676, F
(TNF-α) = 2.043, F (ET-1) = 3.347, F (IL-6) = 2.676, F
(ALT) = 0.452, F (ALB) = 1.535, F (TBIL) = 0.020, [F(2,12)0.05
= 3.68, NS]. The F values in different groups injected with
different dosages of SNMC were as follows: F (NO) =
84.907, F (TNF-α) = 44.519, F (ET-1) = 13.236, F (IL-6)
= 37.760, F (ALT) = 2.904, F (TBIL) = 7.681, [F(4,25)0.05
= 2.76, P ＜ 0.05), F (ALB) = 1.004, NS. The results of
www.wjgnet.com

different dosages were: F (NO) = 3.351, F (TBIL) = 2.756,
[F(2,12)0.05 = 3.68, NS], with no significant differences (Table 1).
Results of electron microscopy (EM)
In the control group, the hepatocytes with prominent
nuclei were well arranged in plates and abundant in
structure of intracellular membrane. However, the model
group showed condensed nuclei, chromatin margination,
enlarged mitochondria, and derangement of plasmalemma
and inner cytomembrane (Figure 2A). Condensed nuclei,
chromatin margination, and enlarged rough endoplasmic
reticulum (RER) showing degranulation were present in the
140 mL SNMC group. Normal bilayer nuclear membrane,
abundant crista mitochondria, moderate density of matrix,
tight cholangiole junctions and intact endothelium of the
hepatic sinusoid were observed 3 d after administration
of SNMC (Figure 2B). After 7 d, the structure of liver cell
membranes was intact, the cell organs were rich, the crista
mitochondria were dense, the matrix density was moderate,
and the structure of hepatic sinusoid endothelia was intact.
We could see the penetration of liver cell microvilli inside
the Disse interspace (Figure 2C).
Detection of hepatocyte apoptosis
Two sections from each group were observed at each
indicated time. Five visual fields of each section were
analyzed, and 100 cell nuclei were counted in each visual
field. The average percentage of hepatocyte apoptosis
was considered the index of apoptosis[4] (Table 2). The
apoptotic cells were characterized by intact bilayered
cytomembrane and condensed nuclei. Nuclei and/or
cytoplasm with brown staining (leakage of nuclear DNA)
were assessed as positive staining. Besides, the apoptotic
bodies were also positively stained. No apoptotic cells were
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found in the control group. More apoptotic liver cells were
found mainly in the necrosis area of the model group with
the prolongation of time.

Table 2 Hepatocyte apoptosis index and number of cells
expressing Cyt-C and caspase-3 (mean ± SD, number/HP)
Groups

Detection of cytosol cytochrome C (Cyt-C) and caspase-3
Cytoplasm with brown staining was assessed as positive.
Three fields randomly selected from each section were
chosen to detect Cyt-C and caspase-3 positive cells under
optical microscope at a magnification of 400. The mean
value was considered the positive cell number of each
group (Table 2). In the control group, hepatocytes were
normal in size and shape and well arranged. Cyt-C and
caspase-3 were expressed only in a few scattered cells.
In the model group, liver cells were mainly expressed
in the inflammation necrosis area and portal area, and
showed positive Cyt-C and caspase-3 staining. In the
treatment group, the expression of Cyt-C and caspase-3
was gradually decreased and the structure of liver cells was
gradually recovered with the prolongation of time.

DISCUSSION
It is well-known that virus infection results in primary
liver injury and endotoxin, by which inflammator y
mediator-induced secondary liver injury is caused, leading
to hepatocyte apoptosis and necrosis[5]. TNF-α, one of
the most important inflammatory mediators, induces
hepatocyte apoptosis and necrosis through the activation
of caspase-3, leading to liver cell DNA shift [6]. In the
present study, SNMC reduced serum level of ALT, ALB
and total bilirubin, and attenuated hepatocyte apoptosis,
leading to the secondary liver injury induced by LPS. Its
related mechanisms such as reducing the release of NO
and ET-1, restraining the formation of hepatic sinusoid
microthrombi and microcirculation dysfunction, inhibiting
immunologic injur y caused by cytokines especially
TNF-α, and suppressing the formation of endotoxin, may
contribute to the protective effect against FHF[7]. However,
in the present study, SNMC failed to raise the albumin
levels during FHF, probably due to the longer half life of
albumin.
Most researchers believe that abnormal hepatocyte
apoptosis contributes significantly to the occurrence of
FHF[8]. The crucial role of mitochondria and Cyt-C in
hepatocyte survival and death has caused more and more
attention. Some mediators in the mitochondria are closely
associated with cell apoptosis, including Cyt-C, apoptosis
inducing factor (AIF) and reactive oxygen species (ROS).
Under the stimulation of apoptosis signals, augmented
mitochondrial membrane permeability initiates a series
of key changes including release of Cyt-C, decrease
in mitochondrial transmembrane potential, alteration
of the oxidation-reduction system inside the cells and
intervention with the Bc1 gene family, thus finally leading
to hepatocyte apoptosis[9].
TUNEL staining results indicated that the apoptosis
index in the treatment group decreased from 32.3% at 6
h to 5% on d 7 after LPS/D-Gal N injection (P < 0.05).
Typical morphological changes during apoptosis, including
nucleus shrinkage and chromatin margination etc, were
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Number Apoptosis index

Caspase-3

Control group

5

Model group

5

33.2 ± 4.37

59.47 ± 3.79

85.6 ± 6.25

After therapy 6 h

5

32.3 ± 4.7

58.47 ± 3.83

84.00 ± 5.54

After therapy 1 d

5

26.6 ± 4.67b

46.33 ± 5.51b

72.3 ± 5.21b

5

b

b

56.13 ± 6.87b

b

34.1 ± 4.87b

b

17 ± 4.5b

After therapy 3 d
After therapy 5 d
After therapy 7 d

5
5

0

Cyt-C
1.67 ± 0.90

19.9 ± 3.54

b

11.1 ± 2.77

b

5 ± 2.83

31.53 ± 2.83
25.47 ± 3.94
15.00 ± 4.11

3.87 ± 2.42

b

P < 0.01 vs the model group. Apoptosis index: t6h = 0.56, t1d = 4.10, t3d = 8.26,
t5d = 13.73, t7d = 17.52. Cyt-c: t6h = 0.72, t1d = 9.45, t3d = 20.1, t5d = 24.46, t7d =
31.99. Caspase-3: t6h = 1.09, t1d = 12.2, t3d = 26.9, t5d = 47.2, t7d = 62.9.

observed under electron microscope (EM) in the model
group. The treatment group improved proportionately
with the prolongation of therapeutic time. The results
suggest that SNMC can effectively attenuate hepatocyte
apoptosis.
The release of Cyt-C is a key event in the apoptosis
process[10]. Cyt-C has a duplex function as an initiator to
activate cell apoptosis and participate in electron transfer.
Cyt-C shifting to the cytoplasm could bring about a
cascade of reactions of caspases, finally activate caspase-3
and result in hepatocyte apoptosis. Immunohistochemistry
staining demonstrated that Cyt-C and caspase-3 expression
was significantly reduced in treatment group with the
prolongation of therapeutic time when compared with the
model group (P < 0.01), suggesting that the expression
of caspase-3 is closely related with Cyt-C and possibly
regulated by releasing Cyt-C. Meanwhile, we speculated that
SNMC inhibited the progression of hepatocyte apoptosis
mainly by stabilizing the mitochondrial membrane and
inhibiting the release of Cyt-C and subsequent caspase-3
activations.
The present study demonstrated that SNMC not only
reduced serum aminotransferase and bilirubin, but also
attenuated the hepatocyte apoptosis. SNMC reduced
the necrotic area and increased the survival rate of mice
by promoting hepatocyte regeneration and recovery of
denatured cells, and protecting the undamaged cells.
However, the dosages of SNMC in the treatment of
FHF and the therapeutic time have not yet been firmly
established. The low dose administered in this experiment
corresponds to ordinary clinical dosages. Whether high
dose would bring about toxic effects or other side effects
awaits future study.
In summary, the results of the present study support
SNMC treatment for FHF, but the precise mechanism
should be further studied.
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locations are the forearm, trunk, and upper arm, and
they rarely occur in the gastrointestinal tract. Grossly,
angiolipomas are well circumscribed and yellow with
varying amounts of red surface. A characteristic feature
is fibrin thrombi within the vessels. The proportion of
adipose and vascular tissue varies from predominantly
lipomatous to predominantly angiomatous. Here we
describe the first case of rectal angiolipoma diagnosed
postoperatively.

CASE REPORT
Abstract
Angiolipoma is a common benign tumor with a characteristic vascular component that usually occurs in
subcutaneous tissue. Although lipomas are frequently
encountered at colonoscopy as submucosal tumors, angiolipomas are rarely found in the gastrointestinal tract
including the large intestine. Here we report a 77-year
old Japanese man who underwent transanal resection of
a tumor that was diagnosed tentatively as a leiomyoma.
Histologically, the tumor consisted of mature fat cells and
blood vessels. Immunohistochemically, the tumor cells
were negative for c-kit and HMB-45, which are consistently expressed in tumors such as gastrointestinal stromal tumor and angiomyolipoma. The tumor was therefore diagnosed as an angiolipoma. This is thought to be
the first case report of a surgically resected angiolipoma
of the rectum.
© 2007 The WJG Press. All rights reserved.

Key words: Angiolipoma; Angiomyolipoma; Gastrointestinal
stromal tumor
Ishizuka M, Nagata H, Takagi K, Horie T, Abe A, Kubota K.
Rectal angiolipoma diagnosed after surgical resection: A
case report. World J Gastroenterol 2007; 13(3): 467-469

http://www.wjgnet.com/1007-9327/13/467.asp

INTRODUCTION
Angiolipomas are subcutaneous tumors made up of
mature fat and prominent blood vessels, and usually
occur in young adults and older teenagers. They are rarely
larger than 2 cm in diameter, frequently multiple, and
characteristically tender or painful[1]. The most common

A 77-year old Japanese man was admitted to our hospital
with a 1-year history of anal bleeding. The patient lacked
any findings suggestive of tuberous sclerosis. He had no
cutaneous or retinal lesions, neurologic symptoms, or evidence of mental retardation. The family history and past
medical history were unremarkable. All routine laboratory
parameters, including carcinoembryonic antigen, were
within normal limits. A double-contrast barium enema revealed a sessile lesion in the periproctic area measuring 20
mm × 15 mm (Figure 1). A subsequent colonofiberscopy
disclosed a sessile-type submucosal tumor with internal
hemorrhoids, and the tumor had no reddish depression
or ulceration at its top (Figure 2). The other parts of the
colon and rectum appeared normal. A biopsy specimen
revealed proliferation of the muscle component with no
atypical cells. A tentative diagnosis of leiomyoma was
therefore made. Enhanced CT of the abdomen demonstrated a partially enhanced mass lesion with fat component which was not suspected of having infiltrated the
proper muscle layer, on the right wall of the lower rectum
(Figure 3). Trans-anal endoscopic ultrasonography revealed
that the tumor was located in the submucosal layer. Because the tumor was considered to be benign, and difficult
to resect by endoscopic surgery, we elected to perform
trans-anal tumor resection with an ultrasonically activated
device (Harmonic Scalpel®) to prevent bleeding from the
internal hemorrhoids. Under general anesthesia, with the
patient in the lithotomy position, we were able to approach
the anal side of the tumor easily and resect it without
massive oozing. Complete resection was performed with
a sufficient surgical margin from the submucosal tumor.
The total operation time was 42 min and bleeding was
only slight. The postoperative course was uncomplicated,
and the patient was discharged five days later. He was followed up for 12 mo at the outpatient clinic and no tumor
recurrence was observed during that time. Macroscopic
observation revealed that the sessile tumor, measuring 2
www.wjgnet.com
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Figure 1 Double-contrast barium enema
revealing a 20 mm × 15 mm sessile lesion
in the periproctic area (arrows).

Figure 2 Colonoscopy disclosing a sessile lesion
with a smooth surface.

A

Number 3

Figure 3 Enhanced CT of the lower abdomen demonstrating
a fat-containing and slightly enhanced mass at a slice level
corresponding to the right side of the lower rectum (arrow).

B

HE

α-SM-actin

Figure 4 The tumor composed of
a mixture of fat cells, proliferated
blood vessels, spindle cells and
immature mesenchymal cells (A),
smooth muscle of a blood vessel
demonstrating staining for alphasmooth muscle actin but not for
spindle cells (B), no tumor cells but
only a few histiocytes displaying
staining for c-kit (C), and no cells
showing positive staining for HBM-45
(D).

D

C

c-KIT

cm × 1.5 cm × 1 cm, was yellowish in color, located in
the submucosal layer and covered with normal mucosa. A
cross-section of the formalin-fixed tumor revealed massive
growth without a capsule. The proper muscle layer was not
infiltrated by the tumor. The tumor consisted of mature
fat cells and blood vessels of various sizes. No mitoses or
cytological atypia were found in the cells. Immunohistochemical staining for alpha-smooth muscle actin, S-100
protein, HMB-45 and c-kit was performed. Only the blood
vessels were positive for alpha-smooth muscle actin, and
the tumor cells were negative for HMB-45, c-kit and S-100
(Figure 4).

DISCUSSION
Angiolipoma was first described in 1912 by Bowen[2]. In
1960, Howard and Helwig[3] demonstrated that the clinicopathologic features of angiolipomas differ from those of
lipomas, thereby delineating angiolipoma as a new entity.
www.wjgnet.com
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Angiolipomas usually develop as encapsulated subcutaneous tumors, most commonly on the arms and trunk in
young adults. Only 15 cases of angiolipoma occurring
in the gastrointestinal tract were found in a MEDLINE
search. These angiolipomas were located in the esophagus
in one case[4], the stomach in 4 cases[5-8], the small intestine in 5 cases[9-13] and the colon in 5 cases[14-18]. The search
revealed no reported cases of rectal angiolipoma. There
are clinical differences between angiolipomas located in
the gastrointestinal tract and those commonly occurring
in subcutaneous tissue. The 15 reported gastrointestinal
lesions were all solitary, and 4 showed bleeding from the
tumor[5,8,9,13], all except one[7] occurring in elderly patients.
In the bleeding cases, the tumor was over 2 cm in diameter and the bleeding point was located on the top of the
tumor[14,16], which had a pumpkin-like shape[16]. In the present case, the tumor was less than 2 cm in diameter and its
surface was covered with smooth and normal mucosa. It
was thought that the tumor was too small to show a bleed-
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ing tendency. The differential diagnosis of angiolipoma includes angiomyolipoma[19], which is composed of smooth
muscle, fatty tissue and blood vessels. Because a minor
smooth muscle component was recognized in this case, the
initial pathological diagnosis was angiomyolipoma. However, examination in detail showed that proliferation of the
lamina muscularis mucosae might have caused physical irritation, especially during defecation, and that the smooth
muscle component was not a dominant component of
the tumor. Additionally, immunohistochemical staining for
HMB-45 was effective for differential diagnosis between
angiolipoma and angiomyolipoma. In this case, HMB45
staining was negative. However, there is a case report of
angiomyolipoma that was immunohistochemically negative
for HMB45[15]. In addition, pathologically, angiomyolipoma
is common in the kidney and is often associated with dermatomyositis.
Angiomyolipoma is difficult to diagnose preoperatively
and is usually diagnosed as lipoma.
Surgical excision is the treatment of choice. The recurrence rate is high in cases that are inadequately resected,
but when the tumor can be removed completely, the prognosis is excellent. In this case, we selected transanal tumor
resection because of the difficulty to obtain a good field
for performing endoscopic resection[20] or transanal endoscopic microsurgery for this periproctic tumor with internal hemorrhoids that would bleed easily. Transanal tumor
resection allowed us to obtain a good field and we were
able to minimize bleeding from the internal hemorrhoids
by removing the tumor with a Harmonic Scalpel® with a
sufficient surgical margin.
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Abstract
A 34-year-old female complaining of abdominal fullness
was diagnosed as scirrhous gastric cancer (type 4’)
with peritonitis carcinomatosa in July 2002. A combined
chemotherapy regimen was selected to control massive
®
2
ascites; TS-1 80 mg/m was given orally on d 1-14,
2
22-35, and paclitaxel 50 mg/m was administered
intravenously on d 1, 8, 22 and 29. After 2 courses of
this regimen, the primary tumor was markedly reduced,
and ascites completely vanished. Alopecia (grade 1,
since d 30), leukocytopenia (grade 2, on d 34) and
anemia (grade 2, on d 34) were the only adverse events
throughout the following courses. The chemotherapy
was effective for 28 mo, and then it was discontinued
upon the patient’s own request, and she survived for 36
mo after diagnosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Scirrhous gastric cancer has long been, and still is a

www.wjgnet.com

devastating disease, especially when it is complicated with
peritonitis carcinomatosa, which has no effective treatment
at all up to date. On the other hand, the introduction of
novel antineoplastic agents and protocols has led to certain
improvement in the treatment of gastric cancer, including
distant metastasis and/or malignant ascites. Here we
report a case of scirrhous gastric cancer with peritonitis
carcinomatosa, treated with repetitive courses of TS-1®
(Tegafur-Gimeracil-Oteracil potassium) plus paclitaxel,
which resulted in partial remission with disappearance
of malignant ascites for over 28 mo, and survival of the
patient for 36 mo after diagnosis.

CASE REPORT
A 34-year-old female, complaining of abdominal fullness,
visited our hospital on 15th July, 2002. She has been
disturbed by epigastric discomfort, increasing abdominal
fullness and severe constipation for about a month.
And she gained weight by 5-6 kg within 2 mo. Physical
examinations showed obvious abdominal distension
with an abdominal circumference of 80.0 cm, and body
weight of 60 kg for a height of 167.5 cm. A low grade
fever (37.2℃) was the only abnormal finding in vital signs.
Laboratory data revealed no major abnormalities other
than hypercholesterolemia. CEA and CA19-9 were within
normal range, while CA125 was slightly elevated (Table
1). A paracentesis was performed to examine the ascites,
and the findings were as follows: turbid and yellow colored,
specific gradient = 1.034, with 1070 cells/mm3 including many
clusters of adenocarcinoma cells. A gastroscopy revealed
conspicuous swelling of gastric fold with multiple erosions,
and poor wall expansion exclusively at the body. The antral
mucosa seemed almost intact except one submucosal
tumor (SMT) like lesion at the g reater cur vature.
Expandability at the antrum was fair (Figure 1A-C). A
biopsy examination confirmed poorly differentiated
adenocarcinoma and signet ring cell carcinoma. In upper
GI series, the wall expansion was poor at the body
(Figure 2A). Local and distant lymph node metastases
were unlikely on CT scan images; yet massive ascites were
detected, extending from the liver surface to the pelvic
cavity (Figure 3A and B). A barium enema revealed severe
stenosis of the rectosigmoid colon, probably caused by
the extrinsic compression due to peritonitis carcinomatosa
(Figure 4A). We therefore diagnosed this case as “scirrhous
gastric cancer (type 4’) with peritonitis carcinomatosa”.
We selected TS-1 ® and paclitaxel as a combined

®
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Figure 1 Gastroscopic findings at diagnosis (upper lane, A-C) and after 4 courses of chemotherapy (lower lane, D-F). A: Lower body: Wall thickening and erosions can be
observed; B: Mid body: Wall expandability is extremely poor in this part; C: Antrum: An SMT like lesion at the greater curvature suggests submucosal invasion of the cancer;
D: Lower body: Wall thickening is less prominent; E: Mid body: Wall expandability has drastically improved; F: Antrum: the SMT like lesion has disappeared.

chemotherapy regimen. TS-1 ® 80 mg/m 2 was given
orally on d 1-14 and 22-35, and paclitaxel 50 mg/m 2
was administered intravenously on d 1, 8, 22 and 29.
One course consisted of 35 d, and the following 2 wk
were spent as a drug-free period. After 2 courses, the
primary tumor was markedly reduced, and the gastric
wall expandability improved (Figure 1D-F) (Figure 2C).
Ascites have completely vanished (Figure 3C and D), and
wall expandability of the sigmoid colon was also improved
(Figure 4B).
Adverse effects were carefully monitored and
evaluated according to the NCI-CTC criteria. Transient
leukocytopenia (grade 2, WBC 2700/μL) and anemia (grade
2, Hb 93 g/L) were observed on d 34, however, both
improved during the late courses. Alopecia (grade 1, since
d 30) was the only adverse event throughout the following
courses.
Since the 1st of August 2002, this regimen was
performed predominantly at home, except during the
days of paclitaxel infusion (2 days’ admission for each),
and 27 courses have been completed with the patient in
partial remission state, with neither ascites progression
nor impairment of activity of daily living. In November
2004, the patient requested to stop further treatment, and
the chemotherapy was disrupted in the 28th month since
the initial diagnosis. After a 2 mo interval, the patient was,
again, hospitalized for the recurrence of massive ascites
in January 2005. TS-1® + paclitaxel regimen was resumed
immediately; yet the control of ascites was difficult.
Despite following several months of treatment, the patient
died of peritonitis carcinomatosa in July 2005, 36 mo

Table 1 Laboratory findings on admission
WBC
Neutrophil
Eosinophil
Basophil
Monocyte
Lymphocyte
RBC
Hematocrit
Hemoglobin
MCV
MCH
MCHC
Platelet
Total protein
Albumin
GOT
GPT
LDH

5.3 × 109/L
75.4%
1.9%
0.8%
3.9%
18%
4.12 × 1012/L
38.1%
126 g/L
92.5 fL
30.6 pg
331 g/L
2.6 × 1011/L
67 g/L
37 g/L
23 IU/L
21 IU/L
275 IU/L

ALP
Total bilirubin
Glucose
Total cholesterol
Triglyceride
Na
Cl
K
BUN
Creatinine
CRP
CEA
CA19-9
CA125
PT
APTT
Fbg

142 IU/L
5 mg/L
830 mg/L
3210 mg/L
770 mg/L
143 mEq
107 mEq
3.7 mEq
153 mg/L
8 mg/L
1 mg/L
< 0.2 μg/L
9.7 kU/L
44 kU/L
10.6 s (99%)
29 s
2600 mg/L

Hypercholesterolemia and mild elevation of CA125 were the only
abnormal findings. WBC: White blood cells; RBC: Red blood cells; MCV:
Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC:
Mean corpuscular hemoglobin concentration; GOT: Glutamic oxaloacetic
transaminase; GPT: Glutamic pyruvic transaminase; LDH: Lactate
dehydrogenase; ALP: Alkaline phosphatase; BUN: Blood urea nitrogen; CRP:
C-reactive protein; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate
antigen 19-9; CA125: Carbohydrate antigen 125; PT: Prothrombin time;
APTT: Activated partial thromboplastin time; Fbg: Fibrinogen.

after the diagnosis. The primary tumor in the stomach
has been reduced in size, and no metastases other than in
peritoneum were detected.
www.wjgnet.com
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Figure 2 Upper gastrointestinal series before
(A) and after treatment (B). A: At diagnosis, wall
thickening and loss of expandability is prominent at
the body, while normal mucosa is relatively spared
at the antrum; B: After 6 courses of chemotherapy,
the expandability at the body has restored.

B

A

B

C

D

DISCUSSION
The prognosis of scirrhous gastric cancer (type 4’) is
extremely poor, and the 5-year survival rate is reported
to be 8.7%-11.3% [1,2]. According to Green et al [3], the
median survival time (MST) is estimated to be 5.4 mo
with chemotherapy, and 1.1 mo with best supportive
care. Peritoneal invasion is found in many advanced
cases, and even after treatment most of them recur
with peritonitis carcinomatosa. Many attempts have
been made to treat these cases, for example, systemic/
intraperitoneal administration of antineoplastic agents,
immunomodulative therapy or hyperthermia, yet none of
them have proved prominent efficacy.
On the other hand, TS-1®, both in monotherapy and
combined chemotherapy, has shown superior results in the
treatment of gastric cancer. In a phase Ⅱ trial in Japan,
single administration of TS-1® yielded a higher efficacy
(46.5%, 60/129 cases), longer MST (8.1 mo), with a lower
incidence of adverse events than historical controls (5-FU,
DXR, MTX + LV, CDDP). It proved to be one of the
www.wjgnet.com
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Figure 3 CT scan findings
before (Left, A and C)
and after 6 courses of
chemotherapy (Right, B
and D). A: Antral level:
Wall thickening at the body
and massive ascites are
detected; B: Antral level:
Wall thickening at the body
is less prominent and no
ascites can be observed;
C: Pelvic level: Massive
ascites extend to pelvic
level; D: Pelvic level:
Ascites have completely
vanished.

most promising antineoplastic agents[4]. However, against
poorly differentiated gastric cancer, the agents above
are effective in only a certain proportion of patients.
Peritonitis carcinomatosa is especially difficult to treat and
is critical to the prognosis. There are several case reports
demonstrating the effect of TS-1 ®, as a monotherapy,
against malignant ascites, but evidences from clinical
trials are yet to come. To achieve a higher response rate in
treating peritonitis carcinomatosa, local concentrations of
the agents in ascites are an important factor, and the agents
should have different pharmacological effects from TS-1®.
Taking these into consideration, we selected paclitaxel
as the counterpart of TS-1®, based on the evidence that
paclitaxel is highly infiltrative into ascites[5].
Paclitaxel is a novel antimitotic agent, which promotes
tubulin polymerization and stabilizes microtubules,
resulting in inhibition of mitosis. Besides, it is said to
induce tumor apoptosis and inhibit tumor angiogenesis[6].
This agent has been selected as one of the second-line
drugs against gastric cancer, especially for cases refractory
to first-line drugs (i.e., CDDP, 5-FU) or recurrent cases
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Abstract
Pancreatic tuberculosis is an extremely rare form of
extrapulmonary disease. The diagnosis preoperatively
is difficult because clinical, laboratory and radiologic
findings are nonspecific. Published data indicate that
these lesions mimic cystic neoplasms of the pancreas
and the confirmation of clinical suspicion could only
be obtained by an open surgical biopsy. Recently, fine
needle aspiration cytology has been shown to be a safe,
reliable and cost-effective alternative. We report a new
case of a peripancreatic tuberculosis in a 52 year old
woman and review the relevant literature, paying special
attention to the usefulness of endoscopic ultrasound
guided-fine needle aspiration in the diagnosis of
abdominal tuberculosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Tuberculosis is a potentially systemic disease that can
affect any organ[1]. Extra-pulmonary organ involvement
of tuberculosis is estimated to occur in 10% to 15% of
www.wjgnet.com

the patients noninfected by HIV. With the increasing
use of immunosuppressants and the emergence of
AIDS, there has been a resurgence of tuberculosis and
the frequency is about 50% to 70% in patients infected
by HIV [2]. Abdominal tuberculosis is one of the most
prevalent forms of extra-pulmonary diseases. Abdominal
infection with tuberculosis commonly affects the spleen,
liver and ileo-cecal region. Pancreatic tuberculosis is an
extremely rare disease, especially when it is isolated in the
pancreas[3]. The abdominal form of tuberculosis has an
insidious course without any specific clinical, laboratory
or radiological findings[4]. As a result, the diagnosis of
abdominal tuberculosis is correct in only 35%-50% of
cases and a diagnostic delay is not unusual[5]. Most cases
are not diagnosed preoperatively because special staining
of biopsy specimens is necessary and cultures of the
aspirate require prolonged incubation[6].
A case is presented that highlights the benefit of
endoscopic ultrasound (EUS) for evaluation of pancreatic
and peri-pancreatic lymphadenopathy tuberculosis. In
particular, this case demonstrates the value to obtain
suitable tissue samples by EUS fine needle aspiration, thus
avoiding unnecessary surgical explorations.

CASE REPORT
A 52-year-old woman, native of a small city in Lebanon,
was admitted to the hospital for abdominal pain and fever.
She was a cigarette smoker (60 pq/year) without excessive
alcohol consumption and had a history of pulmonary
embolism. She had been well until one month earlier, when
mild epigastric pain developed. Four days before admission,
the abdominal pain became constant and severe and
nausea developed. She had also chills without frank rigors
and a weight loss of 8 kg. The temperature was 38.5℃,
the pulse was 100 beats/min, and the respiratory rate was
20 breaths/min. The blood pressure was 130/85 mmHg.
On physical examination, the patient did not appear to
be severely suffered and there was no jaundice. The lungs
and heart sounds were normal. The abdomen was flat, and
bowel sounds were present. There was a diffuse abdominal
tenderness without rebound tenderness. No mass or
hernia was detected. The arms and legs were well perfused.
No abnormalities were found on rectal examination.
The WBC was normal. C reactive protein (CRP) was
moderately elevated (40 UI, normal < 6). The plasma
levels of urea nitrogen, creatinine, glucose, electrolytes,
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Figure 1 Abdominal computed tomograph revealed a heterogeneously enhanced,
multicystic structure, 3 cm in diameter, cephalad to the pancreatic head.

Figure 2 EUS with a radial echoendoscope revealed a large, 2-2.5 cm anoechoic,
homogenous, well-defined mass which lay adjacent to the neck of the pancreas.

Figure 3 EUS-guided FNA of the peripancreatic lesion was performed using a
linear-array echoendoscope.

Figure 4 Staining with Ziel Nielson within 30 min yielded a positive result for acidfast bacilli.

bilirubin, amylase and lipase were normal. Activities of
aspartate aminotransferase, alanine aminotransferase and
alkaline phosphatase were normal. The total protein level
was 75 g/L. A stool specimen was negative for occult
blood. The urinalysis was normal. Serologic tests of wright
and widal were normal. Radiographs of the abdomen in
the supine and upright positions showed air-filled loops of
the small bowel, without dilatation or air-fluid levels. No
abnormal calcifications were identified. Abdominal and
pelvic computed tomographic (CT) studies, performed
after the oral and intravenous administration of contrast
material, revealed a heterogeneously enhanced, multicystic
structure, 3 cm in diameter, cephalad to the pancreatic
head (Figure 1). The remainder of the pancreas was
unremarkable. The liver, spleen, gallbladder, adrenal
glands, kidneys, distal small bowel, colon, urinar y
bladder, and imaged bones were unremarkable, and no
retroperitoneal lymphadenopathy was evident. EUS with
a radial echoendoscope (GF-UM160; Olympus [key med],
UK) revealed a large, 2-2.5 cm anoechoic, homogenous,
well-defined mass, which lay adjacent to the neck of the
pancreas (Figure 2). Another homogeneous tumor, 1 to
1.3 cm in diameter, was detected between splenic vessels.
EUS-guided FNA (EUS FNA) of the peripancreatic lesion
was performed using a linear-array echoendoscope (GF-UC
160P, Olympus) (Figure 3). Blood-stained cellular aspirates

were obtained in a total of 2 passes with a 22-gauge
needle (Echotip; Wilson Cook). An initial examination
of the specimen was not diagnostic (squamous cells,
macrophages, and inflammatory cells with no malignant
tumor cells). Staining with Ziel Nielson within 30 min
yielded a positive result for acid-fast bacilli (Figure 4).
Although the patient had no personal or familial history
of tuberculosis, the tuberculin test result was positive. The
diagnosis of tuberculosis was adopted, and we initiated a
four-drug regimen. She was treated with that regimen for 2
months and tolerated it well.

DISCUSSION
Tuberculosis of the pancreas and peripancreatic lymph
nodes in immunocompetent patients is rare and could
present a diagnostic challenge[1]. The main symptoms are
non-specific: epigastric pain, fever, anorexia and weight
loss. The duration of symptoms prior to presentation
ranges from 5 d to 5 mo[7]. This rare infection usually starts
in the peripancreatic lymph nodes and initially spares the
pancreas[8]. Tuberculosis can affect the pancreas either by
contiguous spread from the peripancreatic lymph nodes or
by hematogenous spread[9].
The diagnosis remains difficult and it is especially
difficult to differentiate pancreatic tuberculosis from a
www.wjgnet.com
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pancreatic tumor[1]. Lesions resulting from mycobacterial
infection of the pancreas are often complex and cystic
and they mimic cystic neoplasms of the pancreas [10-11].
Their cystic nature and the finding of rim enhancement
on CT studies probably reflect the presence of central
necrosis [12]. The diagnosis of abdominal tuberculosis
classically requires microbiological and culture
confirmation of mycobacterium tuberculosis[13]. In the
past, histopathological and/or bacteriological confirmation
of the clinical suspicion of abdominal tuberculosis could
only be obtained by an open surgical biopsy[14]. During
recent years, fine needle aspiration cytology (FNAC) has
been shown to be a safe, quick, reliable and cost-effective
alternative for obtaining tissue for cytopathological and
bacteriological examination[15]. US guided FNAC is widely
accepted as an accurate and safe technique for obtaining
tissue from lesions located in virtually any region of the
body[16]. In a study by Das et al[17], US guidance helped
in obtaining an adequate sample in a significantly higher
percentage of cases (84.6%) compared with non-guided
FNAC (61.5%). On the basis of cytomorphological
analysis, results were classified into four groups as
follows: (1) definite evidence of tuberculosis: epithelioid
granulomas or necrotic material positive for acid-fast
bacilli (AFB); (2) presumptive evidence of tuberculosis:
epithelioid granulomas with or without necrosis but
negative for AFB; (3) suggestive of tuberculosis, presence
of necrotic material only with AFB negativity, but in
an appropriate clinical setting and with characteristic
radiological findings; (4) negative for tuberculosis, presence
of atypical inflammation or inadequate material or non
representative samples[14].
EUS has been shown to have a high sensitivity
for detecting pancreatic masses, although its ability to
distinguish a malignancy from an inflammatory disease
may be limited[18]. EUS guided-FNA may detect a variety
of pathologic processes in the pancreas, including
malignant or benign neoplasms, pseudocysts, and reactive
changes. Pancreatic EUS guided-FNA allows an accurate
and safe diagnosis without the risk, the cost, and the time
expenditure of an open biopsy or laparotomy. A review
of the literature about image-guided FNA biopsy of
the pancreas reveals a relatively high overall sensitivity
(64%-98%), specificity (80%-100%), and positive predictive
value (98.4%-100%)[19]. Recent technologic advances have
made EUS-guided FNA of pancreatic lesions practical.
In a study by Volmar et al[20], a logistic regression analysis
showed that for lesions < 3 cm, the EUS-guided FNA
method had higher accuracy than US or CT guided-FNA
and no statistically significant difference was seen for
larger lesions or for the number of FNA passes. Tumor
seeding along a needle tract is an established complication
of percutaneous sampling of pancreatic masses under CT
or transcutaneous US guidance. The risk of peritoneal
carcinomatosis appears to be lower with EUS-guided FNA
compared with transcutaneous sampling methods[21]. This
is a potential advantage often cited for EUS-FNA. For
these reasons, EUS-guided FNA is the method of choice
to obtain a tissue sample from the pancreas.
The present case illustrates the usefulness of EUS
guided-FNA in the diagnosis of tuberculous lymphadenitis
www.wjgnet.com
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involving peripancreatic lymph nodes.
In conclusion, EUS guided FNA offers a safe and
accurate method of achieving a diagnosis in patients
with suspected abdominal tuberculosis who present with
radiologically demonstrable lesions, especially involving
the lymph nodes. EUS guided-FNA should be used as a
first step in the diagnosis of abdominal tuberculosis. A
laparotomy should be performed only when complications
develop or the diagnosis remains unclear in spite of these
diagnostic modalities.
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Abstract
Isolated pancreatic tuberculosis is an extremely rare
condition, more so in an immunocompetent individual.
Its presentation as pancreatic abscesses with colonic
perforation has not been reported so far. This condition
poses difficulties in clinical diagnoses. Herein we
report a case who was operated in another hospital for
pancreatic abscesses, and referred to our institution
later when he developed fecal peritonitis due to colonic
perforation. Re-laparotomy, resection and exteriorisation
of the colon were done. Acid fast bacilli was seen in the
histopathological examination of the resected colon.
The patient responded remarkably to anti-tuberculous
therapy and two sittings of debridement. Post procedure
the patient developed pancreatic fistula, which was
m a n a g e d s u cc e ssful ly wi t h st ent ing. Panc reat ic
tuberculosis should be considered as a differential
diagnosis when pancreatitis is atypical.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Tuberculosis (TB) of the abdomen is seen in 12% of
patients with miliary TB[1]. Isolated involvement of the
pancreas without military TB or immunocompromised
status is extremely rare. In view of the non-specific clinical
presentation, the disease can elude a diagnosis, but once
diagnosed it responds favourably to anti-tuberculous
therapies (ATT).

CASE REPORT
A 28-year-old male patient was admitted to the casualty
department with suspected fecal peritonitis 10 d after
having underg one a laparotomy and drainag e for
pancreatic abscesses at another hospital. He was put on
continuous peritoneal lavage. The patient had a history
of vague back pain for the past 6 mo. The diagnosis was
based on a CT scan as he presented with an unexplained
and non-responding fever. CT showed multiple hypodense
well defined lesions behind the pancreas (Figure 1).
On admission to our institution, the patient was in a
state of severe sepsis with ventilator and hemodynamic
support. His abdomen was distended and there was
feculent discharge from the main wound and drain. The
patient underwent an exploratory laparotomy, which
revealed 1 L of purulent fluid and two perforations in
the transverse colon. The pancreas appeared edematous
and collections of pus were found behind the head of
the pancreas. Limited segmental excision of the colon,
peritoneal lavage, proximal colostomy and end mucous
fistula were done. The patient was managed in the
intensive care unit (ICU) in the post-operative period. The
patient continued to be in sepsis and was performed a reexploration, lavage, and laparotomy.
Histopathological examinations (HPE) revealed acid
fast bacilli (AFB) (Figure 2) in the specimen of the serosal
side of the colon and hence the patient was started on
streptomycin/izoniazid/rifampicin/ethambutol. The
patient recovered well in the post operative period except
for increased pancreatic fluid in the drain tube (71 318 IU/L).
The ERCP showed pancreatic ductal disruption and a
normal biliary tree. Pancreatic stenting was done. Two days
later he was operated for the wound closure. The patient
improved with ATT/antibiotics/octreotide/ionotropes
and nutritional support and was discharged after two
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Figure 1 Low density area within lymph node.

Figure 2 Acid fast bacilli.

weeks. He has improved and gained weight on follow
up. A colostomy closure is planned as he has recovered
completely.

is the commonest finding on HPE. In almost half of the
patients with extra pulmonary TB, Ziehl Neelson staining
for AFB and prolonged culture for mycobacterium
tuberculosis has been found negative [8]. Very few are
diagnosed by FNA/BIOPSY[5-10]. Once the diagnosis has
been established, the majority of patients with tuberculosis
respond favourably to ATT[5].
In view of the nonspecific clinical presentation and
absence of pathognomonic features on imaging studies,
the physician should be alert and have a high index of
suspicion, particularly when dealing with young patients,
coming from endemic areas with a short duration of
symptoms of common pancreatic diseases.

DISCUSSION
TB of the pancreas is a rare disease and the incidence
has been reported to be around 0%-4.7%[2,3]. So far 38
cases of TB of the pancreas were reviewed in a report
published in 2000 [4] and many more case reports have
been published. Various modes of presentation have been
reported including pancreatic abscesses[5], acute or chronic
pancreatitis, gastrointestinal (GI) bleeding, obstructive
jaundice, portal vein obstruction and pancreatic mass
mimicking malignancy. Our case is an extremely rare
presentation with pancreatic abscesses and colonic
perforation. The patient did not have a personal or
family history of TB and was immunocompetent with no
evidence of any other foci of TB.
Infection is said to involve the pancreas by direct
extension, lymphohematogenous dissemination or
following reactivation of previous abdominal TB [5,6].
Contrast enhanced CT (CECT) scans may demonstrate
a focal hypodense mass, diffuse enlargement of the
pancreas, but none of the signs are pathognomonic. Ring
enhancement or low-density areas within enlarged lymph
nodes should make one suspect tuberculous lymph nodes[7].
In the case we have reported the diagnosis of TB was a
surprise and was revealed on HPE of the biopsy specimen
obtained at a laparotomy[5], the demonstration of AFB
is even more rare as most of the abdominal tuberculosis
are paucibacillary. Percutaneous image guided fine
needle aspiration of suspicious lesions might suggest the
diagnosis of tuberculosis, thereby obviating the need for a
diagnostic laparotomy[5].
The presence of caseating granulomatous inflammation
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Abstract
A 54-year old man with a family history of hyperlipidemia
was admitted with a 12 h history of severe generalized
abdominal pain associated with nausea, vomiting and
abdominal distension. Examination of the abdomen
revealed tenderness in the periumblical area with shifting
dullness. Serum pancreatic amylase was 29 IU/L and
lipase 44 IU/L, triglyceride 36.28 mmol/L. Ultrasound
showed ascites. CT of the abdomen with contrast
showed inflammatory changes surrounding the pancreas
consistent with acute pancreatitis. Ultrasound (US)
guided abdomen paracentesis yielded a milky fluid with
high triglyceride content consistent with chylous ascites.
The patient was kept fasting and intravenous fluid
hydration was provided. Meperidine was administered for
pain relief. On the following days the patient’s condition
improved and he was gradually restarted on a low-fat
diet, and fat lowering agent (gemfibrozil) was begun,
600 mg twice a day. On d 14, abdomen US was repeated
and showed fluid free peritoneal cavity. The patient was
discharged after 18 d of hospitalization with 600 mg
gemfibrozil twice a day. At the time of discharge, the
fasting triglyceride was 4.2 mmol/L. After four weeks the
patient was seen in the clinic, he was well.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
There are many etiologic factors leading to pancreatitis.
www.wjgnet.com

Hypertriglyceridemia (HTG) is seldom diagnosed as one
of these factors. Pancreatitis secondary to HTG, presents
typically as an episode of acute pancreatitis (AP) or
recurrent AP, rarely as chronic pancreatitis. Although AP
often requires clinicians to rely on laboratory tests, such as
serum amylase and lipase, as diagnostic aids, patients with
acute pancreatitis secondary to HTG can have normal
amylase[1] and lipase levels. Furthermore, acute pancreatitis
is a recognized cause of chylous ascites[2]. Association of
normal amylase and lipase acute pancreatitis secondary to
HTG with chylous ascites is extremely rare. A PubMed
search of the literature revealed no cases with such
association. We report here an exceptionally rare case
of a 54-year old man with chylous ascites secondary to
hyperlipidemic pancreatitis with normal serum amylase
and lipase.

CASE REPORT
A 54-year old man was admitted with a 12 h history of
severe generalized abdominal pain associated with nausea,
vomiting and abdominal distension. His history was
negative for weight loss, malignancy, recent abdominal
surgery, travel abroad, abdominal trauma, and underlying
liver or kidney diseases. He had a positive family history
of hyperlipidemia. Initial examination was notable for a
temperature of 37℃, pulse 113 beats/min, respiratory rate
16/min, and blood pressure 130/85 mmHg. The patient
appeared ill and examination of the abdomen revealed
tenderness in the periumblical area with shifting dullness
but without organomegaly. Rectal examination was normal.
The remainder of the examination was unremarkable.
Initial investigations showed hemoglobin level of 150
g/L, total leucocyte count 12 × 109/L (60% neutrophils,
31% lymphocytes) and adequate number of platelets.
Blood chemistry, liver function test and coagulation profile
were normal. Serum pancreatic amylase was 29 IU/L
(normal, 15-55 IU/L) and lipase 44 IU/L (normal, 1360 IU/L), triglyceride 36.28 mmol/L, total cholesterol
5.2 mmol/L. On the next day serum pancreatic amylase
was 45 IU/L, lipase 50.2 IU/L, and fasting triglyceride 25
mmol/L. An antibody to human immunodeficiency virus
was negative.
Ultrasound showed fluid collection (ascites) but could
not visualize the pancrease. CT of the abdomen and
pelvis with contrast showed pelvic ascites (Figure 1A) and
inflammatory changes surrounding the pancreas consistent
with acute pancreatitis (Figure 1B). The pancreas was well
demarcated and homogenous with no focal lesions. No
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abnormal masses or enlarged lymph nodes were found.
Acute pancreatitis secondary to hypertriglyceridaemia
was diagnosed despite normal plasma amylase and lipase
concentrations. Ultrasound-guided abdomen paracentesis
yielded a milky fluid with the following biochemical
composition: 3.2 g/L triglycerides, 0.85 g/L cholesterol, 49
g/L total protein, 30 g/L albumin, 0.72 g/L glucose and
121 U/L LDH. Cell count of the fluid was 230 × 106/L
and no acid-fast bacilli (AFB) were present in smear. This
high triglyceride ascites was consistent with chylous ascites.
The patient was kept fasting from the first hospital day,
and intravenous fluid hydration was provided. Meperidine
was administered for pain relief. On the 5th hospital day
the pain reduced and the serum pancreatic amylase was
48 IU/L, lipase 55 IU/L, and triglyceride 16.2 mmol/L.
On the 6th d a low fat diet was resumed and fat lowering
agent (gemfibrozil) was initiated, 600 mg, twice a day. On
14th d abdomen ultrasound (US) was repeated and showed
fluid free peritoneal cavity. Workup for lymphoma and
malignancy including chest CT, colonoscopy and upper
endoscopy were negative. A culture of ascitic fluid for TB
infection was negative. The patient was discharged after 18
d of hospitalization with gemfibrozil 600 mg twice a day.
At the time of discharge, the serum pancreatic amylase
was 15 IU/L, lipase 33 IU/L, and triglyceride 4.2 mmol/L.
On follow-up evaluation approximately 4 wk after
the patient was discharged from the hospital, the patient
was symptom free. Repeat physical examination was
unremarkable. Laboratory evaluation yielded serum
pancreatic amylase of 8 IU/L and lipase of 20 IU/L,
triglyceride of 3.2 mmol/L. Abdomen ultrasound and CT
showed fluid free peritoneal cavity with normal pancreas.

DISCUSSION
Acute pancreatitis is an important cause of acute upper
abdominal pain. Because its clinical features are similar to
a number of other acute illnesses, it is difficult to make
a diagnosis only on the basis of symptoms and signs.
Acute pancreatitis can be suspected clinically, but requires
biochemical and radiologic and sometimes histologic
evidence to confirm the diagnosis.
The diagnosis is most often confirmed by evaluation
of serum amylase and lipase levels. The diagnosis of acute
pancreatitis is made by a serum amylase activity four times
above normal (or by a lipase activity greater than twice the

481
Figure 1 CT of the abdomen with
contrast showing pelvic ascites
(A) and inflammatory changes
surrounding the pancreas (B). The
pancreas is well demarcated and
homogenous with no focal lesions.

upper limit of normal)[3].
The sensitivity and specificity of amylase and lipase are
reported to be considerably dependent on the detection
method used, ranging from 70% to 100% and 33% to
89% for serum amylase, and from 74% to 100% and 34%
to 100% for serum lipase, respectively [4]. Recognizing
factors that reduce the sensitivity and specificity of serum
amylase and lipase can help prevent misdiagnosis and
allow for appropriate treatment. Factors that can lead to
normal amylase and lipase values are hypertriglyceridemia
(as in this patient) and extensive pancreatic necrosis (acute
fulminant or acute chronic pancreatitis)[5].
In such patients (as in this patient) CT scanning
provides an accurate confir mation of clinical and
laborator y findings and offers excellent anatomic
and morphologic representation of the pancreas and
peripancreatic tissue.
It was observed that plasma triglyceride levels higher
than 500 mg/dL interfere with in vitro determination of
the actual amylase level by preventing the calorimetric
reading of the assay end point[4]. However, the reasons
for normal serum amylase and lipase level in patients
with hypertriglyceridemia-associated pancreatitis are still
a dilemma. We reviewed the files of the patients admitted
to our hospital with acute pancreatitis, from January
2004 to December 2005. The number of patients labeled
as hypertriglyceridemia-associated pancreatitis was 18,
of which only one patient (5.5%) had normal serum
amylase and lipase level. Serial dilutions of the patient’
s sample with the assay buffer to reduce interference of
light transmission by hyperlipidemic serum can reveal an
abnormal amylase value that was previously masked by the
lactescent plasma[1].
Overall, although pancreatitis caused by
hypertriglyceridemia has the same prognosis as other
causes of the acute episode [6] , early recognition and
treatment have been shown to hasten clinical recovery[7,8].
True chylous ascites is defined as the presence of
ascitic fluid with high fat (triglyceride) content, usually
higher than 2 g/L, although some authors use a cutoff
value of 1.1 g/L [9-12] . Tr ue chylous ascites must be
distinguished from chyliform and pseudochylous effusions,
in which the turbid, milky appearance is due to cellular
degeneration caused by bacterial peritonitis or malignancy.
A low triglyceride level is characteristic of these effusions.
There are multiple causes of chylous ascites. The
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most common causes in Western countries are abdominal
malignancy and cirrhosis, which account for over twothirds of all cases. In contrast, infectious etiologies
(i.e., tuberculosis and filariasis) are responsible for the
majority of cases in developing countries. Other causes
include congenital, inflammatory (e.g., acute and chronic
pancreatitis), post-operative, traumatic, and miscellaneous
disorders.
Kelley and Butt of the Mayo Clinic[13] reported that 62
(87%) of 71 cases of chylous ascites, were secondary to
malignancy.
C hy l o u s a s c i t e s m i g h t o c c u r d u e t o d i f f e r e n t
mechanisms [14] : (1) obstr uction of the lymph flow
caused by external pressure (mass) causing leakage
from dilated subserosal lymphatics into the peritoneal
cavity; (2) exudation of lymph through the walls of
dilated retroperitoneal vessels lacking valves, which leak
fluid through a fistula into the peritoneal cavity as in
congenital lymphangiectasia; and (3) traumatic thoracic
duct obstruction causing direct leakage of chyle through a
lymphoperitoneal fistula.
Basically, acute or chronic pancreatitis, can cause
compression of adjacent lymphatic channels resulting in
chylous ascites[15].
Conservative medical treatment should be the first
step in managing all patients with chylous ascites. The
treatment should be directed at the underlying disorder.
In this patient, cure of acute pancreatitis and reduction
in triglyceride level led to resolution of chylous ascites.
General measures include withholding oral feedings and
starting total parenteral nutrition to minimize pancreatic
exocrine secretion[16]. One-third of patients can improve on
conservative management and do not require any further
intervention[17]. Treatment with somatostatin or octreotide
together with diuretics and repeated paracentesis may be
beneficial for some patients[18,19]. Some patients fail medical
therapy, ultimately requiring surgery[20].
In conclusion, relying solely on high serum amylase
and/or lipase level to establish the diagnosis of acute
pancreatitis is unjustified and should be abandoned,
because hypertriglyceridemia can cause spuriously
nor mal amylase and lipase levels. Consequently,
abdominal computer tomography scan might be useful
in establishing the diagnosis of acute pancreatitis when
hypertriglyceridemia interferes with the evaluation of
pancreatic enzyme activities and ultrasound examination
provides poor pancreatic visualization.
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Abstract
Spontaneous gastrojejunal fistula formation is an
extremely rare complication of gastric ulcer disease. We
report a 77-year old woman who presented with diffuse
abdominal pain, weight loss, malaise, nausea, and
occasional dark stools. Laboratory tests showed extreme
hyposideremic anemia with inflammatory syndrome. In
addition, biochemical parameters of malnourishment
were presented. Upper endoscopy revealed the patent
esophagus along the full length without any pathological
changes. Large and deep ulceration with perforation in
the small intestine was detected in the posterior gastric
wall. The small intestine loop was reached by endoscope
through spontaneously developed gastrojejunal fistula.
Polytopic biopsies of described ulcerative change
were carried out. Histopathologically reepithelialized
ulcerous zone was seen in the gastric mucosa. Also,
gastrojejunal fistula was visualized after wide opening of
hepatogastric and gastrocolic ligament. Jejunal loop 25
cm from ligament of Treitz was attached to mesocolon
and posterior gastric wall because of ulcer penetration.
Postoperative course was uneventful. Per oral intake
th
started on the 4 postoperative day, and the patient was
th
discharged on the 8 postoperative day. In summary,
this case indicates that persistent symptoms of peptic
ulcer disease associated with nutritional disturbances
may be caused by gastrojejunal fistula.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The inflammatory response to deeply penetrating peptic
ulcer can lead to formation of a fistula between the
stomach and duodenum or any structure nearby. Fistulae
to the pancreatic duct, biliary tract, and colon have
been described more commonly. Fistula arising between
the stomach and duodenum called “double pylorus”
is also a well-recognized complication of peptic ulcer
disease[1,2]. Rarely, duodenal ulcer can penetrate to adjoin
vascular structures and induce aorto-enteric or cavoenteric fistula[3,4]. Such fistulae are usually characterized
by less acute symptoms and in some instances represent
a very challenging problem. In each case in which fistula
is identified, cancer must be considered in differential
diagnosis. In general, the small intestine is not found in
proximity to the stomach or duodenum, protected as it is
by the transverse colon and mesocolon. However, fistula
to the small intestine has been reported to occur with
typical ulcer symptoms[5]. We present a case of gastric ulcer
disease complicated by gastrojejunal fistula.

CASE REPORT
A 77-year old woman was admitted for diffuse abdominal
pain, weight loss, malaise, nausea, and occasional dark
stools. Physical examination revealed malnourished,
pale skin and apparent mucosa. The abdomen was soft
(no local or rebound tenderness), diffusely painful,
mostly in epigastrium. Laboratory test showed extreme
hyposideremic anemia (HGB = 39 g/L, RBC=2.38 ×
1012/L, HCT = 13.4%, MCV = 5.64 × 10-14 L, and serum
Fe = 5.6 μmol/L) and inflammatory syndrome (ESR =
44 mm/h, fibrinogen = 7.4 g/L, C-reactive protein = 38.0
mg/L, and PLT = 813 × 109/L). In addition, biochemical
parameters of malnourishment were presented (such as
cholesterol level = 3.0 mmol/L, triglycerides = 0.6 mmol/L,
total proteins = 55.5 g/L, and serum albumins = 29 g/L).
Upper endoscopy revealed the patent esophagus along
the full length without any pathological changes. Large
and deep ulceration with perforation in the small intestine
was detected in the posterior gastric wall (Figure 1). The
small intestine loop was reached by endoscope through
spontaneously developed gastrojejunal fistula (Figure 2).
Antrum, pylorus, bulbus and postbulbar duodenum were
www.wjgnet.com
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Figure 2 Small intestine loop reached by endoscope through spontaneously
eloped gastrojejunal fistula.

A

Figure 1 Upper endoscopy showing large and deep ulceration in the posterior
gastric wall (A) and ulceration with perforation in the small intestine (B).

normal in appearance. Polytopic biopsies of described
ulcerative change were carried out. A histopathologically
reepithelialized ulcerous zone was seen in the gastric
mucosa. The signs of chronic antral atrophic inflammation
were noted around the ulcerous mucosal parts, with strong
activity, and hypersecretory and partially regenerative
foveolar hyperplasia. H pylori test result was negative.
The signs of non-specific active non-homogenous
inflammatory infiltration with occasional sero-hemorrhagic
superficial exudation were present in the mucosa of the
small intestine. Real-time abdominal ultrasonography and
computerized tomography findings were normal.
U p p e r c e n t r a l l a p a r o t o my wa s p e r f o r m e d . A
gastrojejunal fistula was visualized after wide opening of
hepatogastric and gastrocolic ligament. The jejunal loop
25 cm from ligament of Treitz was attached to mesocolon
and posterior gastric wall because of ulcer penetration
(Figure 3A). After careful division of the jejunal loop
from duodenojejunal reflection, the fistula was resected
(Figure 3B). The jejunal loop defect was closed after
wedge excision (histopathological verification ex tempore
confirmed benign finding), with two-layer 4.0 vicryl
(Ethicon) stitches. Subsequently, subtotal mastectomy was
performed because of another giant gastric ulcer proximal
to fistula. Gastrojejunostomy was created in the usual
fashion (two layers of 4.0 vicryl) continuously with retro
colic position of anatomists. After lavage and drainage
of the right sub hepatic space, the abdominal wound was
closed with Maxon-loop2 (Davis-Gecko). Postoperative
course was uneventful. Per oral intake started on the 4th
postoperative day, and the patient was discharged on the
8th postoperative day.

www.wjgnet.com

B

Figure 3 Hole in mescaline with gastrojejunal fistula (A) and defect in posterior
gastric wall after resection of fistula and deep gastric ulcer (B).

DISCUSSION
Spontaneous gastrojejunal fistula formation is rare and
its differential diagnosis is multifactorial. Malignancy
should be ruled out by careful endoscopic evaluation and
appropriate imaging studies. Precise etiologic determination
is necessary for proper management. In contrast to
gastrocolic fistula, symptoms of the gastrojejunal fistula
are those of the ulcer diathesis itself. However, if the
target region of the fistula is very proximal, there is no
short-circuiting of gastric contents; but if the target site is
distal, the symptoms and nutritional disturbances may be
similar to those observed with gastrocolic fistula[6].
Our patient manifested the symptoms of nutritional
disturbances other than symptoms of ulceration, abdominal pains and recurring hemorrhage. Matsuoka et al[7]

Ćulafić ĐM et al . Gastrojejunal fistula and gastric ulcer			

have described an 81-year old woman who had multiple
recurrences of gastric ulcer after the left femoral head
fracture, necessitating the mechanical bone head exchange
operation. Gastro-endoscopic examination revealed a giant ulcer with long-axis diameter of more than 5 cm in
the lesser curvature of stomach. Two weeks later, a fistula
was formed between the stomach and jejunum. It was successfully managed by intravenous H2-antagonist and oral
intake was restricted. Operative stress and application of
ipriflavone appeared to have induced gastric ulcer recurrence. However, malnourishment of the patient contributed to the development of fistula between the stomach
and jejunum which was very lean and had minimal mesenteric adipose tissue. Our patient was also lean with minimal
mesenteric adipose tissue. However, risk factors, H pylori
infection, nonsteroidal anti-inflammatory drug ingestion,
and operative stress were absent. Indications for surgery
are other complications such as free perforation, obstruction, refractory bleeding, or failure to heal with maximum
medical therapy and persistent symptoms, rather than the
fistula per se.
In case of our patient, surgical intervention was definitely indicated due to recurrent bleeding and symptoms
of nutritional disturbances. In addition, gastrojejunal fistula secondary to gastric cancer is extremely rare. Choi et al[8]
have described a 56-year-old man who was diagnosed with
advanced gastric cancer. Fluoroscopic examination visualized two abnormal passages of contrast medium from the
stomach: one to the colon, and the other to the jejunum.
Fiber gastroscopy revealed a tumor in the greater curvature of stomach which appeared to penetrate in the colon,
and a tumor in the antrum directly which invaded the
jejunum. Souma et al[9] have described a 55-year old man
seen for epigastralgia and weight loss. Barium radiography
and endoscopic study revealed a gastric cancer associated
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with gastrojejunal fistula. At laparotomy, they found that
the gastric tumor had extended to the transverse mesocolon, jejunum and pancreas, although no liver metastasis or
peritoneal dissemination was seen. In addition, this patient,
to their knowledge, is the fifth reported case in the world.
In summary, this case indicates that persistent symptoms
of peptic ulcer disease associated with nutritional disturbances may be caused by gastrojejunal fistula.
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To the Editor
In the UK, clear guidelines exist as to the expected level
of competence an individual endoscopist should achieve.
This is of utmost importance given the variance in
practice among endoscopic departments as highlighted
by the National Colonoscopy audit in 2002[1]. The audited
variables included sedation practice, caecal completion and
complication rates, but not the type of instrument used.
The type of instrument used has been shown by some
groups to influence colonoscopy performance; for example
paediatric colonoscopies are thought to aid intubation in
patients with fixed angulation of the colon whilst variable
stiffness colonoscopes are useful to negotiate tortuous
recto-sigmoid junctions. Several studies have attempted to
determine if different instruments have effects either on
caecal intubation or time to caecal intubation. The findings
however are conflicting, with some studies showing a
benefit [2-3] and others none [4-6]. Most of these studies
made comparisons between different types of Olympus
colonoscopes, i.e. single manufacturer rather than an
alternative (Fujinon/Pentax). Furthermore, only one
study[2] assessed the dose and type of sedation used whilst
in two studies[4,5], assessments were by a single experienced
endoscopist. Thus, it is difficult to conclude definitively if
a different make of colonoscope in less experienced hands
influences not only colonoscopic performance but also
sedation practice. The aim of this study was to determine
www.wjgnet.com

Table 1 Subject characteristics and summary of results
Total
(n = 199)

M:F Age (SD) Mean dose of No
CIR
(yr)
Mdz/mg (SD) sedation

Olympus CF 240 1:1.3 65 (± 14)
(n = 105)
Fujinon EC-450 1:2.1 64 (± 11)
(n = 94)

2.7 (± 1.4)
3.7b (± 1.4)

31 (30%) 102
(97%)
0
84d
(89%)

TIR
73
(70%)
46
(49%)

SD: Standard Deviation; Mdz: Midazolam; CIR: Caecal intubation rates; TIR:
Terminal ileal intubation rate. bP < 0.001, dP < 0.001 comparison between
Fujinon EC-450 and Olympus CF 240 on mean dose of Mdz and CIR.

if the type of colonoscope used could influence not only
caecal intubation rates but also sedation practice.
We studied 199 consecutive procedures on two sites
performed by a single endoscopist prospectively. The first
105 procedures were performed using the Olympus EVIS
CF 240 variable stiffness scope whilst the subsequent
94 were performed using a Fujinon EC-450 WL scope.
Demographic data, dose and type of sedation used as well
as caecal and terminal ileal intubation rates were recorded.
Results are shown in Table 1.
Indications for colonoscopy were similar in both
groups as were hysterectomy rates (5%). Mean list size
was 5 (range 4-6) patients and the number of therapeutic
procedures was 8 (8%) in the first 105 procedures and 20
(21%) in the subsequent 94. Adjusted completion rates
were superior with the Olympus colonoscope (97% vs
89%; P < 0.001) compared to the Fujinon colonosocpe.
Similarly, adjusted analgesic dose was also significant with
patients endoscoped with the Olympus colonoscope
requiring less Midazolam (2.7 mg vs 3.7 mg; P < 0.001)
whilst none required any opioid analgesics. Moreover, 30%
endoscoped with the Olympus colonoscope required no
sedation at all. Individual departmental caecal completion
rates were similar to those of the endoscopist in this study,
thereby precluding a learning curve phenomenon with
the different make of colonoscopes. Although this study
was not randomised and for obvious reasons cannot be
blinded, operator bias was reduced as the operator had
near equal experience with both types of scopes. This
is the first study to our knowledge that has compared
two different makes of instruments and shown that
it influences not only caecal intubation rates but also
sedation practice.
The optical performance of the Fujinon system is
deemed superior than that of the Olympus system[7] with
better resolution at target distances of less than 1 cm. A
‘back to back’ randomised study design, using the two

Arasaradnam RP et al . Influence of type of instrument on colonoscopic performance and sedation practice

different systems to determine rates of early mucosal
changes, would be required to determine if this was
clinically significant. The implications of colonoscopic
performance and sedation practice being influenced by
different makes of instrument are far reaching. It has
implications not only in training endoscopists but also
in assessing individual performance, particularly those
undertaking colon cancer screening.
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Abstract
Gastric acid plays an important role in digesting food
(especially protein), iron absorption, and destroying
swallowed micro-organisms. H+ is secreted by the
oxyntic parietal cells and its secretion is regulated by
endocrine, neurocrine and paracrine mechanisms.
Gastrin released from the antral G cell is the principal
physiological stimulus of gastric acid secretion. Activation
of the enterochromaffin-like (ECL) cell is accepted as the
main source of histamine participating in the regulation
of acid secretion and is functionally and trophically
controlled by gastrin, which is mediated by gastrin/CCK-2
receptors expressed on the ECL cell. However, longterm hypergastrinemia will induce ECL cell hyperplasia
and probably carcinoids. Clinically, potent inhibitors of
acid secretion have been prescribed widely to patients
with acid-related disorders. Long-term potent acid inhibition evokes a marked increase in plasma gastrin levels,
leading to enlargement of oxyntic mucosa with ECL cell
hyperplasia. Accordingly, the induction of ECL cell hyperplasia and carcinoids remains a topic of considerable
concern, especially in long-term use. In addition, the
activation of ECL cells also induces another clinical concern, i.e., rebound acid hypersecretion after acid inhibition. Recent experimental and clinical findings indicate
that the activation of ECL cells plays a critical role both
physiologically and clinically in the regulation of gastric
acid secretion.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
One of the main functions of the stomach is to produce
hydrochloric acid, which plays an important role in protein
digestion, iron absorption and particularly in destroying
swallowed micro-organisms [1,2]. The stomach is rich in
neuroendocrine cells[3-5]. At present, at least six endocrine
cells have been described in the stomach: G cells, D cells,
enterochromaffin-like (ECL) cells, A-like cells, D1/P
cells, and enterochromaffin (EC) cells. In the stomach,
G cells are found only in the antral mucosa, while A-like
and ECL cells are confined to the oxyntic mucosa[4]. D
and D1/P cells are found in both the antral and oxyntic
mucosa. These endocrine cells constitute approximately
2% of the oxyntic mucosal cells in rodents. The ECL cell
was originally described by Hakanson et al[6] and Capella
et al[7] respectively. However, its physiological function was
also long disputed, except for in rat where it was initially
recognised as the major histamine producing cell of the
stomach[8]. It is now recognized that the ECL cell is the
dominant endocrine cell in the oxyntic mucosa of all
mammals studied so far. Localization within the glands
differs from one species to another. In rodents, they are
mainly located in the basal third of the oxyntic mucosa.
Gastric acid is produced by the parietal cell in the oxyntic
mucosa [9], and the production of acid is regulated by
neurons, hormones and paracrine substances[10,11].
Gastrin released from the antral G cells, histamine
from the oxyntic ECL cells and acetylcholine (Ach) from
postganglionic cholinergic neurons are the main stimuli
of acid secretion[9]. The ECL cell is under the control of
gastrin. Gastrin-ECL cell axis activation has been found to
be important physiologically and pathophysiologically. In
this mini-review, we will summarize the physiological and
clinical significance of ECL cell activation in regulating
gastric acid secretion.

www.wjgnet.com

494

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

THE PHYSIOLOGICAL SIGNIFICANCE OF
ECL CELL ACTIVATION IN REGULATING
GASTRIC ACID SECRETION
Gastrin is a potent stimulus of gastric acid secretion by
stimulating the release of histamine from ECL cells[12-16].
The gastrin-ECL cell axis plays a critical role in regulating
acid secretion from parietal cells. In the totally isolated
vascularly perfused rat stomach model, gastrin induces an
immediate and concentration-dependent histamine release
from the ECL cell[12]. With concomitant administration
of the histamine-2 (H2) receptor antagonist, ranitidine,
together with gastrin, the acid secretion in the isolated
stomach model is reduced to baseline level. Thus, the
stimulation of acid secretion by gastrin occurs most
likely via histamine release from the ECL cells via gastrin/
CCK-2 receptors [17-20]. This finding was supported by
studies using isolated ECL cells in vivo [21-23]. Not only
histamine release but also the synthesis of histamine in
the ECL cell is regulated by gastrin[24-26]. Administration
of exogenous gastrin, at a dose giving concentration in
the physiological range, can evoke a significant increase
in histidine decarboxylase (HDC) activity[13], as well as an
increase in HDC mRNA abundance[24-26]. HDC catalyses
the formation of histamine from histidine. Endogeneous
hypergastrinemia after potent acid inhibition can induce
a similar increase in HDC activity[13,27]. Histamine release
from ECL cells is considered to be a limiting step in
gastrin-stimulated maximal gastric acid secretion[12,28]. Now
it is generally accepted that the gastrin-histamine sequence
is the main pathway for gastrin stimulation of gastric acid
secretion. Recently, the role of gastrin precursors (glycineextended gastrin and progastrin) in stimulating acid
secretion was also postulated[29,30]. It was found that a high
dose infusion of glycine-extended gastrin into isolated
stomach can activate histamine release from ECL cells
and acid secretion, which could be blocked by antagonists
of H2 receptors and gastrin/CCK-2 receptors[31,32]. This
supported the activation of ECL cells as mediating the
main pathway of glycine-extended gastrin acid secretion
stimulation. Moreover, the role of glycine-extended gastrin
in preserving parietal cell density was found. Coexpression
of glycine-extended gastrin with gastrin in transgenic
mice reduced long-term hypergastrinemia induced parietal
cell loss. Thus, an important physiological role of gastrin
precursors was postulated[30].
Furthermore, the stomach is innervated by different
nerves [33] and peptides produced by intrinsic neurons
influence stomach functions, including acid secretion[34].
The vagal efferent fibers are preganglionic, and do not
directly innervate stomach endocrine or exocrine cells[33].
The targets of these vagal preganglionic neurons are the
intrinsic neurons that are located in the myenteric ganglion
cells. The intrinsic neurons contain Ach and different
peptides[33], such as GRP, VIP, galanin, and PACAP. They
innervate the G, D, ECL and parietal cells. The effect of
vagal nerves on gastric acid secretion is complex. Ach
mainly has a direct effect on acid secretion by acting on
a M3 receptor on the parietal cell. In vivo, galanin and
PYY, for example, have been shown to inhibit histamine
www.wjgnet.com
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release from ECL cells via their own receptors[35-39]. VIP
induces somatostatin release from D cells, but stimulates
histamine release from ECL cells probably via a PACAP
receptor[35,36,39,40]. PACAP is a potent stimulus of histamine
release from ECL cells via PACAP-1 receptors[36,39,41,42].
Gastric acid secretion, besides being regulated by the
hormonal and neural routes, is also regulated by paracrine
factors [11]. Somatostatin, which is a principal paracrine
inhibitory factor, can exert its inhibitory effect on gastric
acid secretion [17] . The reciprocal paracrine pathway
between D and G cells is well known[43], and ECL cells
are also in close contact with oxyntic D cells[4]. The antral
somatostatin acts on the antral G cells, while the oxyntic
somatostatin affects both ECL cells and parietal cells.
Thus, somatostatin inhibits acid secretion via actions on
different cells of the gastrin-ECL cell axis.

THE CLINICAL SIGNIFICANCE OF ECL CELL
ACTIVATION IN LONG-TERM GASTRIC
ACID INHIBITION
Potent acid inhibitors, such as proton pump inhibitors
(PPIs), are highly effective gastric antisecretory agents
with long duration[44]. They are intensively used to treat
acid related disorders, and are nowadays prescribed even
for children[45]. ECL cells are activated during the use of
potent acid inhibitors. From a clinical viewpoint, safety
concerns for such long-term activation by acid inhibitors
have to be considered.
Rebound acid hypersecretion was first described in rats
more than 20 years ago after treatment with omeprazole[46].
In humans, rebound acid hypersecretion was found in
patients who received long-term acid inhibitors, such
as H2 receptor antagonists and PPIs [47-51]. It has been
observed that a 3-mo omeprazole treatment, at a dose of
40 mg daily in patients with reflux esophagitis, resulted in
a significant (over 50%) increased maximal acid secretion
accompanied by remarkable elevated gastrin and histamine
levels[48]. This finding was confirmed in our subsequent
studies [52,53] and others [50,51], and is due to the fact that
gastrin is the most important trophic factor for ECL cell
self-replication and that histamine released from ECLs
cell is the main stimulator for gastric acid secretion. Longterm acid inhibition induces hypergastrinemia and ECL
cell hyperplasia in patients treated with PPIs for various
diseases with dyspepsia. The mechanism of rebound acid
hypersecretion is likely related to the activation of the
gastrin-ECL cell axis caused by drug-induced hypoacidity.
Apart from a stimulator y action on gastric acid
secretion, g astrin also has a trophic effect on the
oxyntic mucosa [54-56], particularly on ECL cells, which
are stimulated to replicate via gastrin/CCK-2 receptors
expressed in ECL cells[13,19,20]. It has become apparent that
rat ECL cells, in response to hypergastrinemia, whether
endogenous or exogenous, show hypertrophy within days,
hyperplasia within weeks and carcinoids after months
through a sequence of diffuse-linear-micronodular
hyperplasia to ECL carcinoids [13]. Therefore, there is a
causal connection between hypergastrinemia and ECL cell
carcinogenesis[13,57-59]. Thus, in patients received long-term
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acid inhibiton treatment, another concern is the increased
gastric carcinoid risk. In fact, sporadic gastric carcinoid
cases have been reported in patients exposed to longterm PPI treatments[60,61]. Long-term safety is still of high
concern.
Finally, gastrin was also connected with other types of
human cancers; i.e. gastric and colonic adenocarcinoma,
and more recently, studying the important role of
precursors for gastrin progastrin and glycine-extended
gastrin in the carcinogeneiss of gastrointestinal mucosa
has been one of the developing research fields. Several
outstanding reviews have summarised this topic [62-65].
Thus, whether long-term activation of ECL cells by
potent acid inhibition can contribute to increased risk
of gastrointestinal adenocarcinoma in humans is still
unknown and needs to be studied in the future. In
addition, one of the growth factors that regenerates gene
proteins, i.e., (Reg)-1, that is mainly released from ECL
cells has been found to be a unique growth factor of
gastric mucosal cells[66] and may play an important trophic
role in the development of gastric cancer[67].
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CONCLUSION
It is now generally accepted that ECL cell activation is the
most important physiological pathway in the regulation
of gastric acid secretion, which is being influenced by
both activating and inhibiting stimuli. Furthermore, it
has become apparent that the gastrin-ECL cell axis also
plays a role in gastric acid disorder, such as rebound
acid hypersecretion, and increased risk for gastric
tumorigenesis, especially in chronic hypergastrinemic
conditions. Therefore, clinicians should be aware that there
are important clinical safety issues related to the dose and
duration of potent inhibitors of acid secretion.

REFERENCES
1
2
3
4
5
6

7

8

9
10

Håkanson R, Alumets J, Ekelund M, Hedenbro J, Liedberg
G, Lorén I, Sundler F, Vallgren S. Stimulation of gastric acid
secretion. Scand J Gastroenterol Suppl 1979; 55: 21-28
Martinsen TC, Bergh K, Waldum HL. Gastric juice: a barrier
against infectious diseases. Basic Clin Pharmacol Toxicol 2005;
96: 94-102
Fujita T, Kobayashi S. Structure and function of gut endocrine
cells. Int Rev Cytol Suppl 1977; 6: 187-233
Solcia E, Rindi G, Buffa R, Fiocca R, Capella C. Gastric
endocrine cells: types, function and growth. Regul Pept 2000;
93: 31-35
Sundler F, Böttcher G, Ekblad E, Håkanson R. The
neuroendocrine system of the gut. Acta Oncol 1989; 28: 303-314
Håkanson R, Owman C, Sporrong B, Sundler F. Electron
microscopic identification of the histamine-storing argyrophil
(enterochromaffin-like) cells in the rat stomach. Z Zellforsch
Mikrosk Anat 1971; 122: 460-466
Capella C, Vassallo G, Solcia E. Light and electron microscopic
identification of the histamine-storing argyrophil (ECL) cell
in murine stomach and of its equivalent in other mammals. Z
Zellforsch Mikrosk Anat 1971; 118: 68-84
Håkanson R, Böttcher G, Ekblad E, Panula P, Simonsson M,
Dohlsten M, Hallberg T, Sundler F. Histamine in endocrine
cells in the stomach. A survey of several species using a panel
of histamine antibodies. Histochemistry 1986; 86: 5-17
Hersey SJ, Sachs G. Gastric acid secretion. Physiol Rev 1995; 75:
155-189
Geibel JP, Wagner C. An update on acid secretion. Rev Physiol

21
22

23
24

25
26
27

28

29

30

31
32

495

Biochem Pharmacol 2006; 156: 45-60
Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2005;
21: 636-643
Sandvik AK, Waldum HL, Kleveland PM, Schulze Søgnen
B. Gastrin produces an immediate and dose-dependent
histamine release preceding acid secretion in the totally
isolated, vascularly perfused rat stomach. Scand J Gastroenterol
1987; 22: 803-808
Håkanson R, Chen D, Tielemans Y, Andersson K, Ryberg B,
Sundler F, Mattsson H. ECL cells: biology and pathobiology.
Digestion 1994; 55 Suppl 3: 38-45
Waldum HL, Sandvik AK, Brenna E, Petersen H. Gastrinhistamine sequence in the regulation of gastric acid secretion.
Gut 1991; 32: 698-701
Sawada M, Dickinson CJ. The G cell. Annu Rev Physiol 1997;
59: 273-298
Mulholland MW, Debas HT. Physiology and pathophysiology
of gastrin: a review. Surgery 1988; 103: 135-147
Sandvik AK, Waldum HL. Aspects of the regulation of gastric
histamine release. Scand J Gastroenterol Suppl 1991; 180: 108-112
Waldum HL, Sandvik AK, Brenna E, Kleveland PM. The
gastrin-histamine sequence. Gastroenterology 1996; 111: 838-839
Sandvik AK, Waldum HL. CCK-B (gastrin) receptor regulates
gastric histamine release and acid secretion. Am J Physiol 1991;
260: G925-G928
Ding XQ, Lindström E, Håkanson R. Time-course
of deactivation of rat stomach ECL cells following
cholecystokinin B/gastrin receptor blockade. Br J Pharmacol
1997; 122: 1-6
Brenna E, Waldum HL. Studies of isolated parietal and
enterochromaffin-like cells from the rat. Scand J Gastroenterol
1991; 26: 1295-1306
Chuang CN, Tanner M, Chen MC, Davidson S, Soll AH.
Gastrin induction of histamine release from primary cultures
of canine oxyntic mucosal cells. Am J Physiol 1992; 263:
G460-G465
Prinz C, Scott DR, Hurwitz D, Helander HF, Sachs G. Gastrin
effects on isolated rat enterochromaffin-like cells in primary
culture. Am J Physiol 1994; 267: G663-G675
Sandvik AK, Dimaline R, Mårvik R, Brenna E, Waldum HL.
Gastrin regulates histidine decarboxylase activity and mRNA
abundance in rat oxyntic mucosa. Am J Physiol 1994; 267:
G254-G258
Höcker M, Zhang Z, Koh TJ, Wang TC. The regulation of
histidine decarboxylase gene expression. Yale J Biol Med 1996;
69: 21-33
Dimaline R, Sandvik AK. Histidine decarboxylase gene
expression in rat fundus is regulated by gastrin. FEBS Lett
1991; 281: 20-22
Brenna E, Håkanson R, Sundler F, Sandvik AK, Waldum HL.
The effect of omeprazole-induced hypergastrinemia on the
oxyntic mucosa of mastomys. Scand J Gastroenterol 1991; 26:
667-672
Kleveland PM, Waldum HL, Larsson H. Gastric acid secretion
in the totally isolated, vascularly perfused rat stomach. A
selective muscarinic-1 agent does, whereas gastrin does not,
augment maximal histamine-stimulated acid secretion. Scand J
Gastroenterol 1987; 22: 705-713
Chen D, Zhao CM, Dockray GJ, Varro A, Van Hoek A, Sinclair
NF, Wang TC, Koh TJ. Glycine-extended gastrin synergizes
with gastrin 17 to stimulate acid secretion in gastrin-deficient
mice. Gastroenterology 2000; 119: 756-765
Cui G, Koh TJ, Chen D, Zhao CM, Takaishi S, Dockray GJ,
Varro A, Rogers AB, Fox JG, Wang TC. Overexpression of
glycine-extended gastrin inhibits parietal cell loss and atrophy
in the mouse stomach. Cancer Res 2004; 64: 8160-8166
Sandvik AK, Dockray GJ. Biological activity of carboxyterminal gastrin analogs. Eur J Pharmacol 1999; 364: 199-203
Cui GL, Sandvik AK, Munkvold B, Waldum HL. Glycineextended gastrin-17 stimulates acid secretion only via CCK-2
receptor-induced histamine release in the totally isolated
vascularly perfused rat stomach. Acta Physiol Scand 2002; 174:
125-130
www.wjgnet.com

496
33
34
35
36

37
38
39

40

41
42

43
44
45

46
47

48
49

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Ekblad E, Mei Q, Sundler F. Innervation of the gastric mucosa.
Microsc Res Tech 2000; 48: 241-257
Walsh JH. Peptides as regulators of gastric acid secretion.
Annu Rev Physiol 1988; 50: 41-63
Sandor A, Kidd M, Lawton GP, Miu K, Tang LH, Modlin IM.
Neurohormonal modulation of rat enterochromaffin-like cell
histamine secretion. Gastroenterology 1996; 110: 1084-1092
Pisegna JR, Ohning GV, Athmann C, Zeng N, Walsh JH, Sachs
G. Role of PACAP1 receptor in regulation of ECL cells and
gastric acid secretion by pituitary adenylate cyclase activating
peptide. Ann N Y Acad Sci 2000; 921: 233-241
Zeng N, Walsh JH, Kang T, Wu SV, Sachs G. Peptide YY
inhibition of rat gastric enterochromaffin-like cell function.
Gastroenterology 1997; 112: 127-135
Zeng N, Kang T, W e n Y , W on g H , W a l sh J , Sa ch s G .
Galanin inhibition of enterochromaffin-like cell function.
Gastroenterology 1998; 115: 330-339
Zeng N, Athmann C, Kang T, Lyu RM, Walsh JH, Ohning
GV, Sachs G, Pisegna JR. PACAP type I receptor activation
regulates ECL cells and gastric acid secretion. J Clin Invest
1999; 104: 1383-1391
Lindström E, Eliasson L, Björkqvist M, Håkanson R. Gastrin
and the neuropeptide PACAP evoke secretion from rat
stomach histamine-containing (ECL) cells by stimulating
influx of Ca2+ through different Ca2+ channels. J Physiol 2001;
535: 663-677
Läuff JM, Modlin IM, Tang LH. Biological relevance of
pituitary adenylate cyclase-activating polypeptide (PACAP) in
the gastrointestinal tract. Regul Pept 1999; 84: 1-12
Sandvik AK, Cui G, Bakke I, Munkvold B, Waldum HL.
PACAP stimulates gastric acid secretion in the rat by inducing
histamine release. Am J Physiol Gastrointest Liver Physiol 2001;
281: G997-G1003
Larsson LI, Goltermann N, de Magistris L, Rehfeld JF,
Schwartz TW. Somatostatin cell processes as pathways for
paracrine secretion. Science 1979; 205: 1393-1395
Shin JM, Cho YM, Sachs G. Chemistry of covalent inhibition
of the gastric (H+, K+)-ATPase by proton pump inhibitors. J
Am Chem Soc 2004; 126: 7800-7811
Israel DM, Hassall E. Omerprazole and other proton pump
inhibitors: pharmacology, efficacy, and safety, with special
reference to use in children. J Pediatr Gastroenterol Nutr 1998;
27: 568-579
Larsson H, Carlsson E, Ryberg B, Fryklund J, Wallmark B. Rat
parietal cell function after prolonged inhibition of gastric acid
secretion. Am J Physiol 1988; 254: G33-G39
Fullarton GM, McLauchlan G, Macdonald A, Crean GP,
McColl KE. Rebound nocturnal hypersecretion after four
weeks treatment with an H2 receptor antagonist. Gut 1989; 30:
449-454
Waldum HL, Arnestad JS, Brenna E, Eide I, Syversen U,
Sandvik AK. Marked increase in gastric acid secretory capacity
after omeprazole treatment. Gut 1996; 39: 649-653
el-Omar E, Banerjee S, Wirz A, Penman I, Ardill JE, McColl

50

51
52
53
54
55
56
57
58
59

60
61
62
63
64
65
66
67

January 28, 2007

Volume 13

Number 4

KE. Marked rebound acid hypersecretion after treatment with
ranitidine. Am J Gastroenterol 1996; 91: 355-359
Gillen D, Wirz AA, Ardill JE, McColl KE. Rebound
hypersecretion after omeprazole and its relation to ontreatment acid suppression and Helicobacter pylori status.
Gastroenterology 1999; 116: 239-247
Kuipers EJ, Klinkenberg-Knol EC. Helicobacter pylori, acid,
and omeprazole revisited: bacterial eradication and rebound
hypersecretion. Gastroenterology 1999; 116: 479-483
Qvigstad G, Waldum H. Rebound hypersecretion after
inhibition of gastric acid secretion. Basic Clin Pharmacol Toxicol
2004; 94: 202-208
Fossmark R, Johnsen G, Johanessen E, Waldum HL. Rebound
acid hypersecretion after long-term inhibition of gastric acid
secretion. Aliment Pharmacol Ther 2005; 21: 149-154
Dockray GJ. Topical review. Gastrin and gastric epithelial
physiology. J Physiol 1999; 518 ( Pt 2): 315-324
Håkanson R, Oscarson J, Sundler F. Gastrin and the trophic
control of gastric mucosa. Scand J Gastroenterol Suppl 1986; 118:
18-30
Koh TJ, Chen D. Gastrin as a growth factor in the gastrointestinal
tract. Regul Pept 2000; 93: 37-44
Waldum HL, Brenna E, Sandvik AK. Relationship of ECL cells
and gastric neoplasia. Yale J Biol Med 1998; 71: 325-335.
Waldum HL, Sandvik AK, Idle JR. Gastrin is the most
important factor in ECL tumorigenesis. Gastroenterology 1998;
114: 1113-1115
Cui G, Qvigstad G, Falkmer S, Sandvik AK, Kawase
S, Waldum HL. Spontaneous ECLomas in cotton rats
(Sigmodon hispidus): tumours occurring in hypoacidic/
hypergastrinaemic animals with normal parietal cells.
Carcinogenesis 2000; 21: 23-27
Dawson R, Manson JM. Omeprazole in oesophageal reflux
disease. Lancet 2000; 356: 1770-1771
Attila T, Santharam R, Blom D, Komorowski R, Koch TR.
Multifocal gastric carcinoid tumor in a patient with pernicious
anemia receiving lansoprazole. Dig Dis Sci 2005; 50: 509-513
Ferrand A, Wang TC. Gastrin and cancer: a review. Cancer Lett
2006; 238: 15-29
Aly A, Shulkes A, Baldwin GS. Gastrins, cholecystokinins and
gastrointestinal cancer. Biochim Biophys Acta 2004; 1704: 1-10
Takhar AS, Eremin O, Watson SA. The role of gastrin in
colorectal carcinogenesis. Surgeon 2004; 2: 251-257
Rengifo-Cam W, Singh P. Role of progastrins and gastrins
and their receptors in GI and pancreatic cancers: targets for
treatment. Curr Pharm Des 2004; 10: 2345-2358
Kinoshita Y, Ishihara S, Kadowaki Y, Fukui H, Chiba T. Reg
protein is a unique growth factor of gastric mucosal cells. J
Gastroenterol 2004; 39: 507-513
Sekikawa A, Fukui H, Fujii S, Takeda J, Nanakin A, Hisatsune
H, Seno H, Takasawa S, Okamoto H, Fujimori T, Chiba T. REG
Ialpha protein may function as a trophic and/or anti-apoptotic
factor in the development of gastric cancer. Gastroenterology
2005; 128: 642-653
S- Editor Liu Y L- Editor Lutze M E- Editor Liu WF

www.wjgnet.com

World J Gastroenterol 2007 January 28; 13(4): 497-502
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

REVIEW

Impact of tiny miRNAs on cancers
Wei Liu, Sheng-Yong Mao, Wei-Yun Zhu
Wei Liu, Sheng-Yong Mao, Wei-Yun Zhu, Laboratory of
Gastrointestinal Microbiology, College of Animal Science and
Technology, Nanjing Agricultural University, Nanjing 210095,
Zhejiang Province, China
Supported by the National Basic Research Program of China
(2004CB1175004) and the National Natural Science of Foundation
of China, No. 30025034
Correspondence to: Wei-Yun Zhu, Laboratory of Gastrointestinal
Microbiology, College of Animal Science and Technology,
Nanjing Agricultural University, Nanjing 210095, Zhejiang
Province, China. zhuweiyunnjau@hotmail.com
Telephone: +86-25-84395523 Fax: +86-25-84395314
Received: 2006-09-16
Accepted: 2006-11-27

Abstract
miRNAs are a class of small, ~22nt, non-coding RNAs
that negatively regulate gene expression at the posttranscriptional level. They play profound and pervasive
roles in manipulating gene expression involved in cell
development, proliferation and apoptosis in various
eukaryotes, which, in theory, could provide an access
to many human diseases in theory. Recent evidence
demonstrates that aberrant miRNA expression is a
hallmark of tumor development, revealing that miRNA
genes could function as potential oncogenes and
repressors in the human body. miRNAs can affect
tumorigenesis mainly by interrupting the cell cycle
at the cellular level and by interacting with signaling,
oncogenes and with the response to environmental
factors at the molecular level. The established miRNA
expression signature could be a potent tool to diagnose
and treat human cancers in the future.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
miRNAs (microRNAs) are a subset of small, typically
21-23 nt in length, non-coding RNAs evolutionarily
conserved in many organisms as disparate as yeast, fruit

flies, human and plants[1]. This growing family of small
RNAs was first discovered in Caenorhabditis elegans in 1993[2]
and newly honored as a milestone in the process of the
gene concept [3]. Until now hundreds of miRNAs have
been identified in many organisms by using experimental
and bioinformatic prediction approaches. It is well known
that, unlike its cousin signal interfering RNAs (siRNAs),
miRNAs have the unique ability to negatively regulate gene
expression involved in cell development, proliferation,
apoptosis and the stress response[4]. Consequently, it is
proposed that these biological properties of miRNAs
could offer an access to many human diseases including
cancers[5]. Recent findings have demonstrated that miRNAs
play critical roles in human cancer, revealing that miRNAs
could act as potential oncogenes and repressors [6,7] .
Thus, this class of miRNAs are now dubbed ‘oncomirs’miRNAs which is closely related to tumor[8].
Cancer is characterized by uncontrolled proliferation
and the inappropriate survival of damaged cells. Although
cells have evolutionarily developed several safeguards to
prevent malignant transformation during development
and adulthood, this normal process can be disrupted
in cancer cells. Cancer cells can take advantage of their
unique strategy to escape scrutiny during cell division. The
oncogenesis conventionally refers to tumor suppressors
and oncogenes, such as APC, κ-RAS, Myc, P53 and P21.
Although these regulatory molecules do play critical roles
in tumor development, recent intense interest is being
attached to miRNAs.
We are just beginning to appreciate the novel
involvement of miRNAs in human cancers but much
more remain obscure. Few investigations to date have
converged to support the concrete links between miRNAs
and each cancer species. However, most cancer species
share the same mechanisms that give rise to tumorigenesis
even in different tissues, so the general mechanism may be
applied extensively to each cancer species. The potential
link between miRNAs and tumors discussed in this review
will be limited to only a few of the elucidated cancers.

miRNA BIOGENESIS AND MECHANISMS
OF GENE EXPRESSION CONTROL
The biogenesis of miRNAs has recently been elucidated
(Figure 1) [1]. RNA Pol Ⅱ generally transcribes miRNA
genes in the nucleus and gives rise to large primary
miRNA (pri-miRNA) transcripts that, like mRNA, are
capped at 5’ terminus and polyadenylated at 3’ terminus.
The initial pri-miRNAs are then processed by RNase Ⅲ,
www.wjgnet.com

498

ISSN 1007-9327

Nucleus
Pol Ⅱ

CN 14-1219/R

miRNA genes

World J Gastroenterol

January 28, 2007

Cytoplasm

Gp
pp

pri-miRNA
miRISC
ORF

7

m

Drosha

AAAA

3'UTR

Mature miRNA

pre-miRNA

miRISC

RNA-GTP
Exportin 5

ORF

ORF
3'UTR

Dicer
pre-miRNA

Helicase

Helicase

miRNA:miRNA* duplex

Cell membrance

Volume 13

Number 4

Figure 1 miRNAs biogenesis and two
mechanisms involved in gene expression.
MiRNAs genes often cluster on the
chromosome and are transcribed by RNA Pol
Ⅱ to form pri-miRNAs in the nucleus. The primiRNAs then undergo procession by RNase
Ⅲ, Drasha, and are exported to cytoplasm by
Exportin 5. Another RNase Ⅲ, Dicer, further
processes the pre-miRNA to generate a
~22nt miRNA:miRNA* duplex, where miRNA*
is complementary to miRNA. Helicase can
divide the duplex into two separate ones.
Whereas miRNA* is degraded, mature miRNA
can enter the the miRNA-induced silence
complex (miRISC). The miRISC complex
block protein synthesis by imperfectly binding
to the 3’UTR of the mRNA (upper right), the
other one is to endonucleolytically cleave the
target mRNA by perfect or nearly perfect base
pairing (lower right).

*miRNA

Drasha, to form 70-bp pre-miRNAs in the nucleus. The
pre-miRNAs are exported into the cytoplasm by the RNA
GTP-dependent transporter Exportin 5 and undergo an
additional processing step to produce a miRNA:miRNA*
duplex with the aid of another RNase Ⅲ, Dicer. The
RNA duplex is subsequently unwound by Helicase and
the mature miRNA finally enter the RNA-induced silence
complex (RISC)[9,10].
Two mechanisms of miRNA repression have been
suggested depending on the degree of complementarities
between the miRNAs and the target mRNAs (Figure 1)[4].
First, is interference with protein synthesis by binding to
imperfect complementary sites within the 3’ untranslated
region of the target mRNA. The 3’UTR of target
mRNA usually contains multiple complementary sites
for distinct miRNAs, but the precise mechanism is still
poorly understood. Second, is endonucleolytic cleavage of
the target mRNA by perfect base pairing. The latter was
previously thought to function solely in flowering plants,
but the paradigm that animal miRNAs do not affect th
stability of imperfectly base-paired miRNA has been
challenged recently. Lim et al[11] used microarray analysis
to investigate changes in global mRNA level in HeLa cells
in response to miRNAs that are normally undetectable
in those malignant cells and observed the reduction of
100-200 genes at the mRNA level. This observed reduction
in mRNA level was attributed to AU-rich elements (AREs)
that induced mRNA turnover by degrading mRNAs in
exosome [12]. AREs are often found in transcripts that
encode cell proliferation factors (e.g., TNF-α, GM-CSF,
c-Fos, IL-6 and IL-8), and therefore stability of these
transcripts in the absence of specific miRNAs contributes
to the cell proliferation that accelerate tumor formation
and development [13]. Nevertheless, one recent finding
indicated that the reverse step also exists in the latter
mechanism, where the mRNA can be relieved from the
miRNA-induced inhibition in cells subject to different
stress conditions[14]. This repression and derepression of
mRNA expression cooperatively contribute to the dynamic
www.wjgnet.com

balance of mRNA in cells, but the detailed mechanism is
still not clear.
miRNAs could provide a convenient and efficient
pathway to manipulate gene expression at posttranscriptional level. Natural miRNAs exert their effects by base
pairing with the target mRNAs in a much more compact
and energ y-efficient manner than protein encoding
regulatory molecules like enzymes and hormones, which
show a necessary adaptation to regulate gene expression in
eukaryotes[15].

miRNA GENE CLUSTERS AND LOCI
The human genome contains up to 1000 miRNA genes,
which constitute approximately 1-5% of the expressed
genes [16]. miRNAs are endogenetically conserved with
evolutionary plasticity in eukaryotic genomes and are
often organized in tandem and closely clustered on the
chromosome [17]. This arrangement can have particular
significance in the control of gene expression. When
clustered miRNAs have a similar sequence, miRNAs gene
products may synchronize to regulate a set of mRNA
targets. However, clusters can also contain miRNAs with
different sequences that extensively deploy toward their
specific targets. These closely related characteristics may
allow miRNAs to function as pleiotropic regulators at the
cellular level in many organisms.
Over half of miRNA genes (52.5%) are located in or
near fragile sites or cancer-associated genomic regions[18].
These sites are preferential sites of sister chromatin
exchange, translocation, deletion, amplification or
integration of plasmid DNA and tumor-associated virus,
which frequently cause the aberrant miRNA expression
during pathogenesis. For instance, miR-15a and miR16a genes, frequently deleted and/or underexpressed in
patients with B cell chronic lymphocytic leukemia, map to
13q14 that is deleted in many cases[19]. This result highlights
that aberrant miRNA expression is possibly geared
towards the intrinsic defect that gives rise to tumors.
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miRNA IN CANCER STEM CELLS
Most tissues contain rare cells that follow the norm of
stem cell biology to tissue self-renewal and repair [20].
The unprecedented self-renewal rate of robust tissues
(like intestine, skin, blood and breast) often parallels a
high susceptibility to malignant transformation, because
the molecular mechanisms that control homeostatic
self-renewal and those underlie tumors are evidently
symmetric[21]. Currently the emerging notion is that tumor
might contain stem cell-like ‘cancer stem cells’-rare cells
with indefinite proliferative potential that trigger tumor
formation and growth, and with the presumed ability
to transport new tumor seeds to distant sites[22]. Despite
this controversial notion, one cancer (leukaemias) of the
haematopoietic system provides the strong evidence that
cancer cell proliferation is driven by cancer stem cells[23].
Given that cancer cells and normal stem cells share
the similar potential to indefinite self-renew, it seems
reasonable to propose that newly arising cancer cells
appropriate the machinery for self-renewing cell division
which is normally used in stem cells[24].
It is well known that miRNAs function as critical
regulators of gene expression in the control of stem cells
during development[5]. If miRNAs play a similar role in
cancer stem cells then, in theory, it is possible support the
hypothesis that several miRNAs appropriate the miRNAmediated machinery for self-renewal in stem cells to
develop tumors. Indeed, it has been validated that tumor
tissues are constantly characterized with altered miRNA
expressions.

A HALLMARK OF TUMOR
Currently the potential connection between miRNAs
and cancers is just beginning to be appreciated. Cancer
cells tend to undergo the distinct expression of miRNA,
distinguishing them from the normal ones. Calin et al[25]
first found that specific miRNA expression is abnormal
in B-leukemia, suggesting that altered miRNA expression
correlate with specific tumor development. In accordance
with this, Michael et al[26] investigated possible changes at
the miRNA level during tumorigenesis and showed the
reduced accumulation of two specific miRNAs: miR-143
and miR-145, but consistent levels of the 70-bp precursor
pre-miRNA in colorectal neoplasia as well as breast
carcinoma, prostate carcinoma, chronic myelogenous
leukemia and cervical carcinoma, implying that many
tumors share aberrant specific miRNA expression.
Recently Lu et al[27] found that cancer cell lines showed
low miRNA expression profile when they used a new,
bead-based flow cytometric miRNA expression profiling
method to analyze a large-scale expression of 217
mammalian miRNA from 334 samples including multiple
human cancers. Their study further demonstrated that
tumors originating from tissue with a common embryonic
source share the similar miRNA, but not mRNA,
expression signature, and that distinct patterns of miRNA
expression are consistent with the developmental history
of human cancer, revealing that miRNAs could be used to
classify different cancers and validate the developmental
history of cancer. Volinia et al[7] further found that global
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miRNA expression signatures from solid tumors show a
good separation between the different tissues, but not all
miRNA expressions are underexpressed compared with
their respective normal tissues. The studies support the
hypothesis that the global change in miRNA expression
is a hallmark of all human cancers, providing a hint that
miRNAs correlate with various tumor development.
Moreover, impaired components of machiner y
mediating miRNA processing and miRNA-mediating gene
repression give rise to tumorigenesis[28,29], demonstrating
that altered specific miRNAs expression might play a
causal role in the generation or/and maintenance of
tumors. This description of cancers in molecular terms
is likely to improve the way in which human cancers are
diagnosed, classified, monitored, and (specially) treated,
which will promise the emergency of the new era in cancer
research in the future[30].

miRNA AND CELL CYCLE
Normal cells can tightly control cell proliferation and death
by means of the cell cycle, thereby preventing malignant
transformation during development and adulthood. The
3’UTR of mRNAs encoding many cell cycle-associated
cytokines often contain binding sites to miRNAs,
indicating that normal miRNAs are essential for cell cycle
control. Hatfield et al[31] reported that Drosophila melanogaster
germline stem cells subject to constitutively eliminated
miRNA expression exhibited normal identity but were
defective in cell cycle control, showing that miRNAs are
essential in the control of cell cycle. Thus constitutive
miRNAs are necessary to control cell cycle and maintain
the balance of cell proliferation, differentiation and
apoptosis, which play essential roles in preventing normal
tissues from malignancy[32,33].
However, cancer cells are insensitive to cell division
stop signals in an environment where most of the cells
are quiescent. It is tempting to speculate that miRNAs
could have a similar role in cancer cells and particularly
rare cancer stem cells, where the disrupted miRNAs
expression makes cells insensitive to environmental
signals that normally stop the cell cycle. Brennecke et al[34]
assigned a novel role to miRNA encoded by the bantam
gene in control of cell proliferation and apoptosis during
Drosophila development. Bantam miRNA could stimulate
cell proliferation and simultaneously suppress apoptosis
by manipulating the proapoptosis gene hid expression.
It controls both cell growth and cycle progression in a
coordinated manner, revealing that the putative vertebrate
homologs of bantam miRNA genes may be oncogenes,
whereas there are no homologues of bantam in human,
other oncogenic miRNAs could play a similar role in
control of cell proliferation and apoptosis. When the
miRNA expression is impaired, normal tissues could have
a high risk to develop tumor.

miRNA AND CANCER-ASSOCIATED
SIGNALING PATHWAYS
The signaling transductions (Wnt, Notch, SHH and BMP)
play essential roles in the processes of cell life at the
www.wjgnet.com
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molecular level, but these pathways controlling cell growth
and differentiation in normal cell are almost invariably
changed in cancer. Consistent with the altered miRNA
expression in cancer cells, it is reasonable that the two can
work together to control cell fate.
Several cancer-associated signaling pathways directly
regulate expression of specific miRNA genes. Yoo et al[35]
found that LIN-12/Notch signaling pathway directly binds
to one miRNA gene, mir-61, and promote its expression
in vulval precursor cells during C. elegans development.
Stimulated expression of mir-61 gene subsequently
represses the translation of Vav-1, the ortholog of the vav
oncogene, who negatively regulates the lin-2 gene activity.
These cyclic regulations form a positive feedback loop that
helps maximize lin-12 activity and continually stimulate
Notch signaling pathway (Figure 2). It has been known
that Notch signaling pathway plays an important role in
many cancer species. If the similar mechanisms exist in
cancer cell, this positive loop could trigger and accelerate
tumorigenesis.
miRNAs can influence the signaling pathway by
repressing several secreted signaling proteins. RAS is a
signaling protein in many significant signaling pathways
and its overexpression usually results in oncogenic
transformation. The 3’UTL of the human RAS genes
contains multiple let-7 complementary sites, allowing let-7
to regulate RAS expression. Johnson et al[36] found that let-7
expression is lower in lung tumors than in the normal lung
tissue, providing a possible strategy to treat lung cancer by
repairing mutated let-7 gene. It was reported that miR-143
and miR-145, lower in colorectal cancer than in normal
tissues, are predicted to regulate several target mRNAs
encoding components of signal transduction pathway
(Raf, Rho, GTPase activating protein, G-protein γ, NF[26]
κB and HGK) . Hence, the direct and indirect interaction
between miRNAs and secreted signaling protein can
influence tumorigenesis.
Thus, it is supposed that miRNAs and signal as well
as other regulatory molecules constitute a network where
normal cells follow a rule to divide, differentiate, and
die. When the regulatory network is impaired, cell cycle
will be out of control, giving rise to tumor development.
However, the networks of miRNAs and signals are largely
elusive to date.

INTERACTION BETWEEN miRNA AND
ONCOGENES
Due to mutation, many human proto-oncogenes can
convert to oncogenes. These oncogenes often encode
common regulatory molecules that can stimulate the
tumor development in the body. For example, the protooncogene C-MYC encodes a helix-loop-helix leucine zipper
transcriptional factor that regulates cell proliferation,
growth and apoptosis. Recent findings revealed that c-Myc
directly binds to the locus of a cluster of six miRNAs and
stimulates their expression[37]. Overexpression of miR-175p and miR-20a, two miRNAs in this cluster, reduced the
expression of E2F1 (one transcriptional factor). c-Myc

www.wjgnet.com

January 28, 2007

Volume 13

Number 4

Nucleus
pol II

Promotor

LAG-1

LAG-1

mir-61 gene

Cytoplasm

mir-61
VAV-1

LIN-12
dsl

Figure 2 The positive loop between mir-16 and LIN-12. Exogenous signal
activates LIN-12/Notch signaling pathway, which promotes the transcription of
mir-61. Overexpression of mir-61 inhibits the activity of VAV-1 (purple) that reduces
the activity of LIN-12 (pink), where LIN-12, mir-61, and VAV-1 form a feedback
loop that helps maximize LIN-12 activity.

and E2F1 are reciprocally induced in normal cell to form
a putative positive feedback loop, like the one between
mir-16 and LIN-12. So these two miRNAs provide a
potent tool to dampen this reciprocal activation and tightly
regulate c-Myc-mediated cellular proliferation in normal
cells. When this cluster of miRNA genes is deleted or
underexpressed, the cell cycle would be out of control and
have a risk of tumorigenesis.
Notably, not all miRNAs function as tumor repressors
in the body. For example, enforced expression of the
mir-17-92 cluster positively cooperates with c-Myc
expression to accelerate tumor development in a mouse
B-cell lymphoma model, implicating that the mir-17-92
cluster as a potential oncogene[2]. The oncogenic miRNAs
can be upregulated in cancer cells, which are consistent
with the conclusion drawn by Volinia that not all miRNAs
are underexpressed in cancer cells [7]. In fact, specific
miRNA expression influencing cell fate is dependant on
the milieu of miRNAs and their target mRNAs expressed
in individual cell.

RULERS OF miRNA
As the pleiotropic regulators in cells, who regulate the
expression of miRNA genes? As LIN-12/Notch signaling
pathway directly regulates the expression of mir-16
gene discussed above[35], it seems that the regulation of
miRNA expression follows the classic model widely
used to control the mRNA expression. Taganov et al[38]
recently reported that three putative NF-κB consensus
binding sites locate upstream of the predicted miRNA-146
gene, so miRNA-146 is a NF-κB-dependent gene. Is this
general model the common one or just an exceptional
one with respect to diverse miRNAs and cytokines in
cells? Our understanding of this knowledge awaits further
investigations.
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NOT THE END OF STORY
We have discussed the potential roles of miRNAs in
cancers by means of cell cycle, signaling and oncogene,
but they are just the tip of emerging iceberg, because
exploding data show that miRNAs have a potentially much
more widely influence over diverse developmental and
physiological pathways than imagined. Recent evidence
revealed that miRNAs could participate in genomic
stability and epigenetic modification [2,39], in metabolic
changes compatible with tumor formation, growth and
metastasis [40] , and in the immune response to virusmediated infection[41-45]. Many more aspects of miRNAs
are available for exploration, so this is not the whole story.
More intriguingly, the other cousin of miRNAs, piwiinteracting RNAs (piRNAs), have just been discovered
in rat ger mline cells and are also shown to control
gene expression involved in sper m development at
posttranscriptional level[46]. The world of three small RNAs
(siRNAs, miRNAs, and piRNAs) is undoubtedly yielding
newly provocative insights and revolutionizing our thinking
about genome control[47]. Although transcriptional control
is the most prevalent form of gene expression control,
it is by no means the only way in complex eukaryotes.
For example, it is important for mature blood red cells to
control the stability of expressed mRNAs accounting for
no extra mRNA transcription any more or is for immune
cells to make a rapid response to stress without mRNAs
transcription initiation. Posttranscriptional control has been
ignored, but many novel small RNAs are changing our
thinking.

PROSPEROUS OUTLOOK IN miRNA
Evaluating the novel roles of miRNAs as repressors and
oncogenes enriches our knowledge, which addresses
the precise mechanism leading to tumorigenesis. The
investigation will certainly bring about a potent tool
to diagnose and treat human cancers, but a detailed,
mechanistic understanding of miRNAs functions as
oncogenes and tumor repressors is now retarded by lacking
a valid and efficient biochemical technique to precisely
identify miRNAs and their corresponding targets. It is
estimated that many more miRNAs are still waiting to
be discovered in the human genome and functions of
most known miRNAs have not been elucidated. The
other challenge is to accurately identify targets that are
manipulated by miRNAs, because miRNAs can bind to their
imperfect targets, even with no canonical complementarities
that allow short stretch of mismatched base-pairs and G-U
base pair. Other outstanding questions about miRNAs
remain unresolved. What regulates the expression of
miRNAs? Do distinct miRNAs have a direct function in
cancer progression, or just simply differentially modulate in
tumor? Who determines the opposite roles of miRNAs as
both oncogenes and repressors? Do miRNAs act mainly to
‘fine-tune’ gene expression or more often as binary on/off
switch? What factors affect the accessibility and efficacy
of a miRNA at a 3’UTR? Another key one is how to apply
this novel technique to cancer therapy. However, more
sophisticated experimental approaches, in combination with
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computational prediction strategies, will shed light on these
challenges.
It has been shown that miRNA expression profile is
a more accurate signature than protein expression one,
and several patients got better prognosis after repairing
the abrogated miRNAs. We enthusiastically expect that
traditional and bioinformatics technique will generate a
tremendous amount of excitement and inspiration about
miRNAs in future.
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Abstract

INTRODUCTION

AIM: To detect aneusomic changes with respect to
chromosome 11 copy number in esophageal precancers
and cancers wherein the generation of cancer-specific
phenotypes is believed to be associated with specific
chromosomal aneuploidies.

More than 30% of the adult population exhibits upper
gastrointestinal tract disorders associated with symptoms
such as regurgitation, heartburn and dysphagia, warranting
an endoscopic evaluation. Some of these esophageal
pathologies require medication while others can be
managed by altering life-style and dietary habits. A certain
percentage of these, however, progress into esophageal
malignancies. In India, esophageal cancer is the second
leading cancer in men and fourth leading cancer in
women[1].
Epithelial tumors of the esophagus [squamous
cell carcinoma (SCC) and adenocarcinoma (ADC)]
are responsible for more than 95% of all esophageal
carcinomas. This malignancy presents generally as a
locally advanced disease, hence leading to poor prognosis
with an average 5-year survival of < 12% in India [2].
Abnormal proliferation of the esophageal epithelial cells
with hyperplasia and dysplasia in the normal squamous
lining are regarded as premalignant lesions[3,4]. Another
common premalignant condition is Barrett’s esophagus
(BE), where patients have a forty-fold increased risk
for developing adenocarcinoma as compared to normal
individuals. Although significant advances have been made
in the diagnosis and treatment of esophageal carcinomas,
not many studies have evaluated markers in the target
tissue, in association with increased risk for malignant

METHODS: We p e r fo r m e d f l u o r e s c e n c e i n s i t u
hybridization (FISH) on esophageal tissue paraffin
sections to analyze changes in chromosome 11 copy
number using apotome-generated images by optical
sectioning microscopy. Sections were prepared from
esophageal tumor tissue, tissues showing preneoplastic
changes and histologically normal tissues (control)
obtained from patients referred to the clinic for
endoscopic evaluation.
RESULTS: Our results demonstrated that aneusomy was
seen in all the cancers and preneoplastic tissues, while
none of the controls showed aneusomic cells. There was
no increase in aneusomy from precancers to cancers.
CONCLUSION: Our results suggest that evaluation
of chromosome 11 aneusomy in esophageal tissue
using FISH with an appropriate signal capture-analysis
system, can be used as an ancillary molecular marker
predictive of early neoplastic changes. Future studies
can be directed towards the genes on chromosome 11,
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transfor mation. Hence, there is a need to identify
the genetic and molecular factors responsible for the
progression of these esophageal lesions into malignancy.
Neoplastic prog ression is a complex multistep
process associated with gross chromosomal alterations
and mutations in regulator y genes, culminating in
tumorigenesis. Genomic instability is a prominent
feature of most cancers, wherein aneuploidy, a change in
chromosomal number caused by unequal partitioning of
chromosomes during cell division, occurs frequently in
many solid tumors[5,6]. Aneuploidy then generates specific
aneusomies autocatalytically, due to errors in chromosome
segregation and repair processes[7]. Aneusomies have been
reported in non-cancerous conditions such as Down’s
syndrome, wherein the extra chromosome 21 is considered
to be associated with an increased risk for leukemias.
The study of human cancers shows evidence for cancerspecific aneusomies, despite a plethora of unspecific
aneuploidies [8,9] . Recently, it has been demonstrated
cytogenetically that chromosome 11 may be important in
the etiology of SCC of the esophagus[10,11].
The present study was a hospital-based, unmatched,
case-control study in 25 cases referred to our clinic
from different hospitals in Hyderabad, South India.
Chromosome 11 aneusomy was investigated in esophageal
biopsies taken from controls, premalignant and malignant
lesions, using fluorescence in situ hybridisation (FISH).
Our results demonstrated that aneusomy was seen in all
the cancers and preneoplastic tissues, while none of the
controls showed aneusomic cells. There was no increase
in aneusomy from precancers to cancers. Evaluation of
chromosome 11 aneusomy in esophageal tissue can be
used as an ancillary molecular marker predictive of early
neoplastic changes.

MATERIALS AND METHODS
Tissue specimens
Esophageal biopsy specimens were endoscopically resected
from patients referred for histopathological evaluation by
a qualified gastroenterologist. The control samples were
taken from those patients undergoing an endoscopy, which
showed normal tissue histology. All samples were included
in the study after informed consent was obtained from
the patients. The study was approved by our Institutional
Ethical Committee. Formalin-fixed, paraffin-embedded
tissue sections from 25 selected cases were subjected to
FISH analysis subsequent to confirmation by histology.
Histopathological analysis
Paraffin-embedded tissue sections (4 µm thick) were first
subject to deparaffinization. Slides were placed in xylene
(3 min × 3 min), 100% alcohol (3 min × 3 min), rinsed
in running water and stained with haematoxylin (Harries,
Merck) for 5-10 min. They were then placed in running
water, dipped in 1% hydrochloric acid and subsequently
transferred to Eosin yellow staining (Merck) for 30 s. After
that the slides were passed through graded alcohol series
for dehydration, placed in xylene and mounted in DPX (Ref:
Histopathology Laboratory, Armed Forces Institute of
Pathology, Washington DC, 20 305, USA). Suitable images
www.wjgnet.com
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Figure 1 Representative HE stained sections at × 400 magnification selected for
FISH analysis. A: Neoplastic streaks with eosin stained keratin pearls indicating
a well-differentiated squamous cell carcinoma; B: Adenocarcinomatous tissue
showing columnar epithelial replacement of the normal squamous lining.

of the required areas from representative tissue sections
were taken using a CCD camera (Figure 1).
Based on the endoscopic and histopathological
evaluation, 25 tissue biopsies were selected for FISH
analysis using a Spectrum Green labeled, centromere
enumeration probe (CEP) for chromosome 11 [Vysis India
Ltd] (This was used instead of the LSI probes that would
help evaluate gene amplification).
FISH on esophageal tissue sections
Paraffin sections of 4 µm thick were deparaffinized in an
oven at 95℃ for 20 min, then immediately placed in xylene
(3 min × 3 min) and transferred into 100% ethanol (3 min
× 5 min). Dried slides were incubated in 2 × SSC solution
at 75℃ for 10 min followed by treatment with proteinase
K solution (2 mg/mL) at 37℃ for 15 min. The slides
were rinsed in 2 × SSC solution at room temperature.
They were then immersed in a 75℃ denaturant bath
(70% formamide/2 × SSC) for 5 min and dehydrated in
gradient ethanol. Dry slides were placed on a 45-50℃
slide warmer. Probe mixture was simultaneously prepared
at room temperature (7 µL of hybridization buffer + 1
µ L Spectrum Green labeled CEP 11 DNA probe + 2
µL purified double distilled H2O) and then denatured at
95℃. Ten microliters of the probe mix were applied to
the slide, and a coverslip was placed on it immediately.
The slides were hybridized in a pre-warmed humidified
chamber overnight (12-16 h) at 37℃. Post-hybridization
washes were done with freshly prepared 0.4 × SSC/0.3%
NP-40 solution at 55℃ followed by 2 × SSC/0.1% NP-40
at room temperature. The slides were then air-dried in the
dark. Ten microliter DAPI counterstain was applied to the
target area and a coverslip was placed on it carefully to
avoid formation of air bubbles.
T h e s l i d e s we r e v i e we d u n d e r a f l u o r e s c e n c e
microscope (Olympus, Optical sectioning microscope
attached to an Axioplan imaging Apotome apparatus,
Zeiss, Germany) using a suitable filter set (DAPI Exc:
367nm; Emi: 452 nm and Spectrum Green Exc: 509
nm; Emi: 538 nm). The optical sectioning microscope
provided a high-quality image enhancement required for
proper signal visualization. The sections were visualized
through Optical sectioning mode using the Apotome for
the best probe signals in a 3D mode. Ten to fifteen areas
per slide were taken for analysis based on the density of
the nuclei. Each area allowed optical sectioning of about
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Table 1 Details of cases analyzed for chromosome 11 aneusomy using FISH in different esophageal pathologies and controls
Case, No.

Case type

Details

Chromosome 11 % aneusomy
Trisomy (%)

1

Tetrasomy (%)

Pentasomy (%)

Normal

-

-

-

2

Normal

-

-

-

3

Normal

-

-

-

4

Normal

-

-

-

5

Normal

-

-

-

Sq. dysplasia (High grade)

4.0

-

-

7

Sq. dysplasia (High grade)

10.0

0.4

-

8

Barrett's dysplasia (High grade)

15.2

2.4

0.8

6

Controls

Precancers

9

5.6

-

-

ADC

12.8

2.0

-

11

ADC

10.0

2.0

-

12

WDSCC

11.2

-

-

13

WDSCC

12.8

0.4

-

14

WDSCC

8.8

2.4

-

15

MDSCC

10.0

0.8

-

16

MDSCC

12.8

0.4

0.4

17

MDSCC

5.2

0.8

-

18

PDSCC

1.6

-

-

19

PDSCC

6.0

-

-

20

PDSCC

3.2

-

-

10

Barrett's dysplasia (High grade)
Cancers

Percentage of aneusomy in different cases from the first 250 cells scored. (Monosomies and normal disomies are not shown in the table). ADC:
Adenocarcinoma; WDSCC: Well differentiated SCC; MDSCC: Moderately differentiated SCC; PDSCC: Poorly differentiated SCC; Sq. : Squamous.

A

B

Figure 2 Images showing aneusomy with regard to chromosome 11 in
esophageal cancer cells. A: Trisomy and tetrasomy chromosome 11 in the same
area; B: Pentasomy chromosome 11 with normal disomy.

8-10 consecutive sections using the apotome. The images
were captured at 1500 × magnification with oil immersion.
Analysis was done using the 3D analysis of the Axiovision
Apotome 1 imaging and Adobe Photoshop 7.0 version
softwares.
Criteria for evaluating FISH signals
D a t a we r e s c o r e d f r o m a r e a s s h o w i n g u n i f o r m
fluorescence intensity. We screened a large number of
nuclei per sample in order that we did not miss any
aneusomic cells, especially with respect to precancer
tissues. In each case, clear, distinct FISH signals were
evaluated by counting 250 non-overlapping nuclei. Only
those samples in which the artifactual nullisomy (negative
nuclei) did not exceed the prescribed 25% were chosen
for evaluation. A baseline frequency of monosomic
population was established to control ‘truncation’ artifacts
resulting from cut nuclei during microtomy.

RESULTS
From the patients with upper GI tract disorders referred
for endoscopic evaluation, 25 cases were selected into the
FISH study based on endoscopic and histopathological
categorization. Of these 25 cases, 20 gave analyzable results;
they included five normal tissues, four precancers (two
squamous dysplasias and two BE with high-grade dysplasia)
and eleven esophageal cancers as shown in Table  1.
FISH was performed on a few metaphase cells and,
in conjunction with G-banded chromosome analysis,
we confirmed the probe hybridization. Subsequently the
method was applied to esophageal tissue sections obtained
from paraffin blocks. Optical sectioning generated 3D
images were evaluated and screened for chromosome 11
probe signals (Figure 2).
The results in each sample were tabulated as nullisomy
(absence of signals), monosomy (single signal), normal
disomic condition (two signals), trisomy (three signals),
tetrasomy (four signals) and pentasomy (five signals).
Esophageal tumor cells with trisomic, tetrasomic and
pentasomic signals indicating the presence of extra
chromosome 11 are shown in Figure 3.
Artifactual nullisomy was found to be less than 15%
in all 20 cases studied. Monosomy was seen in < 35%
of the cells in all three groups of controls, precancers
and cancers; this was not included in the analysis as
it was considered as a technical artifact. The controls
showed normal disomy in all the remaining cells analyzed.
Premalignant tissues showed an increase in the copy
number of chromosome 11; all the four precancer cases
showed trisomy of chromosome 11 (4%, 10%, 15.2%,
5.6%); of these, one case with severe squamous dysplasia
exhibited tetrasomy (0.4%), and a case of BE with high
www.wjgnet.com
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Figure 3 Axiovision Apotome software generated 3D-image from overlay of 10
consecutive images captured by the Optical sectioning microscopy. A: A portion
of the esophageal tissue section from the control showing normal disomy of
chromosome 11 (indicated by an arrow); B: Tissues from patients with welldifferentiated squamous cell carcinoma (arrow indicating cell with trisomy for
chromosome 11).

grade dysplasia showed tetrasomy and pentasomy of
chromosome 11 (2.4% and 0.8%), respectively (Table 1).
All eleven cancer cases showed varying degrees of
aneusomy of chromosome 11 in the affected tissues.
Both cases of adenocarcinoma showed trisomy and
tetrasomy. Of the remaining SCC cases, 4/9 showed only
trisomy, 5/9 also showed tetrasomy and 1/9 also exhibited
pentasomy of chromosome 11 (Table 1).

DISCUSSION
Chromosomal instability leading to aneuploidy and
subsequently, specific aneusomies is characteristic of
cancers [7,12] . In spite of the somatic gene-mutation
hypothesis suppor ting the role of oncogenes and
tumor suppressor genes in carcinogenesis, it has not
been possible to disprove the century-old aneuploidy
hypothesis even today. Cancer independent evidence
suggests that specific aneusomies encode the phenotypes
of irreversible precancerous lesions and are sufficient
to alter the phenotype of eukaryotic cells to trigger
cellular transformation [13-16]. Given this, it follows that
chromosome number mutation, not gene mutation
alone, is a probable cause of many dominant cancer cell
phenotypes. Aneusomy can alter the dosage and thus
the relevant activities of thousands of genes on the
chromosome involved. Dividing aneuploid cells become
increasingly unstable and most of these cells die eventually;
rarely, these generate a specific aneusomy which then
promotes the cell toward neoplastic transformation.
Specific chromosomal aneuploidies are characteristic
of solid tumors unlike the random aneuploidies exhibited
in hematological malignancies[9,17]. Chromosome 11 has a
number of oncogenes and tumor suppressors including
Cyclin D1, which is overexpressed in a wide variety of
human neoplasms[18,19]. Reports suggest that overexpression
of cyclin D1 is not due to gene amplification but due
to chromosome number changes[5]. Other studies show
the partial segmental aneusomy involving chromosome
11 in esophageal cancers, indicating its probable role in
the disease etiology[10,11]. In the present work, FISH was
used to assess change in chromosome 11 copy number in
esophageal tumors using centromeric DNA probes.
Interestingly, our results showed that 100% of the
cancerous lesions of the esophagus were aneusomic
www.wjgnet.com
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for chromosome 11. These ranged from trisomies to
pentasomies in the same sample, indicating heterogeneity
in the tumor tissue (Table 1). The baseline monosomy
established (due to experimental artifacts) was similar in all
controls, precancers and cancers. This is the first study to
report that chromosome 11 copy number is altered in both
esophageal SCC and ADC tumors. Because the number of
ADC cases was small, there was no significant difference
in the levels of aneusomy between SCC and ADC tumors.
None of the controls showed any aneusomy suggesting
that this chromosomal alteration is associated only with
the neoplastic changes.
In addition, we also made a detailed investigation
regarding the esophageal pathologies in each sub-group
(though small in number) and the aneusomy in them.
T here have been ver y few re por ts of specific
aneusomies in esophageal premalignant lesions; using
FISH, some studies showed hyperdiploidy involving
chromosomes 4 and 8 in BE, aneuploidy in chromosome
11 in esophageal tumors and Barrett’s dysplasias[20-23]. In
the present work, all the precancerous lesions including
BE with high-grade dysplasia exhibited aneusomy of
chromosome 11. Our data indicate that levels of aneusomy
of chromosome 11 seemed to occur increasingly in
preneoplastic tissues suggesting that there may be genes
on chromosome 11 that have a role in the initiation and
neoplastic transformation of esophageal lesions.
Cytogenetic analysis by conventional chromosomal
banding is labor-intensive and time-consuming. Besides,
it is difficult to analyze some of the complex karyotypes
characteristic of many human tumors. On the other hand,
FISH is a relatively more convenient and quick method
for evaluating tissue cell chromosomal changes [24,25] .
Moreover, we have observed that by using adequate
fluorescent signal capture (optical sectioning microscopic
method) and analysis systems, an accurate estimate of the
changes in chromosome copy number could be obtained
from tumor tissues, based on which we could make
satisfactory interpretations. Our study supports the finding
that solid tumor cancers are often aneuploid for specific
chromosomes and this may be used as an ancillary marker
for detecting early changes associated with cancer.
Epigenetic changes like DNA methylation may lead
to chromosomal instability, activation of endogenous
parasitic sequences and mutations[26]. Cancer cells undergo
methylation changes resulting in overexpression/silencing
of several genes that are responsible for maintaining
chromosomal integrity. Our study also revealed that 4/11
cancers and 2/5 precancers with increased copies of
chromosome 11 had a hypermethylated hMLH1 repair
gene promoter known to be responsible for altered repair
efficiency (data not shown).
We did not perform any studies to assess whether this
aneusomy correlates with the DNA content aneuploidy
(i.e. gross chromosomal instability) of the tissues. The
sample number (with a mix of ADCs and SCCs, which
might have different etiologies), though, was not sufficient
to make conclusions about predictive values, the results
showed the differences in the frequencies of aneusomy
in the two types of tumor. The present work clearly
indicates that aneusomy is observed in early esophageal
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lesions and may be involved in neoplastic transformation.
Aneusomy of other chromosomes cannot be ruled out,
however here, chromosome 11 is clearly demonstrated in
all the esophageal pathologies studied. This marker merits
investigation in a larger number of cases to determine its
potential as a predictive molecular marker for an increased
risk for malignant transformation.
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comments
Background

More than 30% of the adult population exhibits esophageal tract disorders, where
a certain proportion of chronic cases even develop malignancy. Markers for early
detection, which will help improve survival and treatment response are still lacking.
This study investigates specific aneusomies which are believed to be associated
with solid cancer phenotypes.
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Research frontiers

Current biopsy surveillance programs are based on histopathological assessment
of the tissue. However, molecular changes precede visible histopathological
changes in cancer. FISH-based assay using brush cytology specimens (more
easily accessible than biopsy) are increasingly used for investigation of
chromosomal alterations and after validation these molecular markers can be used
for routine surveillance in order to aid in early detection.

Innovations and breakthroughs

FISH, when compared to conventional cytogenetic analysis, is a more convenient
and quick method for evaluating tissue cell chromosomal changes. An apotomeattached optical sectioning microscope to capture fluorescent probe signals has
shown maximum efficiency for signal analysis in tissue FISH. This will aid in
satisfactory data collection and interpretation.
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Applications

Chromosome 11 aneusomy has been demonstrated in all the cases of cancer and
precancer studied by us indicating its potential as an early marker for neoplastic
transformation. Our results call for evaluating this marker in a larger cohort of
patients.
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Terminology
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Abstract
AIM: To investigate the effects of 2-(8-hydroxy-6methoxy-1-oxo-1H-2-benzopyran-3-yl) propionic acid
(NM-3) alone and in combination with carboplatin on
tumor growth and apoptosis in mouse models of human
gastric cancer constructed by subcutaneous implantation
of histologically intact tumor tissue.
METHODS: Human gastric cancer SGC-7901 tissues
were implanted into the dorsal subcutis of nude mice.
One week after tumors reached to a volume of 50-100
3
mm for around 1 wk, these mice were randomly divided
into 8 groups (n = 10). NM-3 was injected peritoneally at
the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg every other
day for 5 wk, combined with carboplatin (5 mg/kg) every
third day for 4 wk. As controls of combined treatment,
another 4 groups of mice were injected with either NM-3
at 10 mg/kg, 20 mg/kg or 40 mg/kg, or with carboplatin
alone (5 mg/kg). The control mice received normal
saline. Tumor weight, tumor growth inhibition (TGI), and
intratumoral microvessel density (MVD) were evaluated.
Apoptosis of human gastric cancer was detected by
TUNEL method and flow cytometry analysis, respectively.
RESULTS: The mean tumor volume (692.40 ± 58.43
3
3
3
mm , 548.30 ± 66.02 mm , 382.13 ± 43.52 mm )
after treatment with carboplatin combined NM-3 at
the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg was
lower than that after treatment with either NM-3 at
the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg or with
carboplatin alone. Compared with the normal saline
group, NM-3 administered at 10 mg/kg, 20 mg/kg or 40
mg/kg significantly reduced the tumor weight in these
groups (P < 0.05). Carboplatin used alone at 5 mg/kg

showed minimal effects. But NM-3 in combination with
carboplatin had greater effects of tumor weight than
either NM-3 or carboplatin alone. NM-3 alone at the
dose 10 mg/kg or in combination with carboplatin had
no obvious effects on body changes. Two mice died
of diarrhea in each of the two groups treated with 40
mg/kg NM-3 or with 40 mg/kg NM-3 in combination
with carboplatin. A significant increase in apoptosis
was observed in the NM-3 treated groups, and the
effect was more significant in the groups treated with
carboplatin in combination with NM-3 at 10 mg/kg, 20
mg/kg and 40 mg/kg, than in the control group. The
induction of apoptosis was positively associated with
the dose of NM-3. NM-3 significantly reduced the neomicrovascular formation of gastric cancer. The MVD was
lower in the groups treated with NM-3 or with NM-3 in
combination with carboplatin than in the group treated
with carboplatin or in the normal saline group (P < 0.05).
CONCLUSION: The results suggest that the inhibitory
effect of NM-3 on gastric cancer growth is mediated
through decreased angiogenesis and the increased
induction of apoptosis. Furthermore, NM-3 alone at the
dose of 10 mg/kg or in combination with carboplatin
has no obvious effects on body changes, indicating that
NM-3 in combination with carboplatin may be effective
in the treatment of gastric cancer. The toxicity of NM-3
needs further studies.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric carcinoma is one of the most frequent
malignancies and one of the major causes of cancer deaths
www.wjgnet.com
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in China [1]. Up to now, the prognosis of patients with
gastric cancer is very poor because gastric cancer is usually
diagnosed at its advanced stage throughout the world.
Even after curative resection, it remains at a high risk
of relapse. Chemotherapy is one of the most important
treatment modalities for gastric cancer. However, its effect
is limited due to its adverse reactions and resistance of
tumor cells to chemotherapeutic agents[2].
Apoptosis plays an important role in the growth of
malignant tumor cells. It has been shown that apoptosis
can be induced in gastric cancer by some chemotherapeutic
drugs, such as 5-fluorouracil, cisplatin and paclitaxel [3].
Recent studies have demonstrated that angiogenesis
plays a crucial role in tumor growth and metastasis.
Vascular endothelial growth factor (VEGF) and fibroblast
growth factor-2 (FGF-2) are the main factors promoting
angiogenesis[4-6]. It has been shown that radiation-induced
tumor regression is enhanced by angiogenesis inhibitors.
Angiostatin or antibody to VEGF in combination with
chemotherapy produces greater antitumor effects than
either treatment alone[7,8].
Recently, induction of apoptosis by antiangiogenic
therapy has been suggested as a new anticancer strategy[9].
2- (8-hydroxy-6-methoxy-1-oxo-1H-2-benzopyran-3yl) propionic acid (NM-3), is a synthetic derivative of
cytogenin. In vitro studies have demonstrated that the
inhibitory effects of NM-3 at lower concentrations
are stronger on the growth of human umbilical vein
endothelial cells than on the growth of normal fibroblasts
or tumor cells[10]. NM-3 alone inhibits endothelial sprouting
and tube for mation in vitro. It has been shown that
NM-3 can enhance 5-fluorouracil-induced tumor growth
inhibition in breast carcinoma xenografts with no effects
on body changes [11]. In this study, we investigated the
effects of NM-3 alone or in combination with carboplatin
on tumor growth and apoptosis in mouse models of
human gastric cancer constructed by subcutaneous
implantation of histologically intact tumor tissue.

MATERIALS AND METHODS
Materials
Male BALB/c/nu/nu nude mice were obtained from
Shanghai Experimental Animal Center of the Chinese
Academy of Sciences. Animals used were 6-wk old and
weighed 20-25 g. Human gastric cancer SGC-7901 was
obtained from Shanghai Cancer Institute. NM-3 was
provided by professor Robert (National Cancer Research
Center of America), concentration of NM-3 was
20 mg/mL.
Animal experimental method
Animal models were made using subcutaneous
implantation of histologically intact tissue of human
gastric carcinoma. Tumors were resected aseptically.
Necrotic tissue was removed and the remaining tumor
tissues were minced into pieces about 2 mm in diameter
and implanted into the dorsal subcutis of mice.
One week after tumors reached a volume of 50-100
mm3 for around 1 wk, these mice were randomly divided
into 8 groups (n = 10). NM-3 was injected peritoneally
www.wjgnet.com
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at the dose of 10 mg/kg, 20 mg/kg or 40 mg/kg every
other day for 5 wk, in combination with carboplatin (5
mg/kg) every third day for 4 wk. As controls of combined
treatment, another four groups of mice were injected
NM-3 or carboplatin alone. The control mice received
normal saline as indicated. The mice were weighed twice
weekly, and tumor measurements were taken by calipers
twice weekly. Tumor volume was measured using the
formula (V = ab2/2), where a is the largest diameter and b
the smallest diameter. Tumor growth inhibition (TGI) in
each group was (mean control tumor weight - mean treated
tumor weight)/mean control tumor weight × 100%.
Sample collection and pathological examination
All animals were sacrificed 7 wk after the implantation.
Tumors were biopsied, fixed in 10% for malin, and
processed for routine paraffin embedding. Tumors were
evaluated histologically under microscope.
Mean microvascular density (MVD of tumor)
Four-micron-thick sections were deparaffined in xylene
and rehydrated in graded alcohol. Immunostaining was
performed using a labeled streptavidin biotin method.
Immunohistochemical staining was carried out to detect
CD34 expression following the manufacturer’s protocol
(Santa Cruz Biotech Company). The modified Weidner’s
method was used for the evaluation of MVD according
to CD34 endothelial cell immunostaining. For microvessel
counting, positive staining for MVD in five most highly
vascularized areas in each section was counted in
200 × fields. MVD was expressed as the average of
the microvessel count in the 5 areas. Any endothelial cell
or endothelial cluster positive for CD34 (brown-yellow
staining) was a single countable microvessel.
Detection of cell apoptosis idex (AI)
Apoptosis of human gastric cancer was detected by
terminal deoxynuclotidyl transferase- mediated deoxyuridine triphosphate-fluorescene nick end labeling
( T U N E L ) m e t h o d a n d f l ow c y t o m e t r y a n a l y s i s,
respectively. TUNEL method was performed as indicated.
Flow cytometry analysis was conducted as follows. In
brief, propidium iodide (PI) staining was used for flow
cytometric detection of apoptosis, 1 × 106 cells from each
of the samples were treated with RNase and stained with
PI. DNA strand-labeled apoptotic cells were calculated
with a flow cytometer (FACS Calibur, Becton Dickinson,
USA.). Data were collected from 1 × 106 cells/sample,
stored and analyzed using CELLQUES’T and MODFITLT
for macV 1.01 software.
Statistical analysis
All data were expressed as mean ± SD. Student’s t test was
used to determine changes in different groups. P < 0.05
was considered statistically significant.

RESULTS
Inhibitory effect of NM-3 on growth of xenografted human
gastric cancer in nude mice
The mean tumor volume (MTV) in the groups treated
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Table 1 Inhibitory effect of NM-3 on gastric cancer growth (mean ± SD)
3

Groups 		

n

MTV (mm )

Normal saline
NM-3 (10 mg/kg)
NM-3 (20 mg/kg)
NM-3 (40 mg/kg)
NM-3 (10 mg/kg) + carplatin
NM-3 (20 mg/kg) + carplatin
NM-3 (40 mg/kg) + carplatin
Carplatin		

10
10
10
8
10
10
8
10

81.24 ± 12.63
79.68 ± 13.72
81.08 ± 12.90
81.36 ± 11.20
80.29 ± 14.26
82.30 ± 14.53
81.97 ± 12.77
80.01 ± 13.67

Body weight (g) Tumor weight (mg) TGI (%)
25.8 ± 1.04
24.4 ± 0.76
23.1 ± 0.82
22.9 ± 1.06
24.2 ± 0.88
24.4 ± 0.78
22.5 ± 1.13
23.0 ± 1.03

1754.0 ± 144.2
1351.0 ± 116.9
1041.1 ± 143.5
765.5 ± 140.1
1002.0 ± 101.4
919.0 ± 149.8
645.7 ± 135.1
1655.0 ± 157.4

23.0a
40.6a
56.2a,c
42.7a,c
47.6a,c
63.2a,c
5.6

a

P < 0.05 vs normal saline control group and carboplatin group, cP < 0.05 vs NM-3 (10 mg/kg) group.

B

280

300

140

Counts
210

240
Counts
180

Groups		

n

AI (TUNEL )

AI (FAScan)

Normal saline
NM-3 (10 mg/kg)
NM-3 (20 mg/kg)
NM-3 (40 mg/kg)
NM-3 (10 mg/kg) + carplatin
NM-3 (20 mg/kg) + carplatin
NM-3 (40 mg/kg) + carplatin
Carplatin		

10
10
10
8
10
10
8
10

2.12 ± 2.19
6.02 ± 1.63a
10.43 ± 3.15a,c
22.06 ± 5.68a,c
8.66 ± 2.35a,c
12.63 ± 3.75a,c
24.63 ± 3.67a,c
2.47 ± 0.31

1.59 ± 0.24
3.84 ± 0.68a
8.21 ± 1.01a,c
18.26 ± 4.46a,c
6.96 ± 0.65a,c
10.65 ± 1.43a,c
21.66 ± 2.96a,c
1.85 ± 0.34

0

70

120
60
0
0

Table 2 Effect of NM-3 on cell apoptosis of gastric cancer
(mean ± SD, %)

350

A
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Figure 1 Propidium iodide (PI) staining for flow cytometric detection of apoptosis
in control group (A) and NM-3- treated group (B).

with 10 mg/kg, 20 mg/kg or 40 mg/kg NM-3 was 989.50
± 102.17 mm3, 826.20 ± 76.52 mm3, and 709.75 ± 89.30
mm3, respectively, which was significantly smaller than that
in the control group receiving normal saline (1609.60 ±
122.11 mm3, P < 0.05). Carboplatin at the dose of 5 mg/kg
had no significant inhibitory action on gastric carcinoma
with MTV being 1532.14 ± 110.12 mm3. However, the
mean tumor volume in groups treated with carboplatin in
combination with NM-3 was 692.40 ± 58.43 mm3 , 548.30
± 66.02 mm3, and 382.13 ± 43.52 mm3, respectively, which
was lower than that in the groups treated either with NM-3
or with carboplatin alone. Compared with the normal
saline group, NM-3 administered at 10 mg/kg, 20 mg/kg or
40 mg/kg significantly reduced the tumor weight in these
groups, and the effect was more significant when NM-3
was given at a dose of 40 mg/kg (P < 0.05). Carboplatin
used alone at the dose of 5 mg/kg showed minimal effects.
But NM-3 in combination with carboplatin, however, had
a more significant effect on tumor weight than NM-3 or
carboplatin alone (Table 1).The mean tumor volume did
not differ among groups before treatment (Table 1).
During the experiment, diarrhea occurred in some
mice when NM-3 was given at the dose of 20 mg/kg or
40 mg/kg. Two mice died of diarrhea in each of the two
groups treated with 40 mg/kg NM-3 or with 40 mg/kg
NM-3 in combination with carboplatin. The remaining
mice recovered at the latter stage of the experiment. NM-3
alone at the dose of 10 mg/kg or in combination with
carboplatin had no obvious effects on body changes.

a

P < 0.05 vs normal saline control group and carboplatin group, cP < 0.05 vs
NM-3 (10 mg/kg) group.

Effect of NM-3 on cell apoptosis of human gastric cancer
cells
A p o p t o s i s o f g a s t r i c c a n c e r c e l l s wa s o b s e r ve d
microscopically. Manifestations of apoptosis could be
found more frequently in NM-3-treated groups, such as
cell shrinkage, nuclear condensation, DNA fragmentation
and for mation of apoptotic bodies. Apoptosis was
detected with flow cytometry (Figure 1).
The apoptosis index of tumors treated with carboplatin
alone was not significantly different from that of the
control group (P > 0.05). However, a significant increase
in apoptosis was observed in the NM-3-treated groups,
and the effect was more significant in the groups treated
with carplatin in combination with NM-3 at 10 mg/kg, 20
mg/kg and 40 mg/kg than in the control group (Table 2).
The induction of apoptosis was positively associated with
the dose of NM-3.
Effect of NM-3 on MVD
NM-3 significantly reduced the neo-microvascular
formation of gastric cancer implanted into nude mice.
The MVD was lower in groups treated with NM-3 or with
NM-3 in combination with carboplatin than in carboplatin
group or normal saline group (P < 0.05). More significant
inhibitory effects on MVD of tumor were observed
in NM-3-treated groups at the dose of 40 mg/kg or in
combination with carboplatin than in control group (P <
0.05, Table 3, Figure 2A-H).

DISCUSSION
Recent studies have shown that angiogenesis plays a
www.wjgnet.com
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Table 3 Effect of NM-3 on MVD (mean ± SD)
Groups

n

Normal saline		
NM-3 (10 mg/kg)		
NM-3 (20 mg/kg)		
NM-3 (40 mg/kg)		
NM-3 (10 mg/kg) + carplatin
NM-3 (20 mg/kg) + carplatin
NM-3 (40 mg/kg) + carplatin
Carplatin			

10
10
10
8
10
10
8
10

January 28, 2007

Volume 13

A

B

C

D

E

F

G

H

Number 4

MVD
7.30 ± 0.53
5.10 ± 0.40a
4.72 ± 0.51a
2.02 ± 0.50a,c
4.96 ± 0.37a
4.80 ± 0.39a
1.78 ± 0.42a,c
6.98 ± 0.45

a

P < 0.05 vs normal saline control group and carboplatin group, cP < 0.05 vs
NM-3 (10 mg/kg) group.

critical role in solid tumor growth and its development[8].
Antiangiogenic agents inhibit tumor growth by preventing
proliferation, migration and sprouting of tumor endothelial
cells and formation of new blood vessels. Antiangiogenic
therapy plays an important role in improving prognosis
of patients with gastric carcinoma [12-15]. NM-3, a small
molecule isocoumarin, is a recently discovered angiogenesis
inhibitor. It has been shown that NM-3 enhances the
antitumor effects of some chemotherapeutic drugs in
breast and prostate tumor models [11] . The increased
antitumor effects of chemotherapy in combination with
NM-3 can be achieved without any apparent increase in
toxicity. To date, the effect of antitumor and induction
of cell apoptosis of NM-3 on human gastric cancer have
not been reported. It is worthwhile, therefore, to further
research its antitumor mechanisms underlying gastric
cancer.
In the present study, NM-3 significantly inhibited
the growth of human gastric cancer in mice. Compared
with the controls, g rowth of the tumor implanted
subcutaneously was remarkably reduced in size and
weight in the mice treated with NM-3 at the doses of
10 mg/kg, 20 mg/kg, 40 mg/kg. These doses of NM-3
in combination with carboplatin delayed the growth of
SGC-7901 human gastric cancer in mice, compared with
NM-3 or carboplatin alone. NM-3 alone at the dose of
10 mg/kg or in combination with carboplatin had no
obvious effects on body changes. However, two mice
died of diarrhea in each of the two groups treated with
40 mg/kg NM-3 or with 40 mg/kg NM-3 in combination
with carboplatin, suggesting that the toxicity and doses
of NM-3 used in patients need further studies. Although
tumor growth was inhibited by NM-3 in combination with
carboplatin as compared with normal saline group, tumor
weight increased. This may be due to the lower dose of
carboplatin used. In our study, carboplatin at the dose
of 5 mg/kg showed minimal effects on tumor growth.
Previous studies have demonstrated that chemotherapy in
combination with an angiogenesis inhibitor can enhance
tumor growth inhibition. Reimer et al[11] demonstrated that
NM-3 can significantly enhance tumor growth inhibition
in breast and prostate carcinoma xenografts at nontoxic
doses in combination with 5-fluorouoacil, paclitaxel or
cyclophosphamide given at subtherapeutic doses. These
effects were particularly marked when NM-3 was combined
with cyclophosphamide. Vinblastine in combination with
www.wjgnet.com

Figure 2 Immunohistochemical method for detection of microvessel density in
mice injected with normal saline (A); carboplatin alone (B); 10 mg/kg NM-3 (C); 20
mg/kg NM-3 (D); 40 mg/kg NM-3 (E); 10 mg/kg NM-3 in combination with 5 mg/kg
carboplatin (F); 20 mg/kg NM-3 in combination with 5 mg/kg carboplatin (G); 40
mg/kg NM-3 in combination with 5 mg/kg carboplatin (H); × 200.

VEGF receptor-2 antibody could cause sustained tumor
regression. Salloum et al[10] studied the antitumor effects
of NM-3 in combination with radiotherapy, and found
that the tumor is significantly regressed after combined
treatment compared with radiotherapy alone with no
increase in systemic or local tissue toxicity, suggesting that
NM-3 in combination with chemotherapy or radiotherapy
can increase the efficacy of cancer treatment.
Cell apoptosis is an active death process of cells, its
imbalance or changes are related to the occurrence of
many diseases. Gastric cancer is not only a disease with
abnormal cell proliferation and differentiation, but also a
disease with abnormal apoptosis[16,17]. Increased apoptosis
in human gastric cancer cells could be observed after
treatment with 5-fluorouracil, cisplatin, etc. The results
suggest that these drugs can be used in the treatment
of patients with gastric cancer by inducing apoptosis of
cancer cells. The results obtained by TUNEL method
and cytometry analysis indicate that apoptosis is induced
by NM-3. Matsuhashi et al[18] investigated the relationship
between p53 expression and apoptosis induction of
5-fluorouracil and cisplatin on gastric cancer cells, and
found that combined administration of 5-fluorouracil and
cisplatin does not induce apoptosis of MKN-28 (mutanttype p53), while apoptotic cells can be observed in the case
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of MKN-45 (wild-type p53). Browder et al[19] demonstrated
that TNP-470 at a low dose in combination with
cyclophosphamide can eradicate drug-resistant Lewis lung
carcinoma. Agata et al[20] revealed that NM-3 potentiates
dexamethasone-induced apoptosis of human multiple
myeloma cells. Moreover, NM-3 is effective against
dexamethasone-resistant RPMI8226 and U266 multiple
myeloma cells. NM-3 enhances dexamethasone-induced
release of mitochondrial apoptogenic factors (cytochrome
c and smac/DIABLO) and dexamethasone-induced
activation of intrinsic caspase-9→caspase-3 apoptotic
pathway. These results suggest that NM-3 inhibits the
growth of gastric cancer by enhancing apoptosis of cancer
cells.
Angiogenesis has been implicated in the growth and
metastasis of gastric cancer. MaCarty et al[21] reported that
ZD6474, a vascular endothelial growth factor receptor
(tyrosine kinase inhibitor) inhibits orthotopic growth and
angiogenesis of gastric cancer and increases tumor cell
apoptosis. Stoeltzing et al[22] demonstrated that inhibition
of hypoxia-inducible factor 1 activity can inhibit gastric
cancer growth and angiogenesis. Kamiya et al[23] showed
that the antitumor effect of VEGF Ab on gastric cancer
is exerted by inducing mild hypoxia and apoptosis. Reimer
et al[11] reported that the antitumor effects of NM-3 in
combination with chemotherapeutic agents are mediated
through decreased proliferation of endothelial cells. The
present study indicated that NM-3 significantly inhibited
angiogenesis in gastric cancer, suggesting that apoptosis
of gastric cancer is mediated by NM-3 through decreased
angiogenesis and that the inhibitory effect of NM-3
on gastric cancer growth is related to the induction of
apoptosis.
In conclusion, NM-3 in combination with carboplatin
is effective against gastric cancer. The toxicity and
mechanism of NM-3 underlying apoptosis of gastric
cancer need further studies.

comments
Background

Gastric carcinoma is one of the most frequent malignancies in China. Angiogenesis
plays a crucial role in tumor growth and metastasis. Recently, induction of
apoptosis by antiangiogenic therapy has been suggested as a new anticancer
strategy.

Research frontiers

2-(8-hydroxy-6-methoxy-1-oxo-1H-2-benzopyran-3-yl) propionic acid (NM-3) is
a synthetic derivative of cytogenin. In vitro studies have demonstrated that the
inhibitory effects of NM-3 at lower concentrations are stronger on human umbilical
vein endothelial cells than on normal fibroblasts or tumor cells. NM-3 alone inhibits
endothelial sprouting and tube formation in vitro.

Innovations and breakthroughs

There is some experience of NM-3 as an apoptotic and antiangiogenic inducer in
other types of tumors such as lung and prostatic cancers, but not in gastric cancer
which is associated with high chemotherapy resistance. Inhibitory effects of NM-3
on gastric cancer growth are mediated through decreased angiogenesis and
the increased induction of apoptosis. NM-3 at the dose of 10 mg/kg alone or in
combination with carboplatin has no obvious effects on body changes.

Applications

NM-3 in combination with carboplatin may be effective against gastric cancer.
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Peer review

This is a well designed experimental study of apoptosis and effects of NM-3 and
carboplatin on gastric cancer model (SGC-7901). There is some experience in
NM-3 as an apoptotic and antiangiogenic inducer in other types of tumors such as
lung and prostatic cancers, but not in gastric cancer which is associated with high
chemotherapy resistance. The paper is interesting.
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Abstract
AIM: To assess the usefulness of two independent
histopathological classifications of rectal cancer
regression following neo-adjuvant therapy.
METHODS: Forty patients at the initial stage cT3NxM0
submitted to preoperative radiotherapy (42 Gy during
18 d) and then to radical surgical treatment. The
relationship between “T-downstaging” versus regressive
changes expressed by tumor regression grade (TRG 1-5)
and Nasierowska-Guttmejer classification (NG 1-3) was
studied as well as the relationship between TRG and NG
versus local tumor stage ypT and lymph nodes status,
ypN.
RESULTS: Complete regression (ypT0, TRG 1) was
found in one patient. “T-downstaging” was observed
in 11 (27.5%) patients. There was a weak statistical
significance of the relationship between “T-downstaging”
and TRG staging and NG stage. Patients with ypT1 were
diagnosed as TRG 2-3 while those with ypT3 as TRG5.
No lymph node metastases were found in patients with
TRG 1-2. None of the patients without lymph node
metastases were diagnosed as TRG 5. Patients in the
ypT1 stage were NG 1-2. No lymph node metastases
were found in NG 1. There was a significant correlation
between TRG and NG.
CONCLUSION: Histopathological classifications
may be useful in the monitoring of the effects of
hyperfractionated preoperative radiotherapy in patients

with rectal cancer at the stage of cT3NxM0. There is
no unequivocal relationship between “T-downstaging”
and TRG and NG. There is some concordance in the
assessment of lymph node status with ypT, TRG and NG.
TRG and NG are of limited value for the risk assessment
of the lymph node involvement.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is the third most common malignancy
diagnosed in the USA[1]. The estimated colorectal cancer
mortality in the USA in 2006 is 55 170 [2]. The primary
treatment method for rectal cancer is surgery, namely
anterior rectal resection, abdomino-perineal resection
or local excision [3-6] . Preoperative radiotherapy and
radiochemotherapy play an increasing role in the treatment
of rectal cancer[7-13]. The effectiveness of neo-adjuvant
therapy may be assessed and monitored by means of longterm survival follow up, incidence of local recurrence,
estimation of the percentage of patients with primary
high stage tumor suitable for radical surgery, estimation
of the percentage of patients suitable for sphincter-saving
surgery or by monitoring the tumor stage using visualizing
diagnostic methods[14,15]. Transrectal ultrasound (TRUS) is a
useful method for the assessment of the local tumor stage
and the regional lymph node status prior to neo-adjuvant
therapy [3,4,6,16]. Basing on TRUS and histopathological
examination one can define the tumor reg ression
parameter “T-downstaging”. Lower ypT parameter value
(local tumor stage assessed by the pathologist in surgical
specimen following neo-adjuvant therapy) than uT (local
www.wjgnet.com
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tumor stage assessed by surgeon with use of TRUS prior
to neo-adjuvant therapy) is considered an evidence of
tumor regression. The value of ypT parameter equal or
higher than uT indicates lack of tumor regression[11,14,17-21].
This parameter may also be applied to the regression
of metastatic regional lymph nodes in rectal cancer,
“N-downstaging”[17,20,22-26].
Preoperative radiotherapy and radiochemotherapy
evokes a rang e of mor phological chang es in the
microscopic picture of rectal cancer including increased
tumor necrosis, cellular and nuclear atypia, endocrine
differentiation of tumor cells, increased stromal fibrosis,
quantitative and qualitative changes of the stromal
inflammatory exudates, formation of mucin pools, surface
ulceration, peritumoral eosinophilic infiltrate, dysplastic
and adenomatous changes (high-grade dysplasia, and lowgrade adenoma component in the intestinal mucosa)[5,27,28].
Several histopathological classifications of rectal
carcinoma response to neo-adjuvant therapy have been
proposed[5,20,29-33]. However, none of these classifications
is used in routine histopathological diagnostics. This
results from the fact that macro- and microscopic changes
within the tumor structure and surrounding tissues are
not a specific response to ionizing radiation but also may
result from the non-specific inflammation, hormonal
therapy and local immune reaction[5,7]. Tumor regression
grade (TRG) is a semi-quantitative parameter describing a
relative proportion of residual tumor and stromal fibrosis.
It is regarded a useful parameter for the assessment
of histopathological changes in tumor following neoadjuvant therapy[14,18,19,21,22,29,34-38]. There are five grades of
cancer response to treatment in TRG staging, ranging
from TRG 1-no residual cancer cells in the intestinal
wall, replaced by fibrous tissue, through TRG 2-presence
of occasional residual cancer cells, scattered in fibrous
stroma, TRG 3-fibrosis dominating over residual cancer,
TRG 4-residual cancer outgrowing fibrosis, to TRG 5-no
tumor response or regression, no fibrosis with extensive
residual cancer [29]. Another classification, proposed by
Nasierowska-Guttmejer (NG) distinguishes three degrees
of cancer response to neo-adjuvant therapy depending
on the intensity of the morphological changes. At present
one should assess cancer cell degeneration (no cancer cells,
high, moderate and low-grade degeneration), mucus pools
(present or absent) and necrosis (absent, ≤ 50% cancer
tissue, > 50% cancer tissue). Point scores are designated to
each parameter of tumor response to neo-adjuvant therapy
and then are summarized [5].
Some authors believe that “T-downstaging” does not
precisely reflect cancer regression following neo-adjuvant
therapy. They state that residual cancer has a form of
rather small foci surrounded by fibrous tissue and they
are localized in all layers of the rectal wall. Such a deep
localization results in diagnosis of high tumor stage despite
a good response to radiotherapy. This phenomenon
justifies the search for the histopathological tumor
regression grading systems[14,20,35,39]. Rodel et al[40] suggest
that tumor regression following radiotherapy reflects its
less aggressive potential resulting from the molecular
profile. Particular biological properties of a tumor
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influencing its chemo-radiosensitivity may also prove to
be of long-term prognostic significance, especially in cases
submitted to neo-adjuvant therapy.
TRG classification is probably superior versus
“T-downstaging” in terms of the evaluation of neoadjuvant therapeutic effects[14]. Reports on the relationship
between “T-downstaging” or ypT and TRG are not
numerous, and are with regard to preoperative longterm radiotherapy and chemoradiotherapy[21,22,35,36]. The
relationship between TRG and the probability of lymph
nodes involvement has been described in detail only in
patients with rectal cancer submitted to long-term radiochemotherapy[22,41]. So far, no results have been published
comparing the NG with other rectal cancer regression
assessment systems following neo-adjuvant therapy.
The aim of the present study is to evaluate if two
independent histopathological classifications based on
semiquantitative assessment of regressive changes may
prove useful for the monitoring of patients with rectal
adenocarcinoma, initial stage cT3NxM0 submitted to
preoperative hyperfractionated radiotherapy.
Our particular aim was to assess whether there is
any relationship between: (1) “T-downstaging” and
histopathological staging systems of cancer response
to neo-adjuvant treatment (TRG and NG systems); (2)
“T-downstaging” and local tumor stage and lymph node
status; (3) TRG and NG classification and local tumor
stage and lymph node status; (4) mutual relationships
between TRG and NG systems.

MATERIALS AND METHODS
Patients
The study encompassed patients with rectal adenocarcinoma
submitted to hyperfractionated preoperative radiotherapy,
with perirectal tissue invasion assessed with ultrasound
examination prior to neo-adjuvant treatment (TRUS:
uT3). Patients’ general performance status according to
the Eastern Cooperative Oncology Group classification
ranged from 0 to 2 points. Patients with distant metastases
found on chest X-ray, and abdominal and pelvis CT
examination were excluded from the study. Also, patients
formerly submitted to radiotherapy due to present disease
or another neoplasm were not included into the study.
None of the patients had a history of inflammatory bowel
disease.
Forty patients were included into the study. Median
age was 64 (range 45-75) years. Ultrasound examination
protocol has been described previously[6]. All patients were
submitted to preoperative hyperfractionated radiotherapy.
A total dose of 42 Gy in 28 fractions during 18 d (twice
a day, 1.8 Gy, 5 d/wk, and with a minimum 6 h interval
between doses) using a three-field isocentric techniqueone posterior and two lateral portals. Photon rays of 20
(10-23) MV were used. The edge of the posterior field was
situated 5 cm below the lower tumor margin. The lateral
margins of the lateral fields extended beyond the pelvic
inlet. The upper edge was at the top of the fifth lumbar
vertebra. The target volume included the tumor and
regional lymph nodes. The standard size of the posterior
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Table 1 Clinicopathological characteristics of study patients
Median age (mean ± SD) (yr)
M:F

Feature

1:1
25
15

62.5%
37.5%

Tumor stage
ypT0
ypT1
ypT2
ypT3

1
4
6
29

2.5%
10%
15%
72.5%

26
8
6

65%
20%
15%

Lymph node status
ypN0
ypN1
ypN2
Number of lymph node assessed-median
(mean ± SD)

16 (18 ± 11.5)

Number of affected lymph nodes-median
(mean ± SD)

0 (2.6 ± 6.9)

Median tumor diameter1 (mean ± SD) (mm)

5
32
2

Group R (n = 11)

Group NR (n = 29)

Tumor stage
ypT0
ypT1
ypT2
ypT3

< 0.000
1 (9.1%)
4 (36.4%)
6 (54.6%)
0

0
0
0
29 (100.0%)

1 (9.1%)
2 (18.2%)
6 (54.6%)
2 (18.2%)
0

0
1 (3.5%)
11 (37.9%)
14 (48.3%)
3 (10.3%)

5 (45.5%)
2 (18.2%)
4 (36.4%)

4 (13.8%)
4 (13.8%)
21 (72.4%)

TRG
1
2
3
4
5
1
2
3

12.8%
82.1%
5.1%

33.5 (33.7 ± 16.1)

1

One case ypT0 (2.5%) had not been taken into account.

field was 12 cm × 15 cm and 10 cm × 15 cm for the lateral
fields. Surgery was performed 1-7 d (mean, 5 d) following
radiotherapy. Thirty one (77.5%) anterior resections,
8 (20.0%) abdomino-perineal resections and 1 (2.5%)
Hartmann’s operation, were performed.
Pathological examination
Surgical specimens were submitted to histopathological
examination according to standard protocol [42]. Special
attention was paid to definite, probable and potential
prognostic factors [43] . T he following pathological
parameters were evaluated: local tumor stage (ypT),
regional lymph node status (ypN), tumor grade (G1, G2,
G3), number of metastatic lymph nodes, and parameters
of the tumor response to radiotherapy. The latter included:
cancer cell degeneration (severe, moderate, mild), mucin
pools (absent, present), tumor necrosis (absent, ≤ 50%,
> 50% of the tumor), tumor response to radiotherapy
according to NG (1-3)[5], and TRG (1-5)[29] classification. In
cases with non-homogeneous tumor response pattern to
radiotherapy, the area of the weakest response was taken
into account [38]. Routine surgical specimens submitted
for histopathological examination were evaluated
retrospectively. Concerning radiotherapy and surgery, the
nature of the study was observatory and not experimental.
Statistical analysis
A study population was divided into 2 groups upon
the “T-downstaging” tumor regression parameter. A
group with features of cancer regression, ypT < uT (R
group) and with no regression, ypT ≥ uT (NR group)
were distinguished. The differences between groups in
parameters studied were tested using Pearson’s χ2 test,

P

Median age (range) 70 (55-77) (67.7 ± 7.2) 61 (45-70) (59.4 ± 9.9) < 0.05
(mean ± SD) (yr)

< 0.08

NG

Tumor histological grade (G)1
G1
G2
G3

Table 2 Relationship between “T-downstaging” and prognostic
parameters

64 (61.75 ± 10.0)

Lymph node involvement prior to radiotherapy (cN)
cN0
cN+

517

< 0.08

Fisher’s exact test, and Mann-Whitney’s U test. Correlation
was assessed with Spearman’s rank correlation. P < 0.05
was considered statistically significant.

RESULTS
Demographic data and staging parameters are presented
in Table 1. Local tumor stage, ypT3 was found in 29
(72.5%) patients. “T-downstaging” was observed in 11
out of 40 (27.5%) patients. Six (15.0%) of them showed
downstaging to ypT2, and 4 (10.0%) to ypT1. In one case,
histopathological examination has shown no evidence
of carcinoma in the intestinal wall (ypT0, TRG 1). Also,
no lymph node involvement was found in this patient
(ypT0N0). TRUS examination showed features of lymph
node involvement in 15 (37.5%) patients. In 8 (20%) of
15 patients in whom TRUS examination showed lymph
node involvement, microscopic examination revealed stage
ypN0. In 7 (17.5%) out of 25 patients with no evidence
of lymph node involvement in TRUS examination,
histopathological examination showed presence of
metastases. TRG grades 2, 3 and 4 were diagnosed in 3
(7.5%), 17 (42.5%) and 16 (40.0%) patients, respectively.
No tumor regression (TRG 5) was found in 3 (7.5%)
patients. Features of moderate or severe cancer cell
degeneration were observed in 17 (42.5%) patients. Mucus
lakes were seen in 22 (55.0%) cases. Necrosis was present
in 27 (67.5%) of cases including 1 case with more than
50% of tumor involvement. Stage 1, 2, and 3 of NG
classification was reported in 9 (22.5%), 6 (15.0%), and 25
(62.5%) patients, respectively.
Median age (range) in the group with tumor regression
was higher than those of patients with no evidence of
regression (Table 2). Groups R and NR included 5 (45.5%)
and 15 (51.7%) men (NS), respectively. TRUS examination
performed prior to neo-adjuvant therapy revealed lymph
node involvement in groups R and NR in 4 (36.36%)
and 11 (37.93%) patients (NS), respectively. Stage ypN0,
ypN1 and ypN2 was found in 9 (81.8%), 2 (18.2%), and
www.wjgnet.com
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Table 3 Relationship between tumor stage and TRG
TRG 1

TRG 2

TRG 3

TRG 4

TRG 5

Number 4

NG 1

NG 2

NG 3

Local tumor stage1,b

Local tumor stage

1
-

2
1

2
4
11

2
14

3

ypT0
ypT1
ypT2
ypT3

1
3
1
4

1
1
4

4
21

2
1

Lymph node involvement2,a
ypN0
ypN1
ypN2

9
-

5
1

12
8
5

Lymph nodes involvement2,c
ypN0
ypN1
ypN2

Volume 13

Table 4 Relationship between tumor stage and NG

1,a

ypT0
ypT1
ypT2
ypT3

January 28, 2007

1
-

3
-

14
1
2

8
5
3

1

Spearman R correlation r = 0.47; aP < 0.005, comparison between different
local tumor stages. 2Spearman R correlation r = 0.47; cP < 0.005, comparison
between different lymph nodes involvements.

1
Spearman R correlation r = 0.42; bP < 0.01, comparison between different
local tumor stages. 2Spearman R correlation r = 0.45; aP < 0.005, comparison
of lymph node involvement.

0 patients in group R and 17 (58.6%), 6 (20.7%) and 6
(20.7%) in group NR (NS). A trend (P < 0.12) indicating a
relationship between the number of lymph nodes assessed
and “T-downstaging” was found. Median (range) number
of lymph nodes in group R was 11 (3-35), and 17 (3-41) in
group NR. The number of involved lymph nodes in the
group R (median, range) did not differ from the number of
nodes in group NR, 0 (0-1) and 0 (0-35) (NS), respectively.
Tumor grade G1 was found in 2 (20.0%) patients, G2 in
7 (70.0%), and G3 in 1 (10.0%) patient in the R group,
and in 3 (10.3%), 25 (86.2%), and 1 (3.5%) patients in
the NR group (NS); one (2.5%) case at the ypT0 stage
had not been taken into account. Median (range) tumor
diameter in groups R and NR was 26 (10-65) mm and 35
(10-70) mm, respectively (NS). The relationship between
“T-downstaging” and TRG staging as well as the NG
stage was at the borderline of statistical significance. The
relationship between TRG and NG vs. local tumor stage
and lymph node status is shown in Tables 3 and 4. Patients
with ypT1 were diagnosed as TRG 2-3. Patients with
TRG5 were classified as ypT3. No lymph node metastases
were found in patients with TRG 1-2 (ypN0). None of the
patients without lymph nodes metastases were diagnosed
as TRG 5. Patients in the ypT1 stage were diagnosed as
NG 1-2. No lymph node metastases were found in NG 1.
There was a relationship between TRG and NG (correlation
R = 0.58, P < 0.01). Patients with TRG 1-2 were classified
as NG 1. Patients with TRG 5 were diagnosed as NG 3.

lymph node metastases. This finding may prove to be
of significance during planning of surgical treatment.
The percentage of patients with “T-downstaging” in
the group submitted to long-term radiotherapy and
radiochemotherapy ranged from 23/88 (26.0%) to 15/20
(75.0%)[14,17,20-24,27,34-36,39,46-49,51,52]. Among patients submitted
to short-term preoperative radiotherapy “T-downstaging”
ranged between 10/28 (35.7%) and 44/104 (43%)[11,14,18,19].
An alternative way for the assessment of local tumor stage
decrease is comparison of ypT in patients from study
groups and control groups in randomized trials on the
effects of neo-adjuvant therapy[53]. Results of randomized
studies on effects of short-term preoperative radiotherapy
with a dose of 25 Gy on local tumor stag e were
discrepant[8,44]. In the presented material, “T-downstaging”
was achieved in 11/40 (27.5%) patients. No correlation
between “T-downstaging” and lymph node involvement,
tumor grade and its diameter were found. In patients
submitted to neo-adjuvant therapy the number of assessed
lymph nodes is usually lower than in patients treated with
surgery only [54]. In the present study, a tendency towards
statistical significance (P < 0.12) of the correlation
between “T-downstaging” and the number of evaluated
lymph nodes was observed. More lymph nodes were found
in patients with local stage ypT3 (group NR) than in those
with ypT0-2 stage. Joseph et al[55] showed that in patients
with colon cancer at T1/T2 stage more lymph nodes
must be studied than in patients with T3/T4 in order to
reliably define stage pN0. However, frequently the surgical
approach is completely different in patients with lower
local stage a limited lymph node resection is performed[57].
In the presented study, “downstaging” parameter was
evaluated exclusively in order to show cancer regression
within the rectal wall (“T-downstaging”). This results from
the fact that the sensitivity of ultrasound evaluation of
affected lymph nodes prior to radiotherapy is probably
not sufficient to make a reference point for other, strictly
histopathological tumor regression classifications. The
accuracy of ultrasound examination in the evaluation
of lymph node involvement is 65%-81% and the
accuracy of the local tumor stage assessment is 82% to
93%[3]. Another argument against uN parameter in the
evaluation of rectal cancer regression is that uN is of

DISCUSSION
Ultrasound-histopathological tumor regression parameter,
“T-downstaging” represents a simple marker of rectal
cancer radiosensitivity both in patients submitted to shortterm preoperative radiotherapy [11,18,19,44,45] as well as in
patients with surgery delayed by 1 to 8 wk following irra
diation[17,20,21,23,25-28,34-36,39,46-49]. Reports have been published
showing the prognostic value of “T-downstaging”
for overall survival [17,28,34] , cancer-specific survival [48] ,
recurrence-free survival[48] , disease-free survival[25,28], local
recurrence risk[26,34,48], and the risk of distant metastases[48].
Read et al [50] showed that the local staging following
neo-adjuvant therapy enables the risk assessment of
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no prognostic significance [17,49]. Some authors studied
“N-downstaging” parameter[17,20,22-26,36,47] and showed its
prognostic value[17]. The percentage of patients submitted
to radiochemotherapy or radiotherapy with long time
intervals between neo-adjuvant treatment and surgery, in
which “N-downstaging” was noted, ranged from 13/26
(50.0%) to 38/42 (90.4%)[17,20,22-26,36,47]. Tumor size decrease,
‘sterilization’ and lymph node atrophy are the classic
effects of radiotherapy[20,44,45]. Graf et al[53] showed that
short-term preoperative radiotherapy results in decreased
risk of lymph node involvement.
TRG 1 indicates that no cancer cells have been
identified in the rectal wall [18,19,21,29]. Some researchers
r e f e r T RG 1 t o p a t i e n t s w i t h n o c a n c e r c e l l s i n
t h e e n t i r e p o s t - s u r g i c a l s p e c i m e n [37]. T h e t e r m pathological complete response (pCR) of rectal cancer
to preoperative radiotherapy regards the situation in
which histopathological examination does not show
the neoplasm in the rectal wall, lymph nodes and
mesorectum [25,26,35-38,46,48-50,57-61] . This is in accordance
with the definition developed by the WHO initiative[62].
A stage of pCR is sometimes identified with ypT0N0 the situation in which there is no evidence of neoplastic
tissue in the rectal wall and in the lymph nodes[17,23]. Cases
with only a few residual cells or small clusters of cells
detected in histopathological examination of surgical
specimens are by some authors classified as pCR[63]. In
the presented study, the authors have assumed that the
term pCR represents the situation in which no cancer
cells were found in the surgical specimen. There is no
absolute concordance between pCR and clinical complete
response (assessed by per rectum digital examination and
in proctoscopy): pCR may regard barely 25.0% of patients
submitted to long-term preoperative chemoradiotherapy
with clinical complete response[61]. A complete response to
radiotherapy in comparison with the presence of residual
cancer tissue is associated with better overall survival
rate[46], longer disease-free survival[25], and lower risk of
local recurrence [46]. However, some authors claim that
complete regression is of no prognostic significance[37].
Guillem et al[59] did not show any differences in long-term
prognosis among patients with complete cancer regression
in comparison with almost complete response (≥ 95.0%
regression) to neo-adjuvant therapy.
Demonstrating a complete remission is important
not only because of its prognostic value but also
because of the need of assessment of indications for
the postoperative chemotherapy or radiotherapy, for the
decision about the appropriate method of surgery[20,37,45,46,
49,57,58,63,64]
or to compare the effects of different treatment
methods [45]. Zmora et al [58] showed that metastases to
regional lymph nodes and cancer cells in the mesorectal
tissue may be present in patients with complete tumor
regression within the rectal wall (TRG 1, ypT0) [58] .
However, neo-adjuvant therapy makes it possible to
reduce the percentage of patients submitted to abdominoperineal resection and, in some cases, to perform local
tumor excision[15,25,41,49,64-67]. Randomized study conducted
by Polish researchers on a group of 316 patients treated
with long-ter m radiochemotherapy or shor t-ter m

519

preoperative radiotherapy did not show differences in
terms of sphincter preservation rate (58% vs 61%, P =
0.57)[67]. Appropriate selection of the study patients treated
with local excision is a very important issue[41,64-66,68]. The
local tumor stage seems to be a reliable predictor of lymph
node regression in these patients [41,64]. The assessment
of eventual residual cancer, local stage (ypT), surgical
clearance in the resection margins in patients submitted
to local resection may reveal the necessity of immediate
radical resection (performed within 30 d after the primary
surgery)[65,66,68]. Also, intraoperative frozen section may
prove useful for the assessment of tumor stage and
margins’ status. In cases in which a more advanced stage
(pT2 or pT3) is likely to be found at the time of surgery or
where the surgical clearance could be doubtful, the patient
should be prepared for the possibility of wide excision at
the same operation[66].
Another interesting issue is the assessment of cancer
regression following neo-adjuvant therapy with use of
TRG classification on intraoperational microscopic
examination. In particular, this regards patients with an
evident but incomplete regression. One could expect
that the lacking concordance between local tumor
stage ypT and TRG in post-operative histopathological
examination, as mentioned above, apply also to intraoperation evaluation[20,35,39]. Considering the fact, that local
excision following neo-adjuvant treatment is a therapeutic
option for carefully selected patients, it could be eventually
considered in patients with an evident but incomplete
tumor regression. These patients are characterized by a
low risk of local recurrence[18,22]. In the present study we
have observed 1 case of coincidence of ypT3 and TRG 2.
In the absence of reliable alternative methods, microscopic
examination plays an important role in the evaluation
of cancer regression following neo-adjuvant treatment.
Digital rectal examination, computerized tomography,
transrectal ultrasound examination and magnetic
resonance are of limited value in terms of assessment
of residual cancer following long-term pre-operative
radio- and radiochemotherapy, especially to demonstrate
pCR[61,69]. However, Gavioli et al[70] believe that TRUS is
a very useful tool, when the same experienced operator
performs it before and after neo-adjuvant treatment since
it leads to demonstrate tumor regression in a qualitative
and quantitative way. Moreover, they proposed that TRUS
performed 6-8 wk following irradiation makes it possible
to visualize fibrous changes only, which does not, however,
disqualify this diagnostic method. The extent of fibrosis
indicates the possible depth of residual cancer infiltrationcancer cells are believed to be present within fibrous areas
only[70]. The use of magnetic resonance volumetry may also
be useful in quantitative assessment of cancer regression
following neo-adjuvant treatment[71]. The difficulties in
achieving high level of reliability of visualizing diagnostic
methods result from similar signal intensity (echogenity)
between residual cancer, fibrous tissue, mucus pools
and peritumoral inflammatory infiltration[71]. The use of
18-fluorodeoxyglucose positron emission tomography
may prove effective in assessment of tumor response to
neo-adjuvant therapy[33]. Full thickness local excision still
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remains an experimental treatment method[64].
The significance of pCR following radiotherapy has not
been ultimately confirmed. It is possible that better longterm survival in patients with pCR results from different
biological properties of the tumor. Also, interesting
reports have been presented, showing that patients
submitted to neo-adjuvant chemotherapy and receiving
statins showed higher a pCR rate [72] . The percentage
of patients with complete regression following longterm radiochemotherapy and radiotherapy ranged from
1/43 (2.3%) to 7/20 (35.0%)[5,17,20-21,23-27,35-37,47-52,57-61,67,73].
The percentage of patients presenting complete cancer
regression following short-term radiotherapy ranges
between 0% and 10/191 (5.2%)[10,11,18,19,50]. In the present
study we have observed 1 case (2.5%) with complete
tumor regression.
The period between the termination of neo-adjuvant
therapy and surgery in long-term radiochemotherapy
and radiotherapy schemes is a few days and a few weeks,
respectively. One may assume that short-term radiotherapy
will result in relatively lesser tumor regression[10,23,63]. The
results obtained in large study groups indicate that the
short-term radiotherapy results not only in a decrease of
the tumor diameter[44,45,53], but also in decreased number of
affected lymph nodes[53]. A decrease in tumor diameter is
not, however, equivalent with the decrease in local extent
of tumor. Some authors believe that the period shorter
than 10 d is insufficient to achieve tumor regression
following radiotherapy with a dose of 25 Gy [45] . The
proposition of the role of the time period between neoadjuvant treatment and the percentage of pCR has its
supporters[26,63] and opponents[24,73]. It was, however, shown
that the period of a few days between the termination of
neo-adjuvant therapy and surgery is sufficient enough for
the development of morphological changes within the
tumor and in its gene expression profile[44,74].
It was demonstrated that there is a relationship
between TRG and overall survival, disease-free survival,
and the risk of local tumor recurrence[18,22]. Other authors
suggest that TRG estimation does not enable long-term
prognosis in patients with rectal cancer[37]. There are some
doubts regarding the reliability of this classification due
to its subjective nature[20]. Interobserver variability of the
TRG system was found to be satisfactory (kappa 0.64) or
mediocre (kappa 0.44). It is higher when a 5-point system
is simplified to 3-point[21,38]. For the reliability assessment
it is important that significant fibrosis may accompany
neoplastic tissue even when no neo-adjuvant therapy had
been administered[38]. In the presented study, we have not
shown unequivocal correlation between “T-downstaging”
and TRG. We have found a correlation of TRG and
ypT parameters. The reliability of TRG as a lymph
node predictor is not unequivocal. Veccio et al[22] showed
that lymph node involvement is not observed in 41/45
(91.0%) patients submitted to long-term preoperative
chemoradiotherapy at TRG 1-2 stage. Kim et al [41]
showed that histopathological assessment of tumor
response to preoperative long-term radiochemotherapy
(performed with use of the method described by Dworak
et al [32], similar to the TRG system) is, along with ypT,
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an independent predictor of lymph node involvement.
In the present study, ypN0 stage was observed in all
patients with TRG 1-2. We have not found any definite
relationship between “T-downstaging” and the NG stage.
The results indicate the correlation between TRG and NG.
However, these classifications are based on the evaluation
of different morphological parameters. Rectal Cancer
Regression Grade (RCRG) classification proposed by
Wheeler et al[20,39] is next to the TRG system and Dworak
et al[32] classification, one of the most widely used in studies
documenting rectal cancer regression following neoadjuvant therapy. It defines 3 degrees of tumor regression:
1, no cancer nests or microscopic collections of cancer
cells embedded in fibrous stroma; 2, residual neoplasm
seen grossly but with evident fibrosis; 3, carcinoma seen
grossly with discreet or absent fibrosis. According to some
researchers, such distinguishing of neoplastic tissue and
fibrosis is not reliable[38,58]. Due to these reservations and
the retrospective nature of the study, this grading system
had not been taken into consideration in the present
study.
At present, there is no uniform, widely accepted
histopathological classification used for the evaluation
of rectal cancer regression following preoperative
radiotherapy. As far as the need for evaluation of residual
cancer raises no objections, its interpretation and clinical
consequences of radiation-induced changes in the rectal
wall and within the tumor are not clear[5,27,44,74]. It is also
unclear to what extent the presence of necrosis one may
assign to its radiotherapeutic effect and to what extent
it is a result of ischemic changes due to local perfusion
disturbance. Fibrosis that accompanies neoplastic tumor
may reflect both natural protective body mechanisms as
well as being a result of chronic inflammation[7]. Mucin
pools in tissues previously occupied by neoplastic tissue
are qualitatively different from changes described as colitis
cystica profunda, which may develop within the normal
intestinal wall following radiotherapy[20]. The presence
of mucin pools (induced mucinous carcinoma, colloid
response) should be taken into account in the differential
diagnosis of mucus-secreting adenocarcinoma[28,74]. The
prognostic value of other morphological changes observed
within the residual neoplastic tissue (the intensity and
the nature of inflammatory infiltrations accompanying
fibrous tissue and cancer cell clusters, cancer cell nuclear
pleomorphism and hyperchromasia, mucinous cancer
component, low tumor histological grade) and in the
intestinal wall (surface ulceration, dysplastic changes, lowgrade adenoma component) has not been unequivocally
established [27,44,74]. Figures 1-6 show examples of neoadjuvant therapy induced changes.
The retrospective nature of the presented study and
the relatively small group of study patients impose careful
interpretation of the presented results. Few reports on
“T-downgrading”, TRG and NG in patients submitted
to short-term radiotherapy according to the regimen
presented make the presented results suitable for further
prospective studies on a larger population.
In conclusion, histopathological classifications based on
the assessment of regressive changes may be useful in the
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Figure 1 Acellular mucin pools in the intestinal wall (HE x 200).

Figure 4 Degenerated adenocarcinoma cells following radiotherapy (HE x 125).

Figure 2 Complete tumor regression following radiotherapy. Inflammatory
infiltrations, mucin pool and focal fibrosis in the stroma (HE x 64).

Figure 5 Dispersed degenerated adenocarcinoma cells following radiotherapy
(HE x 125).

Figure 3 Degeneration and necrosis of tumor cells following radiotherapy
(HE x 250).

Figure 6 Macrophages and multinucleated (giant) cells close to necrotic tumor
areas (HE x 200).

monitoring of effects of hyperfractionated preoperative
radiotherapy in patients with rectal cancer at the initial
stage of cT3NxM0. There is no unequivocal relationship
between “T-dowstaging” and the tumor regression assessed
with TRG and Nasierowska-Guttmejer classification. Poor
tumor regression was seen more frequently in patients
with no evident “T-downstaging”. No relationships have
been found between “T-downstaging” and lymph node
involvement, tumor histological grade or tumor diameter.
There is a clear but limited concordance in the assessment
of regressive changes with ypT and TRG or NG. TRG

and NG classifications are probably of limited predictive
value in terms of lymph node involvement. There is a
non-coincidental relationship between the assessment of
radiation-induced regressive changes with use of TRG and
NG classifications.
It is possible that immunohistochemical evaluation
or molecular biology techniques applied to pre-operative
biopsy samples may prove to be of predictive value
in the future [21,34,52,75]. Undoubtedly, histopathological
evaluation of the neoplastic tissue regression following
preoperative radiotherapy is very important and necessary,
www.wjgnet.com
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since ultrasound examination here is of limited reliability.
Histopathological evaluation of rectal cancer regression
may also prove to be useful for the evaluation of the
effectiveness of future radio- and radio-chemotherapeutic
treatment methods. It might also enable to isolate the
population of rectal cancer patients in whom the adjuvant
treatment would be especially justified.
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Abstract
AIM: To assess the performance of several noninvasive markers and of our recently proposed stepwise
combination algorithms to diagnose significant fibrosis
(F ≥ 2 by METAVIR) and cirrhosis (F4 by METAVIR) in
chronic hepatitis B (CHB).
METHODS: One hundred and ten consecutive patients (80
males, 30 females, mean age: 42.6 ± 11.3) with CHB
undergoing diagnostic liver biopsy were included. ASTto-Platelet ratio (APRI), Forns’ index, AST-to-ALT Ratio,
Goteborg University Cirrhosis Index (GUCI), Hui’s model
and Fibrotest were measured on the day of liver biopsy.
The performance of these methods and of sequential
algorithms combining Fibrotest, APRI and biopsy was
defined by positive (PPV) and negative (NPV) predictive
values, accuracy and area under the curve (AUC).
RESULTS: PPV for significant fibrosis was excellent
(100%) with Forns and high (> 92%) with APRI, GUCI,
Fibrotest and Hui. However, significant fibrosis could
not be excluded by any marker (NPV < 65%). Fibrotest had the best PPV and NPV for cirrhosis (87% and
90%, respectively). Fibrotest showed the best AUC for
both significant fibrosis and cirrhosis (0.85 and 0.76,
respectively). Stepwise combination algorithms of APRI,
Fibrotest and biopsy showed excellent performance (0.96
AUC, 100% NPV) for significant fibrosis and 0.95 AUC,
98% NPV for cirrhosis, with 50%-80% reduced need for
liver biopsy.
CONCLUSION: In CHB sequential combination of APRI,
Fibrotest and liver biopsy greatly improves the diagnostic
performance of the single non-invasive markers. Need
for liver biopsy is reduced by 50%-80% but cannot be
completely avoided. Non-invasive markers and biopsy
should be considered as agonists and not antagonists
towards the common goal of estimating liver fibrosis.

INTRODUCTION
Chronic hepatitis B (CHB) remains a serious global
health concern. Approximately 350 million people are
chronically infected, and 500 000 to 1.2 million deaths per
year are attributed to HBV-associated complications[1].
Among patients with active viral replication, cirrhosis
will develop in 15 to 20 percent within five years[2]. For
patients with cirrhosis, acute exacerbation can occur and
the disease may progress to end stage complications [2].
The histopathological pathway of progressive liver disease
is characterised by the formation and accumulation of
fibrosis, leading to increasing distortion of the hepatic
architecture, that is the hallmark of evolution to cirrhosis.
Liver fibrosis is the result of chronic injury and plays a direct
role in the pathogenesis of hepatocellular dysfunction and
portal hypertension. Current guidelines recommend that
patients with HBV-DNA > 105 copies/mL and persistent
or intermittent elevation in aminotrasferase levels should
be evaluated further with liver biopsy, that is the gold
standard for the assessment of fibrosis[3]. This procedure
provides information on the severity of necroinflammatory
activity and on the stage of fibrosis, features which
are essential for estimating prognosis and the need for
antiviral therapy[2,4,5]. However, biopsy is a costly procedure
associated with side effects and some risks [6-8]. It also
has limitations in underestimating liver fibrosis with
small samples and is prone to intra- and inter-observer
variation [9-12]. Moreover, several studies suggested that
liver biopsy is far away from being a perfect gold standard
since its performance is size-dependent [9,13-14] . Some
studies would suggest that an adequate liver biopsy sample
should contain more than 5 portal tracts and be at least
15 mm in length[11,15,16]. In a critical review of the literature
concerning the use of liver biopsy in chronic viral hepatitis,
www.wjgnet.com
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Guido and Rugge suggest that in an era of evidencebased medicine the use and interpretation of liver biopsy
is very often flawed by unacceptable methodological limits
and that a biopsy sample of 20 mm or more containing
at least 11 complete portal tracts should be considered
reliable for adequate grading and staging [14] . Other
authors have recommended even bigger samples[17]. The
pathologist need for obtaining a liver sample of adequate
size is in contrast with the patient's need of a procedure
causing limited pain and with the clinician's need of a
safe procedure. A French survey which interviewed 1177
general practitioners concluded that liver biopsy may be
refused by up to 59% of patients with chronic hepatitis
C and that 22% of the physicians share the same concern
regarding this invasive procedure[18]. In this regard, a recent
survey assessing the consensus among Italian hepatologists
on when and how to take a liver biopsy in chronic hepatitis
C showed great divergence in the management of the same
subgroup of patients[19]. Considering these limitations and
patient reluctance to undergo liver biopsy, a great interest
and many studies have been recently dedicated to the
development of non-invasive markers as surrogates of
liver biopsy. Most of the studies on non-invasive markers
of liver fibrosis have been conducted in chronic hepatitis
C and few data are available on the applicability of this
approach to patients with CHB. Several markers have been
described with variable diagnostic accuracy in hepatitis C,
but the expected rate of misdiagnosis for each single test is
still around 20%[11,20]. To overcome this limitation, recently
we have developed and validated sequential algorithms
that combine non-invasive markers with liver biopsy[21].
This approach allowed us to reach excellent diagnostic
accuracy (> 95%) for both significant fibrosis and cirrhosis
in patients with chronic hepatitis C with around 50%-70%
reduced need of taking a liver biopsy. We have now
assessed the performance of several non-invasive markers
and of our stepwise algorithms in patients with CHB.

MATERIALS AND METHODS
Patients
This study included 110 consecutive patients with a
diagnosis of chronic HBV infection, as defined by positive
hepatitis B surface (HBsAg) for at least 6 mo, who
underwent a diagnostic percutaneous liver biopsy at the
Department of Clinical and Experimental Medicine at
the University of Padova between March 2003 and June
2005. All patients were positive for serum HBV-DNA by
polymerase chain reaction (PCR) and had compensated
chronic HBV infection. The exclusion criteria were any
other cause of chronic liver disease, and clinical signs of
liver cirrhosis, co-infection with HCV or HIV and comorbidities that could confound the results of the noninvasive markers adopted, clinical signs of liver cirrhosis.
These included current alcohol intake (> 20 g/die),
haemolysis, Gilbert’s syndrome, and hematologic causes
of thrombocytopenia. All biopsies were obtained with the
16G Menghini type needle. To limit the risk of fibrosis
underestimation, patients with biopsy samples shorter
than 1.5 cm or containing less than 7 portal tracts were
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excluded[11,15,16,22]. Informed consent was obtained from
all patients participating in the study that was conducted
according to the rules of the Declaration of Helsinki.
Virologic assays
HBsAg, hepatitis Be antigen (HBeAg), and antibodies
to HBeAg and HDV were determined using commercial
assays (Roche Diagnostics, Basel, Switzerland). HBV DNA
level was measured by real-time PCR and expressed as
log10 copies/mL.
Histological assessment
Liver biopsies were fixed in formalin and embedded
in paraffin. The slides were stained with hematoxylineosin, van Gieson stain for collagen, PAS after diastase
digestion and Perls’ Prussian blue method. The slides were
evaluated by a single Pathologist (MG) who was unaware
of the clinical data. Fibrosis was scored according to the
METAVIR system, which was previously applied in other
reports on CHB [23-25]. Fibrosis was staged from F0 to
F4: F0, no fibrosis; F1, portal fibrosis without septa; F2,
portal fibrosis with few septa; F3, numerous septa without
cirrhosis; and F4, cirrhosis. Significant fibrosis was defined
as a METAVIR score of F2 or more (F ≥ 2), cirrhosis was
defined as a METAVIR score of F4.
Non-invasive markers of liver fibrosis
All patients were evaluated for AST-to-Platelet Ratio Index
(APRI), Forns’ index, AST-to-ALT ratio (AAR), Hui’s
model, Goteborg University Cirrhosis Index (GUCI),
Fibrotest. The rationale for the choice of the non-invasive
markers was their simplicity together with a reported
good performance for APRI, Forns’ index, AAR and
GUCI, and the high number of validation studies reported
together with a good performance for Fibrotest[26-30]. Hui’s
model, based on a combination of body mass index,
total bilirubin, platelets and albumin, was chosen since
it is the only non-invasive marker developed in patients
with hepatitis B[31]. The markers were all calculated using
fasting serum samples obtained on the same day of
liver biopsy. For this purpose platelet count, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamiltranspeptidase (γGT), cholesterol levels,
haptoglobin, apolipoprotein A1, alpha-2-macroglobulin,
total bilirubin, prothrombin time (international normalised
ratio, INR), albumin were routinely determined using
validated methods. Fibrotest results were kindly provided
by T. Poynard, Universite Paris VI, Paris, France. For all
the non invasive methods the cut-off values indicated in
the original reports were applied[26-31].
Stepwise combination algorithms for liver fibrosis
The algorithms recently developed by us for patient with
chronic hepatitis C were applied to this cohort of hepatitis
B patients. The diagnostic algorithms were developed by
modelling the best algorithm for liver fibrosis in different
clinical scenarios, as described in a previous study [21].
Algorithm A (for significant fibrosis, F ≥ 2 by METAVIR)
and algorithm B (for cirrhosis, F4 by METAVIR) are
described in Figure 1A and B.

Sebastiani G et al. Sequential algorithms for liver fibrosis evaluation in hepatitis B

A

Compensated chronic
hepatitis B

Table 1 Demographic, laboratory and histological characteristics
of the 110 patients with chronic hepatitis B
Males n (%)

APRI
n.c.

F0-1

F≥2

Fibrotest
F0-1

F≥2

Biopsy

Significant
fibrosis (F ≥ 2)

F0-F1

B

527

Compensated chronic
hepatitis B

80 (72.7)

Age (mean yr ± SD)
BMI (kg/m2)
AST (mean IU/L ± SD)
AST / ULN ratio (mean ± SD)
ALT (mean IU/L ± SD)
ALT / ULN ratio (mean ± SD)
gGT (mean IU/L ± SD)

42.6 ± 11.3
24.2 ± 3.3
73.4 ± 61.2
1.75 ± 1.47
144.5 ± 148.0
3.14 ± 3.3
46.4 ± 49.1

gGT / ULN ratio (mean ± SD)
Bilirubin (mean mmol/L ± SD)

0.81 ± 0.84

PLT (mean 109/L ± SD)
Albumin (mean g/L ± SD)
Cholesterol (mean mg/dL ± SD)
INR (mean value ± SD)
Haptoglobin (mean g/L ± SD)
a2M (mean g/L ± SD)
ApoA1 (mean g/L ± SD)
Viral load (mean log10 cp/mL ± SD)
HBeAg positive cases (%)
HDV co-infected cases (%)

13.9 ± 6.48
194.6 ± 56.9
42.7 ± 5
177.5 ± 32.9
1.12 ± 0.1
1.05 ± 0.6
2.67 ± 0.84
1.48 ± 6.48
2.15 ± 1.18
20 (18.2)
8 (7.3)

Staging n (%)
F0
F1
F2
F3
F4

APRI
n.c. and F ≥ 2

F0-F1

F4

Fibrotest
F0-1

F2-3

F4

Biopsy

No cirrhosis

15 (13.6)
20 (18.2)
40 (36.4)
13 (11.8)
22 (20.0)

SD: standard deviation; ULN: upper limits of normal;PLT: platelets; INR:
international normalised ratio; a 2 M: alpha-2-macroglobulin; ApoA1:
apolipoprotein A1.

RESULTS
Cirrhosis (F4)

Figure 1 A: Algorithm A for detection of significant fibrosis (F ≥ 2 by METAVIR)
in HBV patients. F0-1 by APRI is intended as APRI < 0.5. F ≥ 2 by APRI is
intended as APRI > 1.5. n.c. by APRI is intended as APRI > 0.5 and < 1.5; B:
Algorithm B for detection of cirrhosis (F4 by METAVIR) in HBV patients. F0-1 by
APRI is intended as APRI < 0.5. F ≥ 2 by APRI is intended as APRI > 1.5. F4 by
APRI is intended as APRI ≥ 2. n.c. by APRI is intended as APRI > 0.5 and < 1.5.

Statistical analysis
The primary endpoints were the detection of significant
fibrosis (F ≥ 2) and cirrhosis (F4). These thresholds were
selected since the first is generally considered an indication
for antiviral therapy and the second requires a specific
management and follow-up. Descriptive results were
expressed as mean ± standard deviation (SD) or number
(percentage) of patients with a condition. Kappa statistics
was used to measure intra-obser ver variation in the
histopathological evaluation of the degree of fibrosis. The
performance of the non-invasive methods for liver fibrosis
was measured as sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), accuracy, and
likelihood ratios (LR). Sensitivity, specificity, PPV, NPV
and accuracy were expressed as percentage. The diagnostic
value of the non-invasive methods was expressed using
the Area Under the receiver operating characteristic Curve
(AUC) and its corresponding 95% confidence intervals
(CI).

Demographic, laboratory and histological features of the
110 patients with CHB are described in Table 1. Mean
age was 42.6 ± 11.3 years and 80 patients (72.7%) were
males. Twenty cases (18.2%) were HBeAg positive and 8
cases (7.3%) were co-infected with HDV. Prevalence of
significant fibrosis (F ≥ 2) and cirrhosis was 68.2% and
20%, respectively. The mean length of liver specimens was
1.69 ± 0.29 cm and mean complete portal tracts number
was 9.9 ± 3.6. Intra-observer agreement was assessed by
re-evaluating a subset of 50 randomly chosen samples: k
value was higher than 0.90.
Performance of non-invasive methods for the diagnosis of
significant fibrosis (F ≥ 2)
Seventy-five patients (68.2%) had significant fibrosis
as defined by METAVIR fibrosis stage F ≥ 2. The
performance of the non-invasive markers in diagnosing
significant fibrosis is shown in Table 2. AAR was not
included here since it identifies cirrhosis but does not
discriminate significant fibrosis. Fibrotest, GUCI and Hui’
s model classified all cases while both APRI and Forns’
index were unable to classify one third of the patients. All
the methods showed high PPV (> 90%) for significant
fibrosis. Forns’ index had an excellent 100% PPV with a 6.9
cut-off but its diagnostic value was quite low, at 0.63 AUC
(95% CI: 0.50-0.76). The NPV was quite low for all the
non-invasive markers (always < 65%), so that significant
fibrosis could not be reliably excluded by any of these
markers. Fibrotest, APRI and GUCI showed good overall
www.wjgnet.com
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Table 2 Performance of the non-invasive methods and of the algorithm A in detecting significant fibrosis (≥ F2 by METAVIR) in
patients with CHB
Fibrotest
Classified cases (%)
Cut-off
Sensitivity (%)
Specificity (%)
PPV (%)
NPV (%)
LR +
LR Accuracy (%)
AUC (95% CI)

100
F2
80.8
90
95.5
64.3
8.1
0.21
83.3
0.85 (0.75-0.95)

Forns

APRI

63.3
4.2
58.3
78.3
90.6
53.5
2.69
0.53
64.8

GUCI

66.2
6.9
14.6
100
100
35.9
0.146
0.85
42.3

0.63 (0.50-0.76)

0.5
70.8
87
94.1
62.2
5.45
0.36
76.1

1.5
27.1
95.7
97.9
39.7
6.3
0.76
49.3

0.72 (0.58-0.86)

100
0.2
66.7
95.7
97.9
58.9
15.5
0.35
76.1
0.81 (0.70-0.92)

Hui’s model
100
0.15
50
90.9
96.3
45.8
5.49
0.55
62.2
0.71 (0.56-0.86)

Algorithm A
100
na
100
91.3
96
100
11.49
0
97.2
0.96 (0.92-1)

APRI: aspartate aminotransferase to platelets ratio; GUCI: Goteborg University Cirrhosis Index; na: not available; PPV: positive predictive value; NPV: negative
predictive value; LR+: positive likelihood ratio; LR-: negative likelihood ratio; AUC: area under the curve; CI: confidence interval.

Table 3 Performance of the non-invasive methods and of the algorithm B in detecting
cirrhosis (F4 by METAVIR) in patients with CHB

Classified cases (%)
Cut-off
Sensitivity (%)
Specificity (%)
PPV (%)
NPV (%)
LR +
LR Accuracy (%)
AUC (95% CI)

Fibrotest

APRI

100
F4
55.6
96.3
90
87.1
15
0.46
86.1
0.76 (0.67-0.85)

66.2
2
42.9
85.4
53.8
91.1
2.94
0.67
79.2
0.64 (0.53-0.75)

AAR

accuracy (83.3%, 76.1% and 76.1% respectively). Among
the non-invasive methods, Fibrotest showed the best
diagnostic value as indicated by an AUC of 0.85 (95% CI:
0.75-0.95).
Performance of non-invasive methods for the diagnosis of
cirrhosis (F4)
Twenty-two patients (20%) had cirrhosis as defined by
METAVIR fibrosis stage F4. The performance of the
non-invasive markers in diagnosing cirrhosis is shown in
Table 3. Forns’ index and Hui’s model were not considered
here since they do not discriminate between significant
fibrosis and cirrhosis. Fibrotest had the best PPV (90%)
and very good accuracy (86.1%). The overall diagnostic
value of Fibrotest was quite good, with 0.76 AUC (95%
CI: 0.67-0.85). APRI showed good NPV and accuracy but
the diagnostic value, described by AUC, was rather low
(0.64; 95% CI: 0.53-0.75). The other markers showed an
even lower diagnostic value, with AUCs around 0.5.
Performance of stepwise algorithms for the diagnosis of
significant fibrosis and cirrhosis
The performance of stepwise algorithms for the detection
of significant fibrosis (algorithm A) and cirrhosis (algorithm
B) is reported in Tables 2 and 3, respectively. Table 4
describes in details the number of tests and of liver
biopsies needed when the two algorithms were applied to
our cohort of patients with CHB. The stepwise algorithm
www.wjgnet.com

GUCI

100
100
1
1
7.1
21.4
94.7
91.2
82.4
73.7
81.4
83.8
1.34
2.43
0.98
0.86
77.5
77.5
0.51 (0.39-0.62) 0.56 (0.47-0.65)

Algorithm B
100
na
92.9
96.5
87.5
98.3
26.5
0.07
95.8
0.95 (0.90-1)

for significant fibrosis (algorithm A) excluded the presence
of F ≥ 2 by METAVIR with excellent 100% NPV. It
also showed a very high accuracy, with excellent 97.2%,
and it presented with an excellent diagnostic value, with
0.96 AUC (95% CI: 0.92-1). This algorithm permitted
avoidance of liver biopsy in about half of the cases (Table
4). Algorithm B showed excellent 95.8% accuracy and 0.95
AUC (95% CI: 0.90-1) in the identification of cirrhosis.
Furthermore, this algorithm reduced by more than 80%
the need for liver biopsy (Table 4).

DISCUSSION
Several non-invasive markers of liver fibrosis have been
recently described, mainly in patients with hepatitis C, but
their implementation in clinical practice as a substitute
for invasive liver biopsy has been delayed by lack of
adequate accuracy in assessing individual patients. Indeed,
according to the most recent International Guidelines and
Recommendations, inter-laboratory variability, lack of
reproducibility and, most important, an expected rate of
misdiagnosis of at least 20% do not yet allow the use of
these methods in clinical practice[11,32]. Since the diagnostic
performance of described non-invasive markers is variable
depending on the stage of fibrosis and other patient
characteristics, they can be used to reduce rather than
completely substitute the need for liver biopsy. Recently we
have described stepwise combination algorithms based on
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the use of two non-invasive markers (APRI and Fibrotest)
and liver biopsy[16]. When applied to patients with chronic
hepatitis C these algorithms were proven to correctly
identify significant fibrosis and cirrhosis with high (>
95%) accuracy and 50%-70% reduction in liver biopsy.
Very few studies have investigated the role of non-invasive
markers of liver fibrosis in hepatitis B. Indeed, significant
differences exist between CHB and chronic HCV infection
in natural history, laboratory parameters, liver histology
and associated comorbidities. For example, elevated ALT
reflects accurately the necroinflammatory activity of CHB
and is used as one of the criteria for antiviral therapy while
the same could not be applied to hepatitis C[3]. Steatosis
is an important feature of chronic HCV infection while
its role in CHB is unclear[33]. The association of diabetes
mellitus with chronic hepatitis C has not been found in
CHB[34]. Since CHB has specific pathogenetic mechanisms
and is associated strongly with liver disease, the results of
the studies on hepatitis C cannot be directly transferred
to hepatitis B and a dedicated validation of the markers
should be provided. The latest AASLD guidelines on
management of chronic hepatitis B recommend that
patients with HBV-DNA > 105 copies/ml and persistent
or intermittent elevation in transaminase levels should
be evaluated further with liver biopsy[3]. Moreover, prior
to consider of antiviral treatment, liver biopsy is still
recommended. Assessment of the stage of liver disease is
indeed fundamental for treatment decision in any patient
presenting with compensated chronic HBV infection.
The available evidences suggest that non-invasive markers
of liver fibrosis in hepatitis B present with a similar
accuracy to hepatitis C. Lebensztejn et al[35] assessed the
value of some non-invasive markers of liver fibrosis in
few children with chronic hepatitis B and found that a
combination of hyaluronan and laminin had 0.84 AUC.
Hui and colleagues developed a predictive model based on
body mass index and three routine laboratory tests, which
showed 0.79 AUC[31]. Two recent reports applied Fibrotest
in CHB showing 0.77 and 0.78 AUC for detection of
significant fibrosis and cirrhosis, respectively [24,25]. Our
results, based on an independent application of Fibrotest
to CHB patients, showed an accuracy that is similar to
that reported by Poynard’s group. A very recent study by
Zeng et al[36] proposed a non-invasive combination model
based on alpha-2-macroglobulin, hyaluronan, age and
γGT and it showed an AUC between 0.77 and 0.84. For
all these markers, the expected rate of misdiagnosis was
around 20%, thus similar to that reported for hepatitis C
which is considered not satisfactory by many clinicians.
Very recently the use of “proteome” technology has been
introduced in studying liver fibrosis. In 46 patients with
chronic hepatitis B, 30 features predictive of significant
fibrosis and cirrhosis were identified. The AUC for this
analysis was very promising, being 0.906 and 0.921 for
advanced fibrosis and cirrhosis, respectively[37]. However,
this is a quite complicated method that might not be
available for large scale testing. Moreover, the excellent
performance reported in that preliminary study should be
confirmed by others. In our study we found that Fibrotest
had the best performance when compared to other noninvasive methods. However, none of the investigated
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Table 4 Features of clinical interest of stepwise algorithms in
chronic hepatitis B

Saved biopsies (%)
APRI performed (%)
Fibrotest performed (%)
Under-diagnosed and unclassified (%)
Over-diagnosed (%)

Algorithm A

Algorithm B

48
100
34
0
3

81
100
52
0
3

Algorithm A: algorithm for significant fibrosis (F ≥ 2 by METAVIR);
Algorithm B: algorithm for cirrhosis (F4 by METAVIR); APRI: aspartate
aminotransferase to platelets ratio.

non-invasive markers of liver fibrosis had adequate
accuracy for universal use in substitution of liver biopsy,
the expected rate of misdiagnosis being 15%-35% for
significant fibrosis and 25%-45% for cirrhosis. On the
other hand, when APRI and Fibrotest were combined
with liver biopsy in sequential algorithms, we could reach
> 95% accuracy for detecting significant fibrosis or
cirrhosis, with a 50%-80% reduced need for liver biopsy, as
already described previously in patients with compensated
chronic hepatitis C. With this approach, the number of
liver biopsies needed decreased especially for the patients
at higher risk of cirrhosis and this appears particularly
important since the risk of liver biopsy complications
is increased in cirrhotic cases. The overall cost of these
algorithms appears favourable compared to universal
use of liver biopsy. Indeed, for a cohort of one hundred
patients algorithm A requires 100 APRIs, 34 Fibrotests
and 52 biopsies while algorithm B requires 100 APRIs,
52 Fibrotests and 19 biopsies (Table 4). A cost-benefit
analysis indicates that in the US a liver biopsy costs 1032
USD, which increases to 2745 USD when a complication
occurs[8]. Fibrotest-Fibrosure is a commercialised method
with a cost of around 90 euros (Biopredictive, Houilles,
France). According to these values, algorithm A and
algorithm B would result in a 50% and 75% reduction in
cost compared to liver biopsy, respectively.
There are some limitations in our study. This was in fact
a retrospective study, with a quite limited number of cases.
Another limitation could be in the choice of the dimension
of biopsy sample. We have here included specimens of at
least 1.5 cm length and containing 7 portal tracts on the
basis of the recommendations of some authors[11,15,16,22].
However, several observations from the pathologists
would suggest even bigger samples for a correct staging
of liver fibrosis[13,14,17]. Finally, recent criticisms suggested
that liver biopsy is not a perfect gold standard for fibrosis
evaluation due to its large variability (sampling error
plus observer error). Indeed, Bedossa et al[13] indicated
that biopsy is an estimate of liver fibrosis which, when
compared with the whole liver, showed a coefficient
of variation greater than 40% with length greater than
15 mm with 80% accuracy.
In conclusion, this study suggests that in hepatitis
B currently available non-invasive tests do not show a
diagnostic performance that would be considered adequate
by many clinicians. However, their stepwise combined
use can be most useful to reduce the need for liver biopsy
www.wjgnet.com
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without loosing diagnostic accuracy. In this respect liver
biopsy and non-invasive markers should be considered as
agonists and not as antagonists towards the common goal
of correctly classifying the stage of liver fibrosis. Priority
should be given to large scale validation studies of these
algorithms in different patient populations inclusive of all
major etiologies of chronic liver disease and most frequent
cofactors, which may affect the diagnostic performance of
fibrosis markers.

COMMENTS
Background

Non-invasive markers of liver fibrosis have been recently proposed as substitutes
for liver biopsy but their reported accuracy was around 80%. They have been
mostly validated in hepatitis C while few studies have been conducted in hepatitis B.
We have recently shown that stepwise combination of non-invasive markers and
liver biopsy permitted to obtain excellent accuracy (> 95%) by saving 50%-70%
liver biopsies in hepatitis C. We applied our method to a cohort of patients with
chronic hepatitis B.

Research frontiers

Nowadays many clinicians show concerns about the role of liver biopsy in chronic
viral hepatitis due to side effects, intra- and inter-observer variation and costs.
Some non-invasive methods for liver fibrosis have been proposed but International
Guidelines still do not recommend a routine use of the markers due to lack of
reproducibility and an expected misdiagnosis rate of 20%. Thus, a trusted method
that avoides a number of liver biopsies by maintaining excellent accuracy is
urgently needed.

Innovations and breakthroughs

In this article we validated in hepatitis B a recently proposed method for the
detection of liver fibrosis and cirrhosis in hepatitis C. This is the first sequential
approach based on a first line assessment by non-invasive markers of liver fibrosis
followed by liver biopsy in unclassified cases or cases in which non-invasive
methods do not reach a satisfactory accuracy. The overall accuracy of this method
is > 95% and it saved 50%-80% liver biopsies. This is a rational and practical way
to apply non-invasive markers in hepatitis B and it introduces a new concept: noninvasive markers and liver biopsy are agonists and not antagonists towards the
common goal of classifying liver fibrosis.

Applications

The most accurate non-invasive markers should be used as a first line
assessment, limiting liver biopsy to the cases in whom they are unclassified or
show low predictive value. For the future, priority should be given to large scale
validation studies of these algorithms and the most promising non-invasive
markers in different patient populations inclusive of all major etiologies of chronic
liver disease and most frequent cofactors which may affect the diagnostic
performance of fibrosis markers.

Terminology

(1) Fibrotest: a commercial panel of serum markers combining γGT, alpha-2macroglobulin, haptoglobin, apolipoprotein A1, total bilirubin for the non invasive
assessment of liver fibrosis. It has been extensively validated in hepatitis C. The
overall accuracy of the panel is good but it combines also uncommon parameters.
Only two, not independent, validation studies on hepatitis B have been so far
conducted. (2) APRI: a simple test combining AST and platelet count group for
the non-invasive prediction of significant fibrosis and cirrhosis in hepatitis C. It is
a very simple and economic tool but it is somehow less accurate than fibrotest
and it presents with a significant percentage of unclassified cases. To our knowledge, this is the first validation of APRI in an independent series of HBV patients.
(3) Forns’ index: an index combining, age, platelet, γGT, cholesterol for the noninvasive prediction of significant fibrosis in hepatitis C. It is a quite simple index,
combining common parameters (except for cholesterol) but it showed a significant
number of unclassified cases. To our knowledge, this is the first application of
Forns’ index to a cohort of patients with CHB. (4) GUCI: a simple index combining
AST, platelets and INR. It showed good accuracy in hepatitis C for both significant
fibrosis and cirrhosis. It has never been applied to HBV cases. (5) Hui’s model: a
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panel combining albumin, BMI, total bilirubin and platelet count for the prediction of
significant fibrosis. It has been developed for hepatitis B patients and no validation
study has to date been conducted.

Peer review

Evaluate the applicability and prognostic value of a previously developed algorithm
that includes a combination of two different serum marker tests for the detection
of liver fibrosis to avoid liver biopsies in patients with chronic HBV infection. This
is an excellent paper that investigates the performance of non-invasive tests for
estimating liver fibrosis in patients with chronic hepatitis B. The study is timely and
provides useful information.
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INTRODUCTION
Abstract
AIM: To perform a long culture passage of H pylori
without serum, taking into account its cytotoxicity and
the presence of the probable new cytotoxic factor.
METHODS: One sample of H pylori 60190 (ATCC
49503) was grown on Brain Heart Infusion (BHI) agar
containing 0.5% 2,6-di-O-methyl-β-cyclodextrin without
any serum, being passaged 70-100 times every 3-4 d
for approximately 2 h, while another sample of H pylori
contained 70 mL/L fetal calf serum without 2,6-di-Omethyl-β-cyclodextrin. Their supernatant and extract
after 16 h in culture were evaluated for changes
in cell morphology and for cell viability using HeLa
cells. Furthermore, the characteristics of the probable
cytotoxic factor in the extract were examined on partial
purification studies and its cytotoxicity was evaluated in
various human cells.
RESULTS: The supernatant and the extract of the
bacterium grown on serum-free medium had strong
cytotoxicity compared with those grown on serumcontaining medium. They irreversibly damaged HeLa
cells without vacuolation that was altogether different
from that of the bacterium when grown with serum.
Their cytotoxicity was easily measured by cell viability
assay. The probable cytotoxic factor partially purified
and detected by chromatography had characteristics
difference from that of vacuolating toxin and a broad
cytotoxicity toward various cell lines.
CONCLUSION: Serum-free long culture method of

H pylori makes its supernatant and its extract cytotoxic

enough to be easily measured by cell viability assay. The
probable cytotoxic factor has a unique characteristic and
might be a new cytotoxin.
© 2007 The WJG Press. All rights reserved.
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Irreversible degeneration and cell death were induced in
gastric mucous epithelium infected with H pylori both in an
in vitro and an in vivo study, including electron microscopic
examination. These cells deteriorated without vacuolations,
and biopsy specimens containing the organism obtained
from gastric mucosa demonstrated a loss of microvilli and
irreversible cell damage[1-4]. Even after eradication therapy
of the bacterium, there were no significant differences in
the histological scores and atrophic scores in the inflammation of the gastric body and the atrophy of the antrum[5-9].
However, the only known cytotoxic factor of H pylori is
vacuolating toxin (Vac A), which causes vacuolations in assay cells 18-24 h after addition, but is a reversible and weak
cytotoxin [10,11]. The clinical findings that the bacterium
caused irreversible and severe destruction to the gastric
lineage appear incompatible with the in vitro observations
that H pylori produces only a reversible and comparatively
weak cytotoxin that induces vacuolations. Whether there is
any direct irreversible cytotoxic factor of H pylori remains
to be determined. Although, so far, none of the studied
factors met these requirements, there is some evidences
that indicated cytoskeletal cell death or round-formed cell
death differed from vacuolation-formed cell death[3,12,13].
To our best of knowledge, this is the first report about
the cytotoxicity of H pylori after a long duration of culture
without serum. We cultured H pylori 60 190, plating many
passages without serum for approximately two years,
considering that the cell growth environments should
be as near as possible to the actual intragastric ones.
Here, we showed serum-free long period culture made
the supernatant and the extract of H pylori dramatically
cytotoxic such that it induced irreversible decayed cell
death easily measurable with a cell viability assay. Cell death
induced by these samples showed a rapid development
of the cell death process and was rarely accompanied by
vacuolation. These observations might explain clinical
findings and develop into a new field of the bacterium’s
cytotoxicity.
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MATERIALS AND METHODS
Materials
The H pylori strain 60 190 was obtained from American
Type Culture Collection. Brain Heart Infusion (BHI)
was purchased from DIFCO Laboratories and 2,6-di-Omethyl-β-cyclodextrin was purchased from Wako Pure
Chemical Industries Ltd.
Culture conditions and preparation of bacterial extract
H pylori 60190 (ATCC49503) was the source for purification. Bacterial cells were grown on Brain Heart Infusion
(BHI) agar containing 5% fetal calf serum for 7-10 d, then
transferred to BHI broth containing 2,6-di-O-methyl-βcyclodextrin with gradual stepwise decreases, i.e., 5%, 2%,
1%, 0.5%, of the concentration for 2-4 d without serum
and maintaining stable growth conditions, being passaged 100-120 times every 3-4 d. Then bacterial cells were
scraped and cultured for 16 h at 37℃ in the liquid medium
of BHI containing 0.5% 2,6-di-O-methyl-β-cyclodextrin
without serum in an ambient atmosphere containing
50 mL/L CO2, while agitating with a rotary shaker. Bacterial cells were collected by centrifugation at 12 000 g for
20 min at 4℃ and suspended in 10 mmol/L Tris-HCl buffer (pH 7.7). The cells were washed once and sonicated at
54% effect for 30 s × 6 sets in Ultrasonic Disruptor (Tomy
Seiko Co., Ltd.) and stored at -80℃ overnight. Sonically
disrupted cells were thawed and sonicated again under
the conditions previously described and centrifuged at
100 000 g for 60 min at 4℃. The aliquots of the most upper layer were stored at -80℃ until use.
Cytotoxicity assay with cell viability
HeLa cells (Cell Resource Center for Biomedical Research,
Tohoku University) cultured in Eagle’s modified minimal
essential medium containing 100 mL/L fetal bovine serum
(MEM-FBS) were seeded into 96-well plates at a density of
104 cells per well. After 24 h, the cells were washed twice
with PBS and challenged with 10 μL of aliquots of serial
fraction or serial dilution of protein solution with 90 μL
of MEM-FBS for a total volume of 100 μL per well. Cells
were incubated at 37℃ for 24 h and cell viability was evaluated by WST-1 assay using Cell Counting kits (DOJINDO
Laboratories). Each determination was performed in triple
wells.
Purification of cytotoxic factor
Proteins in the bacterial extract were precipitated with a
700 g/L saturated solution of ammonium sulfate. After
centrifugation at 12 000 g for 20 min, the pellets were
resuspended in 10 mmol/L Tris-HCl buffer (pH 7.7) and
dialyzed against the same buffer.
The anion exchange chromatography was performed
on DEAE Sephacel (Amersham Pharmacia Biotech UK
Ltd.) with 10 mmol/L Tris-HCl buffer (pH 7.7). The
cation exchange chromatography was CM Sepharose Fast
Flow (Amersham Pharmacia Biotech UK Ltd.) with 10
mmol/L Tris-HCl buffer (pH 5.8). The proteins were
eluted with the same buffer containing a linear gradient of
0-0.3 mol/L NaCl and 0-1.0 mol/L NaCl, respectively. Size
exclusion chromatography was performed on a Superose
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12 HR 10/30 column (Pharmacia) with buffer containing
10 mmol/L Tris-HCl (pH 7.7) and 0.15 mol/L NaCl at a
flow rate of 0.25 mL/min.

RESULTS
Morphological change of HeLa cells
We cultured H pylori 60190 with or without serum for
approximately two years. The serum-free culture method
using 0.5% 2,6-di-O-methyl- β -cyclodextrin was less
favorable for the bacterium and made it inclined to be
easily autolysed in the culturing process. In this study, we
defined the serum-free method to culture the bacterium
using Brain Heart Infusion (DIFCO) and 0.5% 2,6-di-Omethyl-β-cyclodextrin without serum for approximately
two years in semisolid medium, and the conventional
method using Brain Heart Infusion and 70 mL/L serum
without cyclodextrin in semisolid medium. After more
than approximately 100 passages, both the supernatant and
the extract of the bacterium cultured with the serum-free
method induced characteristic morphological changes in
HeLa cells, compared to the supernatant and the extract
cultured using serum; the cells exposed to its supernatant
showed a round-formed shape or small debris with a
destroyed contour without vacuolation and the cells
exposed to its extract showed an elongated or spindlelike shape with a decrease in cell number in 24 h, while the
control cells exposed to the supernatant and the extract
had scarcely changed, except for some vacuolations that
were similar to the previously reported morphological
change (Figure 1).
We observed that both HeLa cells exposed to the
supernatant and the extract of the bacterium cultured
without serum showed the round-formed change or
round debris through the elongated and spindle-like shape
without vacuolation. We examined whether HeLa cells
exposed to the extract had undergone the same changes
using a denser extract. We found that both of the HeLa
cells exposed to the supernatant and the extract finally
showed the round-formed or shrunken-formed change
through the elongated or spindle-like form after 24 h.
We compared the morphologic change of HeLa cells
exposed to the extract cultured with serum and cultured
for approximately one year without serum (Figure 2),
and considered that both contained probably a similar
cytotoxic factor.
The conventional search of cytotoxin in H pylori used
the uptake of neutral red into the vacuole of sampletreated cells because the supernatant of the bacterium
caused some vacuolations in cells [14], but scarcely any
degeneration or remarkable decrease of the number of
assay cells. No direct cell viability assay, therefore, was used
in search of the cytotoxic factor of H pylori. However, we
were able to successfully adopt this cell viability assay in
place of the neutral red uptake method because of the
radical cytotoxicity of the supernatant and the extract
cultured without serum.
Cytotoxicity measured by cell viability assay
The cytotoxicity was determined with an assay using
HeLa cell viability with WST-1 tetrazolium and a lactate
www.wjgnet.com
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dehydrogenase release assay. This cell viability assay
revealed the intense cytotoxicity toward HeLa cells, as we
predicted. Both the supernatant and the extract cultured
without serum had a greater cytotoxicity toward HeLa
cells than the ones cultured with serum. The extract,
especially of that cultured without serum, had a far greater
cytotoxicity than that cultured with serum (Figure 3). This
cytotoxicity was thought to be irreversible because the
viability assay used measured the intracellular enzyme in
the dead or destroyed cells. No cell reversibility could be
ascertained for certain when we removed the supernatant
and the extract from the cells at 6 h and 12 h after the
addition and replaced it with the control lysate for a
further 24 h observation (data not shown).
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Figure 1 Morphologic change
of HeLa cells caused by the
supernatant and the extract of H
pylori with or without serum after
24 h. HeLa cells were seeded
at 5 000 cells per well in every
plate. The concentration of the
supernatant cultured with or
without serum was 2.1 mg/mL
and the concentration of the
respective extract was 0.5 mg/
mL. A: HeLa cells exposed to the
supernatant of the method using
serum showed little change and
the ones exposed to the extract
also showed no remarkable
changes but included a few
minor vacuolations compared
to the control; B: HeLa cells
exposed to the supernatant
of the method without serum
showed a round-formed shape
and a decayed contour with
greatly decreased cell number,
and those exposed to its extract
showed an elongated or spindlelike shape with a decrease in cell
number. Scale bar, 200 μm.

Figure 2 Morphologic change of
HeLa cells caused by H pylori 1.0
mg/mL cell extract with or without
serum. HeLa cells exposed
to the extract cultured without
serum showed the characteristic
morphological changes in 12 h.
A: HeLa cells exposed to the
extract cultured with serum 6
h and 12 h after addition of the
extract showed no remarkable
changes but a small decrease
in cell number; B: HeLa cells
exposed to the extract cultured
without serum 6 h and 12 h after
addition of the extract showed
the round-formed shape or round
debris with a decayed contour
through the elongated or spindlelike shape without vacuolations.
Scale bar, 200 μm.

12 h

Purification in accordance to the passage time
We pursued the growing cytotoxicity of the extract using a
cell viability assay and anion exchange chromatography in
accordance to the passage time without serum. The extract
at the onset of culturing without serum showed two minor
dips of cell viability at approximately 0.1 mol/L NaCl and
0.2 mol/L NaCl with gradient elution, respectively. The
extract after approximately 6 mo of culture (approximately
50 passages) from the onset indicated clearer minor dips at
the same concentration of the NaCl linear gradient elution;
while approximately one year (approximately 100 passages)
from its onset without serum, the extract had a major dip at
0.2 mol/L NaCl and a minor dip at 0.1 mol/L NaCl with far
less elution protein. We found that the putative cytotoxic
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100 passages after the onset of culturing. A: Long serum-free cultured supernatant
showing dose-dependent decrease curves of cell viability; B: Long serum-free
cultured extract showing further dose-dependent decrease curves of cell viability.
Each point represents the mean ± SD from three separate experiments.
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Cytotoxicity toward human cells
These extracts partially purified by anion exchange
chromatography showed robust cytotoxicity toward
HeLa cells and other human cells, including AZ521
(gastric carcinoma cells), HLF (hepatocellular carcinoma
cells), Caco2 (colorectal carcinoma cells), and HL60
(promyeloblastic leukemia cells) (Figure 6).

DISCUSSION
This is probably the first report about serum-free long
culture method of H pylori. We showed that the established
strain, H pylori 60 190, could be converted to a far more
cytotoxic strain with a serum-free long culture method
that was altogether different from that obtained using
conventional culture methods including serum. This
cytotoxicity was acquired by the long process of culturing
it without serum. Both the supernatant and the extract
cultured without serum caused cytotoxicity toward HeLa
cells that was distinctly different from the cytotoxicity of
H pylori cultured using serum of the conventional method
to help the feeble growth of H pylori. The conventional
method using serum certainly may ultimately help the
growth state[15] but was considered to be very much unlike
the actual growing environment. 2,6-Di-O-methyl- β cyclodextrin (CD) is considered to reduce the toxic effect
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Purification on cation exchange chromatography and size
exclusion chromatography
In addition, we examined the extract cultured
approximately one year (approximately 100 passages)
from its onset without serum using cation exchange
chromatography and size exclusion chromatography.
Cation exchange chromatography showed one clear
dip at around 0.3 mol/L NaCl in the gradient elution
that indicated that the putative cytotoxic factor had an
isoelectric point of more than pH 5.8 due to the use of
the buffer with pH 5.8. Size exclusion chromatography
showed a sharp dip at around 37-45 ku, which was
different from the molecular mass of the vacuolating toxin
(87 ku) (Figure  5).
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factor had an isoelectric point less than pH 7.7 due to the
use of the buffer with pH 7.7 (Figure 4).
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Figure 4 Analysis of the column anion exchange chromatography of the extract
cultured without serum. Cell viability that represents the putative cytotoxic factor
was measured for cell viability at A415 using the WST1 method. Column eluates
that represent the protein densities were monitored at A280 for each of the filtrated
fractions. Proteins were eluted with a linear gradient of 0-0.3 mol/L NaCl. A: Anion
exchange chromatography of the cell extract protein at the onset of culturing
without serum. Two minor dips of cell viability are indicated (arrows); B: Anion
exchange chromatography of the cell extract protein approximately 50 passages
(approximately 6 mo) after the onset of culturing without serum. Two clearer minor
dips of cell viabilities are indicated (arrows); C: Anion exchange chromatography
of the cell extract protein approximately 100 passages (approximately one year)
after the onset of culturing without serum. One minor dip and one major dip are at
0.1 mol/L NaCl and 0.2 mol/L NaCl, respectively (arrows).

of fatty acids as well as bovine serum albumin (BSA)[16,17].
Although blood and ser um may contain g rowthstimulatory factors required by the organism[14], the strain
60 190, we used, grew in media with CD without any
serum, but did not grow in media without sera or CD as
the other strains were reported[18].
The supernatant of the ser um-free culture was
reported to cause epithelial cytoskeletal disruption [13]
after as little as 48 h culture, while 72 h culture decreased
the apoptotic signaling of cells, as compared to serumcontaining cultures[19]. Serum-free culture method may be
less favorable to the organism but more useful with the
research of its cytotoxic factors.
Most in vitro studies hitherto have used H pylori strains
cultured using serum, and if any serum-free culture of
the bacterium was used for a short time[10,14], it may have
been that the supernatant caused the morphological
cytotoxic change with vacuolations and without any
remarkable cell viability loss or any decrease of assay cell
number. However, we discovered the supernatant and
the extract of the bacterium cultured for long periods of
www.wjgnet.com

536

ISSN 1007-9327

CN 14-1219/R

0.6
1.0

0.01

2

4

  6

0.2

-0.01

8

b

b
0.0

150

0.4

0.5

0.00
0

AZ521

Viability

0.02
0.5

Number 4

0.8

% Cell viability
A 280 nm

0.03

0.8

0.02

CTRL

0.0

SMPL

Caco2

1.5

CTRL

SMPL

HLF

0.01
50

A 280 nm

100
0.6
Viability

0.00
-0.01

0
0

10

20

30

40

  50

ACKNOWLEDGMENTS
We thank Ohno M and Tamanoi I for constr uctive
comments.
www.wjgnet.com

0.4

b

0.2

Fraction No.

time without serum had a different cytotoxicity in both
the cell morphology and the activity that scaled up with
the passage duration for a year or more, Furthermore, the
shape of the organism cultured in serum-free medium
had seemed to be more cocoid form than that would be in
serum-containing medium.
In addition, our chromatography study showed that
putative cytotoxic factor had an isoelectric point between
pH 5.8 to 7.7, with a molecular mass of approximately
37-45 ku, which was different from that of the vacuolating
toxin (87 ku). The anion exchange chromatography study
appeared to indicate two cell-viability dips, a minor dip
and a major dip. Further investigation will be required to
determine the number of possible factors involved.
This experimental method might represent a state
closer to that of the actual intragastric state, rather
than that obtained by using conventional serum-using
studies. The experimental method reported herein may
also produce results more closely related to clinical
observations, which would redress the conventional
concept that H pylori has only a weak and reversible
cytotoxin. H pylori might, in fact, be more insidious and
more fierce than the researchers had ever conceived.
Our result may provide a new approach to the
cytotoxin research and elucidate a pathological mechanism
in H pylori using this new method, which is different from
that of the vacuolating toxin, the only presently known
cytotoxin.
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Abstract
AIM: To examine the effects of adenosine and A1 receptor activation on reperfusion-induced small intestinal
injury.
METHODS: Rats were randomized into groups with
sham operation, ischemia and reperfusion, and systemic
6
treatments with either adenosine or 2-chloro-N -cyclopentyladenosine, A1 receptor agonist or 8-cyclopentyl1,3-dipropylxanthine, A1 receptor antagonist, plus adenosine before ischemia. Following reperfusion, contractions of ileum segments in response to KCl, carbachol
and substance P were recorded. Tissue myeloperoxidase,
malondialdehyde, and reduced glutathione levels were
measured.
RESULTS: Ischemia significantly decreased both contraction and reduced glutathione level which were ameliorated by adenosine and agonist administration. Treatment
also decreased neutrophil infiltration and membrane lipid
peroxidation. Beneficial effects of adenosine were abolished by pretreatment with A1 receptor antagonist.
CONCLUSION: The data suggest that adenosine and
A1 receptor stimulation attenuate ischemic intestinal injury via decreasing oxidative stress, lowering neutrophil
infiltration, and increasing reduced glutathione content.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ischemia-reperfusion (I/R) injury of the intestine is
a significant problem in a numerous situations such
as abdominal aortic aneurysm surgery, small bowel
transplantation, cardiopulmonary bypass, strangulated
hernias, and neonatal necrotizing enterocolitis[1]. Decreased
contractile activity, increased microvascular permeability,
and dysfunction of mucosal barrier are all associated with
intestinal I/R[2,3]. I/R injury of the intestine is an intricate
and multifactorial pathophysiological process that involves
the formation and action of oxygen free radicals (OFRs)[3-9],
inflammatory cytokines, the complement system[1,3] and
neutrophil infiltration[1-3,6,7,10] at the site of damage.
The purine nucleoside adenosine is one of the major
local regulators of normal tissue function, acting in
both an autocrine and paracrine fashion. Its regulatory
function becomes pronounced especially when energy
supply ceases abruptly as in the case of ischemia, and
fails to meet cellular energy demand. Adenosine exerts
its effects by interacting with its receptors, four of which
have been cloned and characterized as adenosine A1, A2a,
A2b, and A3[11-13]. The physiological role of adenosine in the
gastrointestinal tract is still poorly understood, particularly
with regard to colonic and ileal motor functions. It
has been reported that A 1 adenosine receptor (A 1AR)
antagonists increase defecation in rats[13] and that A1AR
agonists can inhibit intestinal fluid secretion and peristalsis
via adenosine A2B and A1 receptors, respectively[14].
One of the cellular events observed during ischemia
is the increased consumption of ATP, leading to
accumulation of adenosine with thereby elevating
extracellular adenosine. The accumulation of adenosine
is believed to contribute to cytoprotection in the ischemic
tissue [11,12]. Furthermore, adenosine which is released
during short periods of ischemia followed by reperfusion,
provides cytoprotection against a subsequent sustained
ischemia in heart, resulting in reduced infarct size[15-20].
This is known as the preconditioning effect of adenosine,
which is mediated mostly through the activation of cardiac
A 1 ARs before ischemia [11,12,18] . It is well documented
that the early [19,20] and late [11,15,18] phases of ischemic
tolerance are mediated by adenosine in myocardium. That
adenosine exerts anti-ischemic actions is indicated by
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a number of studies using adenosine receptor agonists
and antagonists[15-18] as well as animals overexpressing or
lacking A 1AR [21,22]. Administration of adenosine either
prior to ischemia or during reperfusion has been shown
to attenuate myocardial injury [23,24] . Treatment with
adenosine A1AR agonist initiates preconditioning not only
in heart[15-18,25] but also in tissues such as kidney[26,27] and
brain[28,29], resulting in attenuation of ischemic injury. One
of the underlying mechanisms suggested for adenosine
receptor-mediated preconditioning in the heard is through
involvement of protein kinase C (PKC) in heart[11,12,30].
Activation of PKC induces opening of ATP-sensitive K+
channels[11,12,31]. Among other effectors that most likely
contribute to the cytoprotection by adenosine are mitogen
activated protein (MAP) kinases[25,31-33], heat shock proteins
(HSPs) [11-15,34], antioxidant enzymes [15,34] and inducible
nitric oxide synthase (iNOS)[11,12]. Moreover, induction and
activation of manganese superoxide dismutase (Mn-SOD)
is also believed to be a significant factor in mediating
myocardial adaptation in response to activation of A1AR[15].
In the phenomenon of ischemic preconditioning
(IPC), a short period of ischemia protects the organs (e.g.
heart) against a subsequent more substantial ischemic
injury[35]. In fact, IPC has been one of the most promising
strategies against reperfusion injury during the last few
years. It appears to elevate the tolerance of the intestine
to I/R injury. A number of experimental studies have
shown that reperfusion injur y in small intestine is
prevented by IPC[36-40]. IPC conducted in small intestine
reduces postischemic leukocyte adhesion by maintaining
the bioavailability of nitric oxide[41]. Moreover, it lowers
the expression of P-selectin[38], which is a downstream
effector target of the adenosine-initiated, PKC dependent,
signalling pathway in intestine. Although activation of
PKC triggered by adenosine has been a crucial factor for
initiating the beneficial actions of IPC in most tissues,
the effector of the preconditioning phenomenon appears
to vary among tissues. Activated-K + channels[42], nitric
oxide[39,41] and endogenous opioid peptides[43] have reported
to be the other downstream effectors of IPC in intestine.
Based primarily on animal experiments, the identification
of the molecular mechanisms that are responsible for
protection by IPC, has provided opportunities to consider
several rational targets for pharmacological intervention.
Consequently, a variety of drugs have been demonstrated
to be able to mimic IPC when applied instead of ischemia.
This is known as pharmacological preconditioning (PPC).
Recently, various studies carried out in rat small intestine
have demonstrated that establishing PPC by administration
of either adenosine [37] or A 1AR agonist [38] mimics the
protective effects of IPC. Intensive investigation has been
focused on explaining how adenosine accomplishes the
beneficial effect of preconditioning. For instance, currently
published studies suggest important anti-ischemic roles
of the A1[18,25,30], A3[17,21] or A2a[44,45] adenosine receptors
in heart. On the other hand, relatively little data are
available on the role of the different adenosine receptors
in mediating cytoprotection in intestinal tissue which is
exposed to I/R. The majority of studies strongly suggest
that adenosine can promote protection against I/R injury
via activation of different adenosine receptors in various
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tissues. A substantial number of studies report that IPC
has been beneficial in human heart and the liver. However,
both prospective controlled studies in human and
experimental studies in animals are lacking[1]. Furthermore,
research based on administration of drugs that can mimic
the effects of IPC is required further to explore the
cellular events during I/R injury of the intestine. To date,
there is no direct evidence showing possible effects of
adenosine and A1AR activation on reduced contractility
of intestinal smooth muscle due to I/R injury. Therefore,
the present study was constructed to explore the possible
effects of adenosine and A1AR activation on reperfusion
injury of small intestinal tissue by evaluating contractile
response and levels of thiobarbituric acid-reactive
substances (TBARS, a marker of lipid peroxidation),
reduced glutathione (GSH, an endogenous antioxidant),
and myeloperoxidase (MPO an index of neutrophil
infiltration), in terminal ileum subjected to I/R.

MATERIALS AND METHODS
Animals
Following Ethical Committee approval, forty adult
male Wistar rats, weighing 200-230 g, were obtained
from the Experimental Research Section of Zonguldak
Karaelmas University, where animals have been reared and
maintained under standard conditions, such as stable room
temperature (23 ± 2℃), a 12 h light: 12 h dark cycle, and
feeding with commercial rat chow and tap water ad libitum.
Experimental manipulations and surgical operations
were approved by the Animal Ethical Committee of the
University. Maximum care and a humane approach to use
of animals was of primary consideration.
Experimental groups and operative procedures
The surgical goal was to induce mesenteric ischemia in rats
for 30 min followed by a 180 min reperfusion period. On
the day before surgery, each animal was fasted overnight
with unlimited access to water. Briefly, each animal was
anesthetized by an intraperitoneal injection of 50 mg/kg
sodium thiopenthal followed by a midline incision made
into the peritoneal cavity. The small bowel was exteriorized
gently to the left onto moist gauze, and then the superior
mesenteric artery (SMA) was carefully exposed, isolated,
and clamped using a microvascular clamp. Intestinal ischemia was confirmed by obvious lack of pulse in the SMA
and paleness of the jejunum and ileum. The intestines
were then meticulously placed back into the abdomen
which was closed with two small clamps. Following 30
min of occlusion time, the clamping was gently released
and the intestine inspected for proper reperfusion characterized by regular pulsation. Throughout the surgical
procedure, each animal was placed under a heating lamp
to maintain constant body temperature (e.g. 37℃). For
the purpose of assessing the roles of adenosine and A1AR
agonist, animals were randomly divided into five groups:
(1) Sham-operated group, subjected to laparatomy without
performing the occlusion of the SMA; (2) I/R group, subjected to the occlusion of SMA followed by reperfusion; (3)
CPA-treated group (0.1 mg/kg, 5 min prior to ischemia) +
I/R; (4) Adenosine-treated group (10 mg/kg, 5 min prior
www.wjgnet.com
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to ischemia) + I/R; (5) DPCPX pretreatment (1 mg/kg,
15 min prior to adenosine administration) + adenosine
treatment (10 mg/kg, 5 min prior to ischemia) + I/R. In
the last group, confirming the possible effect of selective
A1AR agonist CPA on reperfusion injury, the selective
A1AR antagonist DPCPX was administered 15 min prior
to adenosine treatment. The route and volume for drug
administration were the tail vein and 200 μL, respectively.
To animals in both sham-control and I/R-control groups
were given sterile serum physiological solution in the same
volume instead. Choice of dose regimen for the drugs was
based on published studies in the literature[22,37,38].
Preparation of terminal ileum
Upon completion of the I/R period, and whilst still unconcious, the animals were sacrificed by exsanguination of
the abdominal aorta. Strips of terminal ileum of 10 mm
length were immediately removed 10 cm oral to the ileocecal junction and transferred into a Petri dish containing
Krebs solution (in mmol/L: NaCl 118, NaHCO3 24.88,
KH2PO4 1.18, KCl 4.7, MgSO4 1.16, CaCl2 2.52 and glucose 11.1). Then, tissue was longitudinally suspended in a
standard organ chamber, and continuously perfused with
20 mL of preoxygenated Krebs solution (pH 7.4), which
was bubbled constantly with a mixture of 950 mL/L O2
and 50 mL/L CO2 gas and maintained at a temperature
of 37℃. One end of the tissue strip was tied to a fixed
post and the other attached to an isometric force transducer under a resting tension of 2 g. Isometric responses
were monitored by external force displacement transducer
(FDA-10A, Commat Iletisim Co., Ankara, Turkey) and
recorded on the computer using MP 30 software (Biopac
Systems Inc., Santa Barbara, CA, USA). In the organ bath,
each strip was allowed to equilibrate for 1 h with intervening washes every 15 min before adding any compound.
Tissue samples also obtained from small intestine approximately 10 cm proximal to the ileocecal area were frozen
immediately and stored at -40℃ for biochemical measurements.
Concentration-response curves
At the beginning of each experiment to observe dosecontractile response relationship, KCl was added to the organ chamber to a final concentration of 30 mmol/L. For
the preparation of high K+ solutions, NaCl was exchanged
for an equimolar amount of KCl to maintain the physiological osmolarity of the Krebs solution. The contraction
recorded in response to KCl was considered as a reference response. Afterwards, the contractions in response to
carbachol and substance P at various final concentrations
ranging from 10-9 mol/L to 10-2 mol/L were recorded by
pipetting these compounds into the organ bath in a cumulative fashion at equal intervals. At the end of the experiment, the response to 30 mmol/L KCl was measured
again to confirm and evaluate the degree of tissue viability.
The amplitude of all contractions was then normalized for
each g of tissue and expressed as percentage of the initial KCl-reference response. The number of experiments,
represented as “n”, indicates that each experiment was
performed with a tissue sample taken from one animal.
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All experiments were conducted in a paired way. For the
purpose of evaluating the effects of ligand, agonist, and
antagonist, the maximum response (Emax) and pD2 values
(e.g. the negative logarithm of the concentration for the
half-maximal response, ED50) were computed by using
GraphPad Prism Software 3.02 (GraphPad Prism Inc., San
Diego, CA, USA)[46]. The pD2 values (apparent agonist affinity constants) were calculated from each agonist concentration–response curve by linear regression of the linear
median part of the sigmoid curve and taken as a measure
of the sensitivity of the tissues to each agonist.
Drugs
Adenosine, CPA, DPCPX, carbachol and substance P were
purchased from Sigma (Sigma Chemical Co., St. Louis,
MO, USA). They were dissolved in double distilled water,
except for CPA and DPCPX which were initially prepared
in dimethyl sulphoxide and then diluted in physiological
saline. Adenosine, CPA, and DPCPX were prepared fresh
just before usage. Carbachol and substance P were made
up at different concentrations and kept frozen in aliquots.
Compounds, which were used for preparing Krebs solution, were purchased from Merck (Merck KGaA, Darmstadt, Germany). All other reagents, including trichloroacetic
acid (TCA), thiobarbituric acid (TBA), butylated hydroxy
toluene (BHT), and dithiobisnitrobenzoate (DTNB) were
obtained from Sigma.
Determination of tissue TBARS and GSH
Tissue TBARS content was measured in order to estimate
the extent of lipid peroxidation in the injured terminal
ileum. Samples obtained from each group were stored at
-40℃ until assayed. Tissue samples were washed in icecold Krebs solution, blotted on absorbent paper and
weighed. Afterwards, each sample was minced followed
by homogenization with 10 mL of 100 g/L TCA per g of
tissue, using a motor-driven homogenizer (Heidolph Diax
900, Heidolph Elektro GmbH&Co.KG, Kelheim, Germany). Then, the tissue TBARS levels were measured spectrophotometrically based on a method described by Casini
et al[47] and expressed as nmol/g of tissue weight. Briefly,
following two consecutive centrifugations at 3000 g for 15
min, 750 μL supernatant was added to equal volume of 6.7
g/L TBA and heated to 100℃ for 15 min. The absorbance
of the samples was then measured spectrophotometrically
at 535 nm (Smart Spectro, LaMotte Co., Chestertown, MD,
USA).
The GSH content of the samples were measured by
applying a modified Ellman method[48]. In brief, 2 mL of
0.3 mol/L Na2HPO4 solution was mixed with 0.5 mL of
supernatant obtained by employing the homogenization
procedure described above. Into the mixture, 0.2 mL of
DTNB solution was added followed by reading absorbance at 412 nm. The tissue GSH levels were expressed as
μmol/g of tissue weight.
Measurement of tissue MPO activity
The degree of neutrophil accumulation in the intestinal
tissue samples was measured by assaying MPO activity as
described by Bradley et al[49]. Briefly, upon thawing, each
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Table 1 E max and pD 2 values of carbachol and substance P (n = 8, means ± SE)
Sham Control

I/R Control

CPA-I/R

ADO-I/R

DPCPX + ADO-I/R

Emax

488.67 ± 47.01

157.05 ± 41.35a

395.05 ± 32.62c

372.21 ± 54.68c

212.35 ± 40.09a

pD2

6.30 ± 0.19

7.02 ± 0.31

6.24 ± 0.40

6.94 ± 0.13

5.81 ± 0.18

Emax

255.94 ± 31.17

115.00 ± 13.36a

148.19 ± 13.80a

242.93 ± 46.55c

259.61 ± 24.62c

pD2

6.51 ± 0.05

8.29 ± 1.08

7.00 ± 0.22

6.69 ± 0.28

6.51 ± 0.07

Carbachol

Substance P

P < 0.05 vs sham-operated control group, cP < 0.05 vs I/R control group.

a

Statistical analysis
Values for the experiments dealing with contractility were
normalized for per g of tissue followed by expressing them
as percentage of KCl response. Each data point represents
mean ± SE. For statistical evaluation, SPSS 11.0 statistical
software package programme was used (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA)
was applied for statistical comparison of groups, followed
by analysis with Tukey-Kramer test so as to determine differences between the groups. Probability value (P) of 0.05
or less was considered statistically meaningful.

RESULTS
Ileal longitudinal muscle contractility
For longitudinal ileum muscle collected from sham
control, CPA-treated, adenosine-treated, and DPCPXadenosine-treated animals, mean contraction responses
to 30 mmol/L KCl were measured as 0.59 ± 0.01 g; 0.40
± 0.09 g; 0.50 ± 0.22 g; and 0.44 ± 0.21 g, respectively,
which were statistically indistinguishable (Figure 1). In I/R
control group however, the contractile response (0.26 ±
0.08 g) was significantly reduced when compared to that in
sham-operated control group (P = 0.012).
The addition of carbachol at concentrations from
10-9 mol/L to 10-2 mol/L into the organ bath resulted

Sham control
I/R control
CPA
Adenosine
DPCPX-Adenosine

0.75

Contraction (g)

sample was very finely minced with surgical blade in a petri
dish containing 50 mmol/L potassium phosphate buffer
(PB, pH 6.0) at a volume 20 times the tissue weight (e.g. 1
mL) followed by homogenization for 5 min in ice-cold PB
by means of motor driven homogenizer. The homogenate
was centrifuged at 40 000 g for 15 min at 4℃. The homogenized tissue pellet was suspended in 50 mmol/L PB
containing 5 g/L hexadecyltrimethylammonium bromide
(HETAB) and then homogenized again. Following three
freeze and thaw cycles with sonication (Bandelin Sonopuls
HD2070, Bandelin Electronic GmbH&CO.KG, Berlin,
Germany) between cycles, the samples were centrifuged
at 40 000 g for 10 min. Aliquots of supernatant (0.1 mL)
were added to 2.9 mL of reaction mixture containing 0.167
mg/mL of o-dianisidine, and 20 mmol/L H2O2 solution,
which were prepared in 50 mmol/L of PB. Immediately
after adding the aliquot to the mixture, the change in absorbance at 460 nm was measured for 5 min. One unit of
MPO activity was defined as that degrading 1 μmol of
peroxide per min at 25℃. The activity was then normalized as unit per mg of tissue (U/mg).

0.50

a
0.25

0.00

KCL (30 mmol/L)

Figure 1 Mean contraction of longitudinal ileum muscle isolated from shamoperated control, I/R control, CPA-I/R, adenosine-I/R, and DPCPX-adenosine-I/R
rats in response to 30 mmol/L KCl. Data are expressed as means ± SE (n = 8). aP
< 0.05 vs sham-operated control group.

in a dose-dependent contractile effect on the terminal
ileum segments from all groups (Figure 2), providing
sigmoid curves with Emax and pD2 values (Figure 3). Emax
value for carbachol was significantly lower in the I/R
control group than in the sham-operated control group
(157.04% ± 41.35% vs 488.66% ± 47.01%, respectively).
In other words, contraction in response to carbachol
was significantly reduced by induction of I/R. Statistical
difference between the groups appeared to be meaningful
at 10 -6 mol/L (P = 0.02), reaching a maximal level at
10-3 mol/L of carbachol (P = 0.0001). The I/R-induced
reduction in contractility was significantly restored by
treatments with both CPA and adenosine but not by
pretreatment with DPCPX. Amelioration of reduced
contractions with CPA and adenosine therapies became
statistically significant at millimolar doses of carbachol (P
= 0.03 at 10-3 mol/L and 10-2 mol/L).
Comparison of the Emax values showed that average
contraction of ileum samples in I/R group was just
32% of that in sham-operated control group, while
those in CPA- and adenosine-treated g roups were
approximately 81% and 76%, respectively (Table 1). In
the group pretreated with DPCPX, Emax was found to be
approximately 60% of that in sham control group, which
was statistically significant (P < 0.05). On the other hand,
no statistically significant change was detected in the
corresponding pD2 values in any group (Table 1).
In response to various concentrations of substance
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Figure 2 Representative traces showing responses generated by various
concentrations of carbachol in longitudinal ileum muscle isolated from shamoperated control (A), I/R control (B), CPA–I/R (C), adenosine-I/R (D), and DPCPXadenosine-I/R (E) rats.
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Figure 4 Representative traces showing responses generated by various
concentrations of substance P in longitudinal ileum muscle isolated from shamoperated control (A), I/R control (B), CPA-I/R (C), adenosine-I/R (D), and DPCPXadenosine-I/R (E) rats.
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Figure 3 Dose-response curves of carbachol in longitudinal ileum muscle isolated
from sham-operated control, I/R control, CPA-I/R, adenosine-I/R, and DPCPXadenosine-I/R rats. Data are expressed as means ± SE (n = 8). aP < 0.05 vs
sham-operated control, cP < 0.05 vs I/R control groups.

Figure 5 Dose-response curves of substance P in longitudinal ileum muscle
isolated from sham-operated control, I/R control, CPA-I/R, adenosine-I/R, and
DPCPX-adenosine-I/R rats. Data are expressed as means ± SE (n = 8). aP < 0.05
vs sham-operated control, cP < 0.05 vs I/R control groups.

P ranging from 10-9 mol/L to 10-2 mol/L, terminal ileum
samples contracted in a dose-dependent fashion in all
groups (Figure 4), rendering sigmoid curves with Emax and
pD2 values (Figure 5). The contractile response induced
by substance P was significantly and dose-dependently
inhibited by induction of I/R. Statistical difference
between sham-operated control rats and I/R control
animals was significant at 10-6 mol/L and over doses of
substance P (P < 0.05). Reduced contractility due to I/R
was alleviated significantly by adenosine treatment (P <
0.05). This effect of adenosine was completely lost once
DPCPX was given prior to adenosine administration.
However, the exacerbating effect of DPCPX was
significantly evident in response to substance P at doses
lower than 10-5 mol/L (Figure 5). Above this concentration,
as shown in the ascending part of the curve, responses in
both adenosine- and DPCPX-adenosine-treated groups
were statistically indistinguishable. Accordingly, there was
a statistically significant difference between I/R control
group and DPCPX-adenosine-treated group in response

to 10-4 mol/L (P = 0.022), 10-3 mol/L (P = 0.004), and
10 -2 mol/L (P = 0.011) of substance P. Regarding the
corresponding pD 2 values, no statistically significant
change was detected in any group (Table 1).
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TBARS level
Average TBARS content of intestinal samples from shamoperated animals was 54.18 ± 3.26 nmol/g tissue, while
that from I/R control rats was 78.27 ± 7.60 nmol/g tissue
(Figure 6). I/R caused approximately 1.45 fold increase
in TBARS content of the tissue, which was significantly
different from that measured in samples from shamoperated animals (P = 0.002). Administration of either
CPA or adenosine prior to the induction of ischemia
significantly reduced the elevated TBARS content to the
levels observed in sham control rats. Mean values of the
both groups (39.87 ± 11.02 nmol/g tissue and 56.49 ± 7.03
nmol/g tissue, respectively) were significantly different
from that of the I/R control group (P = 0.001). On the
other hand, in the case of DPCPX pretreatment before
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adenosine administration followed by I/R, the average
TBARS content was 72.02 ± 4.34 nmol/g tissue, which
was not significantly different from that in the I/R control
group.
GSH level
As shown in Figure 7, the amount of GSH measured
in tissues subjected to I/R (1.29 ± 0.19 μmol/g tissue)
decreased approximately 58% compared to that measured
in the tissues from the sham-operated group (3.08 ± 0.27
μmol/g tissue) (P < 0.001). Levels of tissue GSH were
statistically indistinguishable when comparing the samples
from I/R control group with those from CPA-treated
group. In contrast, treatment with adenosine significantly
ameliorated the decreased amount of GSH. Mean GSH
content was 2.34 ± 0.31 μ mol/g tissue, which was
significantly different from that measured in I/R control
animals (P = 0.002). However, pretreatment with DPCPX
prevented this effect of adenosine, reducing GSH content
to the levels observed in I/R control animals.
MPO activity
MPO enzyme activities in the terminal ileum samples from
animals subjected to sham operation, I/R, CPA treatment,
adenosine treatment, and DPCPX-adenosine treatment
averaged 6.09 ± 1.04 U/mg tissue, 18.19 ± 6.57 U/mg
tissue, 10.80 ± 3.66 U/mg tissue, 5.58 ± 2.89 U/mg tissue,
and 21.45 ± 9.61 U/mg tissue, respectively (Figure 8).
I/R caused approximately a 3 fold increase in MPO
activity of terminal ileum tissue compared to the basal
level of the activity (P < 0.0001), which was measured
in tissues of sham control animals (Figure 8). As MPO
activity of samples from animals treated with CPA or
adenosine were significantly different from that in I/R
group (P = 0.056 and P = 0.0001, respectively), it appeared
that pretreatment with DPCPX completely abolished the
reducing effect of adenosine on MPO activity. Clearly,
no statistical difference was observed in MPO activity
between I/R control animals and DPCPX-pretreated rats,
while there was a significant difference between CPAtreated animals and DPCPX-pretreated animals (P = 0.023)
as well as between adenosine-treated group and DPCPX-

2

a
a

a

1

0

Figure 7 GSH content of ileum samples from sham-operated control, I/R control,
CPA-I/R, adenosine-I/R, and DPCPX-adenosine-I/R rats. Data are expressed as
means ± SE (n = 8). aP < 0.05 vs sham-operated control, cP < 0.05 vs I/R control
groups.

30

MPO activity (U/mg tissue)

Figure 6 TBARS content of ileum samples from sham-operated control, I/R
control, CPA-I/R, adenosine-I/R, and DPCPX-adenosine-I/R rats. Data are
expressed as means ± SE (n = 8). aP < 0.05 vs sham-operated control, cP < 0.05
vs I/R control groups.
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Figure 8 MPO level of ileum samples from sham-operated control, I/R control,
CPA-I/R, adenosine-I/R, and DPCPX-adenosine-I/R animals. Results are the
means ± SE of 6 to 8 animals in each group. aP < 0.05 vs I/R control, bP < 0.001
vs sham-operated control.

pretreated group (P < 0.0001).

DISCUSSION
The major findings of the present study can be summarized as follows: (1) I/R resulted in reduced ileal contractility in response to KCl, carbachol, and substance P as well
as elevating oxidative stress and neutrophil infiltration; (2)
These disturbances were significantly ameliorated by either
adenosine administration or A1AR activation in the preischemic period; (3) Adenosine and A1AR-mediated protection against I/R injury seemed to be associated with decreased oxidative stress and MPO activity; (4) A1AR antagonist
DPCPX diminished the injury-sparing effect of PPC with
adenosine as observed in other tissues. Pharmacological
blockade of A1ARs exacerbated the contractile response
of small intestinal smooth muscle.
I/R results in disrupted exogenous electrical activity
and contractile response of ileum [8-10] . A substantial
amount of evidence indicates that the pathogenesis of
I/R and I/R-induced motor alterations have been related
to OFRs[1-3,6,8] and activated neutrophils[1-3,10]. Intestinal
I/R sets the groundwork for an inflammatory response in
www.wjgnet.com
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the vicinity of muscularis cells, provoking the recruitment
and extravasation of leukocytes into smooth muscle
syncytium[2,10]. A number of experimental studies have
been conducted in order to test various pharmacological
agents that might reduce reperfusion injury of the
intestinal mucosa[4,5,7,9,50,51] with the intention of improving
life-span after acute mesenteric ischemia,.
Our results showed that intestinal I/R resulted in
decreased ileal contractility in response to carbachol,
subtance P, and KCl; therefore influencing both receptormediated induction and non-receptor-mediated induction.
That the pD 2 values in all groups were statistically
indifferent from each other however, suggest that I/R
does not alter agonist-receptor interaction. Hence, the
reduced Emax value in I/R group may be dependent partly
on change in the regulation of postreceptor processes
(e.g. excitation-contraction coupling)[9,46]. Furthermore,
the decreased contraction response also observed in
non-receptor-mediated induction strongly supports this
possibility.
IPC makes reference to a phenomenon in which the
harmful effects of prolonged ischemia is prevented by
exposure of a tissue to brief periods of ischemia[35]. In
spite of the fact that it is highly complicated in nature, IPC
has been successfully applied to various animal models of
intestinal I/R, resulting in attenuation of the reperfusion
injury[37-40,52]. However, although IPC has been shown to
be beneficial in the human heart and liver, prospectively
controlled studies in both humans and animals involving
IPC and PPC of the intestine are inadequate. More
research focused on the application of drugs that can
mimic the effects of IPC is needed to analyze the
cellular and molecular events during I/R injury of the
intestine so as to attenuate I/R injury [1]. Both animal
and human studies have revealed that adenosine is one
of the major triggers for IPC. A study done by Unal et al[37]
has demonstrated that administration of adenosine prior
to ischemia is as effective as IPC for inducing ischemic
tolerance in rats. Data gathered in the present study
confirms this finding and show that the treatment with
adenosine significantly restored I/R-reduced contractile
response. Furthermore, the treatment also provided such
beneficial effects such as elevating GSH content, lowering
lipid peroxidation, and reducing neutrophil infiltration. In
addition, that the A1AR antagonist DPCPX significantly
blocked these protective effects of adenosine is consistent
with the hypothesis that PPC with adenosine is primarily
mediated via A1ARs.
The findings of the present study revealed that nonreceptor mediated (e.g. KCl-induced) and receptor
mediated (e.g. carbacol- and substance P-induced) ileal
contractions that were reduced significantly due to I/
R, were improved remarkably and returned to shamcontrol levels by systemic administration of adenosine or
CPA. During the process of preconditioning, adenosine
is generated in the ischemic tissue. The endogenous
adenosine or selective pharmacological agonists activate
A 1 ARs. Preischemic activation of A 1 ARs has been
demonstrated to prevent from I/R damage in various
organs including heart[15-18,25], kidney[26,27] and brain[28,29].
In these studies, the activation of A 1 ARs has been
www.wjgnet.com
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strongly implicated in the mediation of IPC. Adenosine
therapy before induction of ischemia has been reported
to attenuate ischemic injury in heart[23,24] and intestine[37].
Fur ther more, phar macological blockade of A 1 AR
during preconditioning eliminates the achivement of
protection[15-18]. The protective effect of A1AR activation
is accomplished through the activation of PKC,
leading to translocation of PKC to sarcolemmal and to
mitochondrial membranes. Activated PKC then induces
an increase in opening of ATP-sensitive K+ channels in
heart[11,12]. Stimulation of A1ARs also precedes the early
activation of some other kinases such as tyrosine kinases,
p38, MAPK[11,19,25,31,33], ERK[32], and Akt[20]. Additionally,
in protection obtained by agonist-induced stimulation of
A1AR, elevated content or activity of many proteins have
been demonstrated such as HSP 27[11] and Mn-SOD[15].
Despite the existence and involvement of relatively large
number of effector molecules, it appears that they vary
among tissues. In small intestine, for instance, Davis et al[38]
report that pharmacological modulation of A 1ARs is
involved in reduced expression of P-selectin, which is a
downstream effector target of the adenosine-initiated,
PKC dependent, anti-inflammatory signaling pathway
in preconditioning. In our study, I/R of small intestine
elevated the tissue TBARS content, indicating enhanced
generation of OFRs; therefore, inducing lipid peroxidation.
Systemic administration of adenosine or CPA appeared
to be protective against I/R-induced reduction of
contractility via, at least, inhibiting lipid peroxidation
and neutrophil infiltration as confirmed by reduction of
TBARS and MPO levels, respectively. Another significant
observation reported recently is that activation of A1ARs
in vitro prevents cellular functions from H 2O 2-induced
injury through signaling pathways related to PKC in renal
proximal tubular cells[53]. The same observation has been
demonstrated in other studies on heart[54,55] and kidney[53].
In these studies, activation of A1ARs in vivo and in vitro is
reported to be associated with protection against H2O2induced oxidative injury by modulation of the detrimental
increases in intracellular calcium concentration and by
means of activation of cardiomyocyte K+ channels after
H2O2 exposure.
GSH is an endogenous antioxidant and present in all
animal cells. Reacting with free radicals, it can provide
protection from singlet oxygen, hydroxyl radical and
superoxide anion [31]. Many published studies indicate
that tissue injury, induced by various stimuli (e.g. I/R), is
coupled with glutathione depletion[9]. In the present study,
we showed that depleted GSH content in ischemic ileal
tissue was recovered by adenosine or CPA therapies. In
other words, inducing PPC with these drugs maintained
GSH content during reperfusion. This effect may be
related to activation of PKC since adenosine has been
reported to induce the activation of antioxidant enzymes
in vitro and since it is suggested that the stimulatory
action of adenosine is likely involved in PKC-mediated
phosphorylation. Such a mechanism could ser ve to
decrease the levels of OFRs, which would otherwise be
harmful to the cell. This very effect of adenosine is also
evident in vivo, and may account for adenosine-induced
reduction of lipid peroxidation in cochlea[34]. Although the
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present study has not examined antioxidant enzymes or
PKC, the elevated level of GSH implicates the potential
involvement of a cytoprotective mechanism related to
adenosine and A1 receptor activation.
Modulation of the inflammatory response following
I/R injury is an important component of tissue defense,
mostly because inflammation is the major component of
cell death and motor alteration in intestine subjected to
intestinal injury. In the initial period of I/R, generation
of OFRs occurs, which is the most likely the initial
factor responsible for the induction of neutrophil
chemotactic activity. Afterwards an influx of leukocytes
during reperfusion trig gers an intricate cascade of
proinflammator y events associated with cytokine/
chemokine release and free radical-mediated intestinal
injury[1,3]. Upon attachment to endothelium, neutrophils
cause the secretion of additional OFRs, contributing to
the damage. At this point, the enzyme MPO, found largely
in leukocytes particularly in neutrophils, provides an
opportunity to check the tissue level of the cells since it is
a marker of neutrophil infiltration and accumulation into
tissues[27]. In the present study, we have demonstrated that
the therapy with A1AR agonist CPA prevented neutrophil
infiltration into the reperfused-intestine as shown by the
decrese in MPO content. This finding is in agreement
with those of previous studies which reports that A1AR
stimulation is associated with decreased inflammation and
MPO levels[22,27,38].
In the present study, we have demonstrated that
administration of adenosine and the A1AR agonist CPA
ameliorated intestinal contractile dysfunction induced by
I/R. The outcome of the study suggests that preischemic
administration of adenosine or CPA may protect
intestine, as indicated by recovery of contractile response,
possibly through decreasing oxidative strees and reducing
neutrophil infiltration. In conclusion, our findings
suggest the cellular mechanism by which adenosine and
pharmacological stimulation of A1ARs attenuate intestinal
injury, which may indicate the possible therapeutic usage
of adenosine as an adjunct for ischemia and ischemia
related small bowel diseases.
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either prior to ischemia or during reperfusion has been shown to attenuate
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resulting in attenuation of ischemic injury.

Innovations and breakthroughs

IPC of the small intestine reduces postischemic leukocyte adhesion by maintaining
the bioavailability of nitric oxide. Moreover, it lowers the expression of P-selectin,
which is a downstream effector target of the adenosine-initiated, PKC dependent,
signalling pathway in intestine. Although activation of PKC triggered by adenosine
is a crucial factor for initiating the beneficial actions of IPC in most tissues, the
effector of the preconditioning phenomenon appears to vary among tissues.
Activated-K+ channels, nitric oxide, and endogenous opioid peptides have reported
to be the other downstream effectors of IPC in intestine. Furthermore, currently
published studies suggest important anti-ischemic roles of the A 1, A 3 or A 2a
adenosine receptors in heart.

Applications

The therapeutic efficacy of adenosine and the adenosine A1 agonist, 2-chloro-N6cyclopentyladenosine (CPA) should be examined for potential clinical application in
the treatment of conditions related to intestinal ischemia-reperfusion injury, such as
small bowel transplantation, strangulated hernias, and abdominal aortic aneurysm.
In addition, it would be worthwhile to focus onthe possible effector molecules
(e.g. involvement of PKC, opening of mitochondrial ATP-sensitive K+ channels, or
activation of Akt) which underlie the mechanism (s) responsible for the beneficial
effects of adenosine and CPA observed in the present study.

Terminology

Ischemia: deficient supply of blood to a body part (e.g. any organ) that is due to
obstruction of the inflow of arterial blood (for example, by narrowing of arteries
as a result of spasm or disease); Ischemia-reperfusion: interruption of the blood
flow to a tissue for a period of time followed by restoration of blood flow. During
the ischaemic period , a sequence of events is initiated that may ultimately lead
to cellular dysfunction or even cell death; Reperfusion injury: When ischemia is
ended by restoration of blood flow, a second series of injurious events ensue
producing additional damage. The injury produced by reperfusion is more severe
that that induced by ischemia and is called reperfusion injury. The primary harmful
events are the formation of cytotoxic oxidants (also commonly called oxygen free
radicals) derived from molecular oxygen, oxygen free radical-mediated damage
to cellular membranes via lipid peroxidation, loss of cellular calcium balance,
and generation of inflammatory reaction at the site of damage; Oxidative stress:
stress on the body or organism that results from the cumulative damage done by
oxygen free radicals which are inadequately neutralized by antioxidants; Agonist:
a chemical substance capable of combining with a receptor on a cell and initiating
the same reaction or activity typically produced by the binding of an endogenous
substance; Antagonist: a chemical substance that acts through receptor to reduce
the physiological activity of another chemical or endogenous substance.
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Abstract
A I M : To o b s e r v e t h e t h e r a p e u t i c e f f e c t s o f
dexamethasone on rats with severe acute pancreatitis
(SAP) and investigate the influences of dexamethasone
on the inflammatory mediators and NF-κB expression in
multiple organs of SAP rats as well as the mechanisms
involved.
METHODS: Ninety Sprague-Dawley (SD) rats with SAP
were randomly divided into the model group (n = 45)
and dexamethasone treatment group (n = 45), and
another 45 rats were selected for the sham operation
group. All groups were randomly subdivided into the 3
h, 6 h and 12 h groups, each group containing 15 rats.
The survival of all groups and pathological changes of
multiple organs (liver, kidney and lung) were observed at
different time points after the operation. The pathological
www.wjgnet.com

score of multiple organs was carried out, followed by the
determination of amylase, endotoxin and TNF-α contents
in blood. The tissue microarray was used to detect
the expression levels of NF-κB p65 protein in multiple
organs.
RESULTS: There was no marked difference between
the model group and treatment group in the survival
rate. The amylase content of the treatment group was
significantly lower compared to the model group at
12 h (P < 0.01, 7791.00 vs 9195.00). Moreover, the
endotoxin and TNF-α levels of the treatment group were
significantly lower than that of the model group at 6 h
and 12 h (P < 0.01, 0.040 vs 0.055, 0.042 vs 0.059 and
P < 0.05, 58.30 vs 77.54, 38.70 vs 67.30, respectively).
Regarding the changes in liver NF-κB expression, the
model group significantly exceeded the sham operation
group at 3 h (P < 0.01, 1.00 vs 0.00), and the treatment
group significantly exceeded the sham operation group
at 12 h (P < 0.01, 1.00 vs 0.00), whereas no marked
difference was observed between the model group and
treatment group at all time points. The kidney NF-κB
expression level in the treatment group significantly
exceeded the model group (P < 0.05, 2.00 vs 0.00) and
the sham operation group (P < 0.01, 2.00 vs 0.00) at 12 h.
No NF-κB expression in the lung was found in any group.
CONCLUSION: Dexamethasone can lower the amylase,
endotoxin and TNF-α levels as well as mortality of SAP
rats. NF-κB plays an important role in multiple organ
injury. Further studies should be conducted to determine
whether dexamethasone can ameliorate the pathological
changes of multiple organs by reducing the NF-κB
expression in the liver and kidney. The advantages
of tissue microarrays in pancreatitis pathological
examination include time- and energy- saving, and are
highly efficient and representative. The restriction of
tissue microarrays on the representation of tissues to
various extents due to small diameter may lead to the
deviation of analysis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Severe acute pancreatitis (SAP), as one of the common
presentations of clinically acute abdomen is a systemic
disease in which the local inflammatory pathological
changes of pancreas involve multiple organs[1]. It is recently
believed the systemic inflammatory response syndrome
(SIRS) due to the excessive inflammatory reactions
plays an extremely important role in SAP pathogenesis,
which is relatively complicated [2,3]. Although the exact
pathogenesis remains unclear[4]. Studies in recent years
have found that NF-κB (nuclear factor kappa-B) which is
a main factor in the genetic transcription of inflammation,
presents high expression state in acute pancreatitis and
plays an important role in the onset and turnover of
acute pancreatitis together with other inflammatory
cytokines[5-7]. Dexamethasone is the antagonist of a nonspecific inflammatory mediator[8]. Studies have shown that
dexamethasone can lower the expression level of NF-κB
by inducing the release of NF-κB profilin (IκB)[9]. In this
study, we prepared rat SAP models by using the improved
Aho’s method[10], and investigated the therapeutic effects
of dexamethasone on the SAP rats and examined the
influences of dexamethasone on the inflammatory
mediators and NF-κB expression in multiple organs of the
rats.

MATERIALS AND METHODS
Materials
C l e a n g r a d e h e a l t hy m a l e S p r a g u e - D aw l e y ( S D )
rats weighing 250-300 g were purchased from the
Experimental Animal Center of Medical School, Zhejiang
University, China. Sodium taurocholate and sodium
pentobarbital were purchased from Sigma Company, USA.
Dexamethasone injection was purchased from Zhejiang
Xinchang Pharmaceutical Company. NF-κB p65 antibody
was purchased from Santa Cruz Company, USA. The full
automatic biochemical analyzer was used to determine the
plasma amylase level (U/L). Plasma endotoxin Tachypleus
Amebocyte Lysate Kit was purchased from Shanghai
Yihua Medical Science and Technology Corporation
(Institute of Medical Analysis in Shanghai, China), the
calculation unit for content is EU/mL. TNF-α ELISA kit
was purchased from Jingmei Bioengineering Corporation,
China, the calculation unit for content is pg/mL (ng/L).
Animal grouping
We adopted the improved Aho’s method[10] to prepare
90 SAP rat models and randomly divided into the model
group (45 rats) and treatment group (45 rats). Another
45 rats were selected as the sham operation group. All
groups were randomly subdivided into the 3, 6 and 12 h
groups, each group containing 15 rats. The dexamethasone
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treatment group was injected once with dexamethasone
(1 mL = 5 mg) via the vena caudalis, 0.5 mg/100 g body
weight 15 min after successful preparation of SAP model.
During the laparotomy in the sham operation group,
we performed pancreas and duodenum manipulation,
observed pathological changes of multiple organs and
finally closed the abdomen. The sham operation group and
model group were injected with same amount of normal
saline (0.1 mL/100 g body weight) via the vena caudalis 15
min after the operation.
Animal model preparation
Fasting and water restriction was imposed on all rat groups
12 h prior to the operation. The rats were anesthetized by
intraperitoneal injection of 20 g/L sodium pentobarbital
(0.25 mL/100 g body weight) and the operation was
performed under aseptic conditions. Model group: After
entering the abdomen via median epigastric incision, the
bile-pancreatic duct, hepatic hilus and common hepatic
duct were identified; the duodenal papilla inside the
duodenum duct wall was identified, and then a No. 5
needle was used to drill a hole in the mesenteric avascular
area. A segmental epidural catheter was inserted into
the duodenum cavity via the hole, and then inserted into
the bile-pancreatic duct toward the direction of papilla
in a retrograde way, a microvascular clamp was used to
nip the catheter head temporarily. Meanwhile, another
microvascular clamp was used to temporarily occlude the
common hepatic duct at the confluence of the hepatic
duct. After connecting the epidural catheter end with the
transfusion converter, 3.5% sodium taurocholate (0.1
mL/100 g) was transfused via the microinjection pump
at a speed of 0.2 mL/min, stayed for 4 min after injection,
and then the microvascular clamp and epidural catheter
were removed. After checking for bile leakage, the hole in
the lateral duodenal wall was sutured. A sterile cotton ball
was used to absorb up the anaesthetic in the abdominal
cavity and then the abdomen was closed.
Preparation of tissue microarrays of mutiple organs
We fixed the tissue sample with neutral formalin, prepared
the routine paraffin block (named donor block), cut
the donor block into 5- μ m thick tissue section and
carried out routine hematoxylin-eosin (HE) staining as
well as microscopic morphological observation under
microscope, and then selected the required representative
area, marked the locations on the HE sections and also on
the corresponding part of the donor block. We prepared
the blank block as the recipient block in the size of 45
mm × 20 mm × 15 mm and drilled the recipient block
with the tissue microarrays section (Beecher Instruments,
USA), the diameter of the drilling needle is 2.0 mm. In
obtaining of the donor block tissue microarrays, we used
another drilling needle (its inner diameter is equal to the
outer diameter of the former drilling needle) to drill the
marked location of paraffin block and collected the tissue
microarray. Its length was about 0.1 mm shorter than the
depth of hole. The tissue microarrays collecting method
was just the same as that of drilling the recipient block.
After pushing out the tissue microarrays, we directly
www.wjgnet.com
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inserted it or inserted it with forceps into the hole of
recipient block. After pressing the tissue microarrays
downwards with common glass slide, we used the distance
adjuster to correctly move the drilling needle to a proper
distance forward and back or right and left. This process
was repeated and could insert tens of tissue microarrays
into the recipient block in an orderly fashion. Finally, we
piled up three glass slides to press all the tissue microarrays
and thus the prepared tissue microarrays section block
had flat and smooth surface. We put the prepared tissue
microarrays section block into the paraffin block again
to make the mold, and put it into a 60℃ oven for 1 h so
that the paraffin of the tissue microarrays and recipient
block could be melted together. We took the mold out
of the oven gently, cooled the half melted paraffin at the
room temperature (about 30 min) and then cooled it in
a -20℃ refrigerator for 6 min. Later, we took the tissue
microarrays section block out of the mold and stored it in
a 4℃ refrigerator for later use. We took out the standby
paraffin block and rapidly nipped it on the sectioning
machine for correction till all the tissue microarrays were
on the same plane, then stuck the ice block on the paraffin
block for about 5 min and cut into 10-30 successive
sections of 5-μm thickness and used the ice block to freeze
the paraffin block. We repeated the above process until
finishing sectioning of the tissue, floated the successive
sections on the cool water and let it spread naturally. Then
we used the ophthalmic elbowed forceps and glass slide to
separate the sections during which the first section on the
head part of the successive sections could be stuck to the
glass slide, fixed and separated it with forceps to avoid loss
of tissue microarrays sample due to the leakage of tissue
section during separation. The sections were transferred
into 45℃ warm water to spread for 1 min to ensure their
full spreading without scattering. The sections were backed
by the glass slide processed by 10% APES acetone solution
for staining. We incubated the prepared tissue microarrays
sections into a 60℃ oven for 1 h, took them out, cooled
it at room temperature and put it into a -20℃ refrigerator
for later use.
NF-κ B p65 immunohistochemical staining (supersensitive
S-P method)
We baked the section at 60℃ for 16 h and dewaxed in a
routine fashion. We carried out antigen retrieval at high
temperature and high pressure for 2 min, dropped reagent
A to block the endogenous peroxidase, incubated at
room temperature for 10 min, followed by washing with
distilled water thrice, with biotin blocking reagent A at
room temperature for 10 min, twice with PBS for 5 min
each, with biotin blocking reagent B, at room temperature
for 10 min, and twice with PBS for 5 min each. We added
the normal goat serum-blocking liquid, incubated at room
temperature for 20 min and removed the extra liquid,
then added primary antibody (1:100 dilution), incubated
over night at 4℃, washed thrice with PBS for 5 min each,
and again incubated with secondary antibody at room
temperature for 10 min, washed thrice with PBS for 5
min each. We added streptomycete antibiotin-peroxidase
solution, put at room temperature for 10 min, washed four
www.wjgnet.com
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Table 1 Comparison of plasma amylase [M (Q R )]
Group (time/h)

3h

6h

Sham operation
Model
Treatment

2038.00 (346.00)
7423.00 (2275.00)
6739.00 (2310.00)

2117.00 (324.00)
8149.00 (1540.00)
7839.00 (2258.00)

12 h
1725.00 (434.00)
9195.00 (1298.00)
7791.00 (1863.00)

times with PBS for 5 min each, and then added freshly
prepared DAB solution for coloration. The sections were
observed under microscope and washed with distilled water.
Observational index
Survival rate: The rat mortality observed at 3 h, 6 h, and
12 h after operation and the survival rate was calculated.
Pathological changes of mutiple organs: After mercy
killing the rats anesthetized by sodium pentobarbital in
batches, the gross samples of mutiple organs (liver, kidney,
lung) were collected and observed for the pathological
changes.
NF- κ B p65 pr otein expr ession in the mutiple
organs: We applied tissue microar rays to prepare
microarray sections of the mutiple organs, and, using
immunohistochemical S-P method, observed the NF-κB
p65 protein expression and carried out the comprehensive
assessment according to the positive cell percentage: <
10% (-); 10%-20% (+); 20%-50% (++); > 50% (+++).
Statistical analysis
The statistical analysis was conducted using the SPSS11.5
software. The Kr uskal-Wallis test was applied for
comparison of the three groups. The Bonferroni test was
applied to the two-group comparison. The likelihood ratio
Chi-square test was applied to compare the survival rate.
P < 0.05 was considered statistically significant.

RESULTS
Survival rate
The 3 h, 6 h and 12 h mortality of the model group were
0% (0/15), 0% (0/15), 13.33% (2/15), respectively. The
entire survival rate was 86.67%, while the survival rate
of sham operation group and treatment group at all time
points were 100%. But the survival rate at different time
points was not significantly different between the model
group and treatment group.
Comparison of plasma amylase content of all groups
Plasma amylase content was significantly increased in
the model group and dexamethasone treatment group
compared to the sham operation group at all time points
(P < 0.001). No marked difference was observed in plasma
amylase content between the dexamethasone treatment
group and model group at 3 h and 6 h. However, plasma
amylase content was found to be significantly less in the
dexamethasone treatment group than the model group at
12 h (P < 0.01) (Table 1).
Comparison of plasma endotoxin content of all groups
Plasma endotoxin content was significantly increased in
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Table 2 Comparison of plasma endotoxin [M (Q R )]
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Table 3 Comparison of serum TNF-α [M (Q R )]

Group (time/h)

3h

6h

12 h

Group (time/h)

3h

6h

12 h

Sham operation
Model
Treatment

0.015 (0.007)
0.035 (0.0170)
0.030 (0.0140)

0.015 (0.007)
0.055 (0.025)
0.040 (0.012)

0.016 (0.005)
0.059 (0.020)
0.042 (0.018)

Sham operation
Model
Treatment

3.30 (3.60)
46.13 (37.95)
38.40 (26.60)

4.90 (2.60)
77.54 (42.16)
58.30 (26.40)

3.70 (2.30)
67.30 (32.13)
38.70 (28.50)

the model group and dexamethasone treatment group than
the sham operation group at all time points (P < 0.001).
No marked difference was observed in plasma endotoxin
content between the dexamethasone treatment group and
model group at 3 h. However, plasma endotoxin content
was found to be significantly less in the dexamethasone
treatment group compared to the model group at 6 h and
12 h (P < 0.01) (Table 2).
Comparison of serum TNF-α content of all groups
Serum TNF- α content was obviously increased in the
model g roup and dexamethasone treatment g roup
compared to the sham operation group at all time points
(P < 0.001). No obvious difference was observed in serum
TNF-α content between the dexamethasone treatment
group and model group at 3 h. Serum TNF-α content
was found to be significantly less in the dexamethasone
treatment group compared to the model group at 6 h and
12 h (P < 0.05) (Table 3).
Macroscopic and microscopic changes of the liver
Sham operation group: Macroscopically, we observed
normal color without obvious swelling of the liver in
all groups. Microscopically, roughly nor mal hepatic
tissue, slight inflammatory cell infiltration in the portal
area, normal morphous of most liver cells, some with
acidophilia apomorphosis or slight expansion and
congestion of sinus hepaticus were observed.
Model group: Macroscopically, in the 3 h group, slight
swelling of the liver was observed, and some rats had local
grey plaques with unclear boundary, while in the 6 h and
12 h groups, pale, turbid color or congestion on the liver,
and some with scattered grey plague in irregular shape
or necrosis were observed. Microscopically, we observed
swelling or acidophilia apomorphosis of the liver cells,
inflammatory cell infiltration in the portal area, expansion
and congestion of sinus hepaticus, and scattered spotty
necrosis in the hepatic lobule in the 3 h group, obvious
swelling of the liver cells, increased range and area of the
liver cell necrosis, visible focal or massive hemorrhagic
necrosis, inflammatory cell infiltration in necrosis focus,
obvious congestion of partial sinus hepaticus, bile duct
proliferation and scattered necrosis of single cell in the
portal area (concentration and fragmentation of nucelus)
in the 6 h group, obviously damaged structure of the
hepatic lobule, further increased necrosis range and area
of the liver cells, more inflammatory cell infiltration in the
lobule and/or portal area, and obvious congestion of sinus
hepaticus in the 12 h group.
Dexamethasone treatment group: Macroscopically, the
gross liver pathological changes of the dexamethasone
treatment g roup at 6 h and 12 h were milder than

those of the model group, most significantly at 12 h.
Microscopically, we obser ved slight swelling of the
liver cells, slight expansion and congestion of the sinus
hepaticus, scattered inflammatory cell infiltration but with
significantly less scale in the portal area at all time points
in the dexamethasone treatment group, while more limited
necrosis range of the liver cells, no obvious lamellar
necrosis at 6 h and 12 h groups. The gross pathological
changes of the dexamethasone treatment group were
milder than those of the model group at 6 h and 12 h,
most significantly at 12 h.
Macroscopic and microscopic changes of the kidney
Sham operation group: Macroscopically, no swelling of
the kidney with normal morphous, and no bleeding point
on the renal cortex surface were observed. Microscopically,
normal structures of renal glomerulus, renal tubule and
renal interstitium without any obvious pathological changes
were observed in most of the rats, while unclear boundary
of the renal tubular epithelial cells (especially proximal
tubule), stenosis and atresia of lumens, congestion of renal
glomerulus and interstitial edema were observed in a small
number of rats.
Model group: Macroscopically, in the 3 h group, no
obvious gross changes in the kidney, while in the 6 h and
12 h groups, renal swelling, tension of the kidney envelope,
scattered bleeding points on surface of the kidney envelope
in some rats and slight hemorrhagic urine within the pelvis
in severe cases were observed. Microscopically, in the 3 h
group, congestion of glomerular capillary, swelling of the
renal tubular epithelial cells, scattered necrosis, unclear cell
boundary, stenosis or atresia of lumens, visible protein
cast, interstitial edema and inflammatory cell infiltration,
while in the 6 h and 12 h groups, obvious congestion of
glomerular capillary, swelling of the renal tubular epithelial
cells, scattered necrosis, interstitial edema, inflammatory
cell infiltration were observed. Moreover, eosinophilic
staining floss, red cells and eosinophilic staining homogen
cast or red cell cast in the glomer ular capsule were
observed. There were expansion of renal tubule lumens in
medulla, atrophia of endothelial cells and the pathological
changes grew worse with time; lamellar necrosis of the
renal tubular epithelial cells in a small number of rats.
Dexamethasone treatment group: Macroscopically, in
the 6 h and 12 h groups, the gross pathological changes
of the dexamethasone treatment group were milder than
those of the model group. Microscopically, we observed
milder congestion of glomerular capillary, swelling of the
renal tubular epithelial cells as well as less eosinophilic
staining floss and red cells in the renal capsule and less
inflammatory cell infiltration than those of the model
group; edema of renal interstitium and scattered necrosis
www.wjgnet.com
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Table 4 The changes of expression level of NF-κB in the liver
Group

(Time/h)

Cases
-

Sham operation

Model

Treatment

3
6
12
3
6
12
3
6
12

15
15
15
15
15
13
15
15
15

15
15
15
7
10
11
12
11
9

A

Pathologic grade
+ ++ +++
0
0
0
4
3
1
1
1
3

0
0
0
4
2
1
2
3
3

0
0
0
0
0
0
0
0
0
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Figure 1 NF-κB
expressions in
the liver in the
model group-3 h,
(++) × 200 (A)
and the treatment
group-3 h, (-) ×
200 (B).

B
Table 5 Comparison of the expression level of NF-κB in the liver
[M (Q R )]
Group
Sham operation
Model
Treatment

3h

6h

0.00 (0.00)
1.00 (2.00)
0.00 (0.00)

0.00 (0.00)
0.00 (1.00)
0.00 (1.00)

12 h
0.00 (0.00)
0.00 (0.00)
0.00 (1.00)

in a small part of the renal tubular epithelial cells.
Macroscopic and microscopic changes of the lung
Sham operation group: Macroscopically, normal color
and structure of the lung on both sides, no bleeding
point on the surface and no effusion in the thoracic
cavity were observed. Microscopically, normal function
of the most lung tissues, but quite few with slight edema
and inflammatory cell infiltration of interstitium were
observed.
Model group: Macroscopically, in the 3 h group, obvious
hyperemia and edema of the pulmonary lobes on both
sides, dark red bleeding points on the local pulmonary
lobe surface, small amount of amber and dilute effusion
in the thoracic cavity, while in the 6 h and 12 h groups,
aggravated pathological changes of the lung on both sides
with prolonged time after modeling, lump-like pruinosus
plaque on the lung surface, increased effusion in the
thoracic cavity, and some hemorrhagic changes were
observed. Microscopically, in the 3 h group, edema of the
lung interstitium and alveolar space, widened interstitium
of alveolar wall, visible inflammatory cell infiltration,
telangiectasis and congestion of alveolar wall and widened
alveolar septum, while in the 6 h and 12 h groups, further
increased range of pathological changes of pulmonary
lobes, obviously increased effusion in alveolar space,
edema and bleeding of interstitium and alveolar space,
obviously widened alveolar septum, more inflammatory
cell infiltration and lucent kytoplasm of local tunica
mucosa bronchiorum epithelium were observed.
Dexamethasone treatment group: Macroscopically, no
obvious bleeding point on the pulmonary lobe surface,
sound elasticity of pulmonary lobes, no obvious effusion
in the thoracic cavity were observed; the gross lung
pathological changes were milder than those of the model
group at all time points, indicating obvious therapeutic
effects. Microscopically, most lung tissue restored normal
www.wjgnet.com

structures, and few with slight edema of interstitium
and alveolar space were observed, indicating obvious
therapeutic effects.
Changes of NF-κ B expression levels in the liver of all groups
The positive NF-κB staining was located in the cytoplasm
of the liver cells. The NF-κB expressions were all negative
in the sham operation group at different time points, partly
negative and partly + or ++ at 3 h in the model group.
Most expressions of the model group were negative at 6 h
and 12 h and a small part + or ++, while the negative rate
of the model group at 12 h surpassed that at 6 h. There
was no marked difference among all groups at 6 h. There
was no marked difference between the model group and
treatment group at all time points. However, the model
group significantly exceeded the sham operation group
at 3 h (P < 0.01) and the treatment group significantly
exceeded the sham operation group at 12 h (P < 0.01)
(Tables 4 and 5, Figure 1A and B).
Changes of NF-κ B expression levels in the kidney of all
groups
The positive NF-κB staining was located in the cytoplasm
of renal tubular epithelial cells (Table 3). The expressions
of the sham operation group were all negative at different
time points. Most expressions of the model group were
negative at 3 h and 6 h and a small part + or ++. The
expressions of the model group were all negative at 12 h.
Most expressions of the treatment group were negative
at 3 h and a quite small part + or ++. Most expressions
of the treatment group were negative at 6 h and a quite
small part ++. The expressions of the treatment group
were partly negative and partly + or ++ at 12 h. There
were no marked differences between the model group and
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Table 6 The changes of expression level of NF-κB in the kidney
Group

(Time/h)

Cases
-

Sham operation

Model

Treatment

3
6
12
3
6
12
3
6
12

15
15
15
15
15
13
15
15
15

15
15
15
13
12
13
12
13
9

A

Pathologic grade
+ ++ +++
0
0
0
1
1
0
2
0
2

0
0
0
1
2
0
1
2
3

0
0
0
0
0
0
0
0
1
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Figure 2 NF-κB
expressions in
the kidney in the
sham operation
group-12 h, (-) ×
200 (A), model
group-6 h, (++) ×
200 (B) and model
group-12 h, (++) ×
200 (C).

B
Table 7 Comparison of the expression level of NF-κB in the
kidney [M (Q R )]
Group
Sham operation
Model
Treatment

3h

6h

0.00 (0.00)
0.00 (0.00)
0.00 (0.00)

0.00 (0.00)
0.00 (0.00)
0.00 (0.00)

12 h
0.00 (0.00)
0.00 (0.00)
0.00 (2.00)

treatment group at all time points, moreover, no obvious
differences among all groups at 3 h and 6 h. However, the
treatment group significantly exceeded the model group
(P < 0.05) and sham operation group (P < 0.01) at 12 h
(Tables 6 and 7, Figure 2A, B and C).

C

Changes of NF-κ B expression levels in the lung of all
groups
NF-κB expressions in the lung of all groups were negative
(Figure 3).

DISCUSSION
As one of the common clinical acute abdomen, severe
acute pancreatitis (SAP) usually accompanied by the
obvious inflammatory reactions besides local pathological
injuries can lead to systemic inflammatory response
syndrome (SIRS) or even the complication of multiple
organ injury, further multiple organ dysfunction syndrome
(MODS)[11], resulting in quite high mortality. Although
people have conducted enor mous studies on AP
pathogenesis and brought forward many valuable theories
such as the theory of oxygen-free radicals[12], the exact
mechanism remains unclear. Studies in recent years have
proven that the activation of NF-κB plays an extremely
important role in the onset process of SAP[7,13,14].
NF-κB, a protein with multi-attribute transcriptionregulating effect, consists of NF-κB/Rel protein family
members. NF-κB is usually combined with NF-κB profilin
(IκB) to form an inactive trimer that cannot enter the
cell nucleus but exists in the cytoplasm[15,16]. A series of
enzymes can be activated through signal transduction
pathway after the stimulation of TNF- α , IL-1, LPS [17]
to activate NF- κ B and next I κ B kinase to realize the
phosphorylation of I κ B. When I κ B falls off the NFκB complex, the activated NF-κB will move into the cell
nucleus, bind to the κB structural domain of the promoter

Figure 3 NF-κB
expressions in
the lung in the
sham operation
group-3 h, (-) ×
200.

or enhancer of target gene and cause the transcription
of many factors [18-20], including cytokines, chemotatic
factor, macrophage chemotactic peptide, cellular adhesion
molecule, growth factor, immune receptor and acute phase
reactive protein.
The NF-κB p65 involved in this experiment is one of
the important composing members of NF-κB/Rel family
with 65 000 of relative molecular weight. Its most common
www.wjgnet.com
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form in cell is the heterotic dimer of NF-κB consisting
of p65 and p50. When resting, it is combined with its
inhibitor IκB to exist in the cytoplasm. When stimulated,
the NF-κB will be transferred into nucleus through IκB
degradation to combine the κB sequence of the promoter
and enhancer area of the regulated gene, promote the
transcription of these genes [5] and participate in the
tissue injury caused by manifold factors[21]. Tietz et al[22]
respectively determined the serum concentration of
TNF-α and IL-6 as well as their mRNA expression levels
in mice with acute pancreatitis through ELISA and RTPCR methods, and found that the genetic expression of
inflammation promoting cytokines like TNF-α and IL-6
played an extremely important role in the progression of
acute pancreatitis.
Dexamethasone, a kind of glucocorticoid, can inhibit
the gene synthesis of manifold inflammatory mediators
and inhibit inflammatory mediators by increasing the
synthesis of anti-inflammatory protein [8]. The possible
mechanism for dexamethasone inhibition of NF- κ B
activation could be: (1) As a hormone where the ligand
binds to its corresponding receptor and activates it. The
activated glucocorticoid receptor directly couples the
RelA subunit of NF-κB in the cell nucleus to inhibit the
functions of NF- κ B. (2) The activated glucocorticoid
receptor blocks the nucleus shifting of NF- κ B and
its combination with DNA by enhancing the genetic
transcription of IκB and raising its level.
Acute liver injury is also a common complication
of SAP. Studies found that NF-κB plays an important
role in the liver injury process of SAP rats[23,24]. NF-κB
after activation can promote liver injury by promoting
the genetic transcription of TNF- α and IL-6 [25]. NFκ B inhibitor can protect the liver by inhibiting the
activation of NF-κB. Some studies believe liver cells are
not only target cells of SAP liver injury but also could
be the effector cells of inflammatory reactions secreting
cytokines. They can act on the liver cells through autocrine
or paracrine fashion to aggravate the liver injury[26]. In this
experiment, we observed the rise of NF-κB p65- positive
cell percentage and expression of manifold inflammationinducing factors which participated in the liver injury
complicated with SAP. The positive cell percentage of
the dexamethasone treatment group dropped at 3 h and
6 h possibly because dexamethasone had inhibited the
activation of NF-κB, reduced the expression of relevant
cytokines and thereby alleviated the liver injury. It should
be mentioned that the positive cell rate of the treatment
group had risen compared with the model group at 12 h,
while the statistical results showed no marked difference
between the model group and treatment group at all time
points. Theoretically, the positive cell rate should decline
possibly due to the following factors: (1) With features
like time- and energy- saving and high efficiency, the
tissue microarray sections of 2.0 mm in diameter may not
reflect the whole tissue picture and, to a certain extent, its
representation is limited. (2) With different case numbers,
the two groups cannot be compared directly. Statistical
results showed no marked difference between the model
group and treatment group at all time points; (3) There
were also possible faults in reagent selection and staining.
www.wjgnet.com
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Acute kidney injur y is also one of the common
complications of SAP with few relevant reports currently.
In this experiment, the NF-κB expression level of the
treatment group significantly exceeded that of the model
group at 12 h after dexamethasone treatment, which is
contradictory to the theory to certain extent and we can
hardly understand. The reason could resemble that of
the aforementioned liver. The main reason is still that the
representation of tissue microarrays sections of 2.0 mm
in diameter is doubtful and could lead to the deviation of
the experimental results. We have planned to select three
2.0-mm points for each tissue in subsequent studies to
ensure the representation of tissue. In common studies,
the determination and analysis of a single index usually
could pose many limitations. Therefore, we add the
determination of multiple indexes into the experiment
including the plasma amylase content, plasma endotoxin
content and serum TNF-α content in order to completely
evaluate the therapeutic effects and mechanism of
dexamethasone.
Acute lung injury is one of the most common severe
complications of SAP[27]. The mechanism responsible for
acute lung injury caused by SAP is quite complicated and
remains unclear till now. It is now believed that pancreatin,
adhension molecule, neutrophil, various inflammatory
mediators, etc play extremely important roles in the onset
process[28-30]. It has been shown an increase in expression
of manifold inflammation-inducing cytokines in the
lung tissue at early injury stage, while the activation of
transcription factor NF-κB can stimulate the expression
of manifold cytokines. Studies show the selective use of
NF-κB inhibitor can markedly lower the injury degree
of the pancreas and lung, indicating the important role
of NF-κB in SAP complicated with the lung injury[31-33].
This experiment has observed the NF-κB p65 expression
in the lung tissue but the NF-κB expression levels in the
lungs of all groups were negative, indicating that the nonexpression of NF-κB p65 in the lung could be related to
the reagents. The reagents used in this experiment did not
stain in the lung.
In conclusion, NF- κ B plays an important role in
multiple organ injury. Further studies should be conducted
to determine whether dexamethasone could alleviate the
pathological changes of multiple organs by reducing the
NF-κB expression of the liver and kidney. The advantages
of tissue microar rays in pancreatitis pathological
examination include saving time and energy, they are
highly efficient and representative. The restriction on the
representation of tissues to various extents due to small
diameter may lead to the deviation of analysis.
Produced mainly by the pancreas, amylase (AMS) has
an important effect on digestion of polysaccharide in
food and acute pancreatitis is the most common cause of
its rise. The rising degree of AMS activity is not certainly
related to the injury degree of pancreatic tissue. But the
more obviously AMS rises, the more severe the injury
becomes. Our study showed that the amylase content
of the model group increased with time and the amylase
content in plasma dropped after treatment.
Endotoxin is a kind of compound of lipopolysaccharide
(LPS) and small protein (Protein) on the cell wall of Gram-
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negative bacteria. It is specific not because it is a bacteria
or metabolite of bacteria but a substance with endotoxin
bioactivity only released after death or disintegration
of bacteria. Its chemical composition mainly consists
of O-specific chain, core polysaccharide and lipoid A.
Endotoxemia results when the endotoxin can be detected
in the circulatory blood, which could cause a series of
pathophysiological changes including sepsis, shock, and
diffuse intravascular coagulation and multiple organ
dysfunction syndrome (MODS). The role of endotoxin in
onset of acute pancreatitis covers the following aspects:
(1) Interfering the normal function of cell membrane by
non-specific combination with it; (2) Directly destroying
the lysosomal membrane within cells of mononuclear
phagocytic system to cause cell damage; (3) Damaging
mitochondria structure, affecting the coupling process
of ATP enzyme and oxidative phosphorylation and
causing disturbance in energy metabolism; (4) Changing
the immune function of body; (5) Causing a series of
pathological or pathophysiological changes of body,
affecting the vasomotor function, activating vasoactive
substance, reducing platelet and leukocyte, lowering blood
pressure or even causing DIC, MOSF, etc.
Mainly generated from the activated mononuclear
macrophage, TNF-α is a kind of polypeptide cytokine
with extensive biologic activities. The secretion of
appropriate amounts of TNF-α had protecting effects and
can promote the chemotaxis and antimicrobial effects of
PMN, macrophage and eosinophile granulocyte and is one
of the defense mechanisms of the body. The excessive
secretion of TNF-α could cause inflammatory reactions.
High concentration of TNF-α entering the blood flow
could also cause fever, drop of blood pressure and
reduction of tissue perfusion through lowering myocardial
contraction force and tension of vascular smooth muscle
as well as metabolic disorder, organ injury and even multisystem damage. It has potentially lethal effects.
Our experiment found no marked difference in
the plasma amylase content at 3 h and 6 h between the
treatment group and model group, while the plasma
amylase content of the treatment group was significantly
lower than that of the model group at 12 h (P < 0.01).
The plasma endotoxin content of the treatment group was
significantly lower than that of the model group at 6 h and
12 h (P < 0.01). The serum TNF-α level of the treatment
group was significantly lower than that of the model
group at 6 h and 12 h (P < 0.05). Thus, it is concluded
that dexamethasone can lower the plasma amylase, plasma
endotoxin and serum TNF-α content of rats with SAP as
well as their mortality.
The tissue microarrays (TMA) technology adopted
by us in this study is exactly the new biochip technology
cur rently extensively applied to basic and clinical
applications as well as in other fields. The tissue microarray
technology has exceeded the traditional histopathological
section technology which is single in sample and low in
efficiency[34]. The advantages of TMA are high-throughput,
economic, time-saving, reliable result, convenient for
experimental control, etc. Since the most distinguished
feature of tissue microarrays is to combine the study of
gene and its expression products with histomorphology,
it possesses great potential in oncopathology studies[35,36],
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and current studies also mainly focus on this area[37-44]. The
chip preparation, staining, examination, etc have restrained
the application of this technology in non-tumor diseases.
To the best of our knowledge, there was no study report
in literature on applying tissue microarrays to pancreatitis
pathological examination before our experiment was
conducted. Thus this article has taken the lead.
We used the tissue microarray section maker (Beecher
Instruments, USA) to drill a hole of 2.0 mm in diameter on
recipient block and combined the immunohistochemical
method to examine the NF-κB expression levels of the
multiple organs. The experimental results are unsatisfactory
mainly because the tissue representation has been restricted
to different extents due to the small diameter. However,
there are advantages of tissue microarrays shown in its
application in the pathological examination of pancreatitis,
including time- and energy-saving and high efficiency.
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Abstract
A I M : To i n v e s t i g a t e t h e s u p p r e s s i v e e f f e c t o f
saikosaponin-d (SSd) on hepatic fibrosis in rats induced
by CCl4 injections in combination with alcohol and high
fat, low protein feeding and its relationship with the
expression of nuclear factor-κB (NF-κB), tumor necrosis
factor-alpha (TNF-α) and interleukins-6 (IL-6).
METHODS: Hepatic fibrosis models were induced by
subcutaneous injection of CCl4 at a dosage of 3 mL/kg
in rats. At the same time, rats in treatment groups were
injected intraperitoneally with SSd at different doses (1.0,
1.5 and 2.0 mg/kg) once daily for 6 wk in combination
with CCl 4, while the control group received olive oil
instead of CCl4. At the end of the experiment, rats were
anesthetized and killed (except for 8 rats which died
during the experiment; 2 from the model group, 3 in
high-dose group, 1 in medium-dose group and 2 in lowdose group). Hematoxylin and eosin (HE) staining and
Van Gieson staining were used to examine the changes
in liver pathology. The levels of alanine aminotransferase
(ALT), triglyeride (TG), albumin (ALB), globulin (GLB),
hyaluronic acid (HA) and laminin (LN) in serum and the
content of hydroxyproline (HYP) in liver were measured
by biochemical examinations and radioimmuneoassay,
respectively. In addition, the expression of TNF-α and
IL-6 in liver homogenate was evaluated by enzymelinked immunosorbent assay (ELISA) and the levels of
NF-κBp65 and I-κBα in liver tissue were analyzed by
Western blotting.
RESULTS: Both histological examination and Van Gieson
staining demonstrated that SSd could attenuate the area
and extent of necrosis and reduce the scores of liver
fibrosis. Similarly, the levels of ALT, TG, GLB, HA, and

LN in serum, and the contents of HYP, TNF-α and IL-6
in liver were all significantly increased in model group
in comparison with those in control group. Whereas,
the treatment with SSd markedly reduced all the above
parameters compared with the model group, especially
in the medium group (ALT: 412 ± 94.5 IU/L vs 113.76
± 14.91 IU/L, TG: 0.95 ± 0.16 mmol/L vs 0.51 ± 0.06
mmol/L, GLB: 35.62 ± 3.28 g/L vs 24.82 ± 2.73 g/L, HA:
42.15 ± 8.25 ng/mL vs 19.83 ± 3.12 ng/mL, LN: 27.56
± 4.21 ng/mL vs 13.78 ± 2.57 ng/mL, HYP: 27.32 ± 4.32
μg/mg vs 16.20 ± 3.12 μg/mg, TNF-α: 4.38 ± 0.76 ng/L
vs 1.94 ± 0.27 ng/L, IL-6: 28.24 ± 6.37 pg/g vs 12.72 ±
5.26 pg/g, respectively, P < 0.01). SSd also decreased
ALB in serum (28.49 ± 4.93 g/L vs 37.51 ± 3.17 g/L, P <
0.05). Moreover, the expression of NF-kB p65 in the liver
of treated groups was lower than that in model groups
while the expression of I-κBα was higher in treated
group than in model group (P < 0.01). The expression of
NF-κBp65 and TNF-α had a positive correlation with the
level of HA in serum of rats after treatment with CCl4 (r
= 0.862, P < 0.01; r = 0.928, P < 0.01, respectively).
CONCLUSION: SSd attenuates CCl 4-induced hepatic
fibrosis in rats, which may be related to its effects of
hepato-protective and anti-inflammation properties,
the down-regulation of liver TNF-α, IL-6 and NF-κBp65
expression and the increased I-κBα activity in liver.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatic fibrosis represents the wound healing response of
the liver to repeated liver injuries, and is associated with
increased inflammatory cell infiltration and may involve
the interplay of different inflammatory mediators, which
is a common stage in most chronic liver diseases[1-5]. If
treated properly in this stage, hepatic fibrosis can be
www.wjgnet.com
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reversed and its progression to irreversible cirrhosis often
leading to lethal complications and high mortality may
be prevented[6-9]. Nuclear factor-κB (NF-κB) as a critical
component in inflammatory conditions can produce
proinflammatory cytokines such as tumor necrosis
factor-alpha (TNF-α) and interleukin-6 (IL-6), which are
involved in the process of fibrogenesis[10-13]. Therefore,
suppressing the inflammatory response and reducing
the release of proinflammatory cytokines such as NFκB, TNF-α and IL-6, may prevent and reverse hepatic
fibrosis. Saikosaponin-d (SSd) is a major active component
extracted from the root of Bupleurum falcatum. It
has been demonstrated that SSd has a wide variety
of pharmacological activities, such as liver-protective
activity, and anti-hepatic fibrosis or anti-microbial or antitumor and anti-inflammatory activities[14-17]. However, its
molecular mechanism involved in therapeutic effects of
SSd on hepatic fibrosis has not been completely elucidated.
Our present study was designed to further evaluate the
effect of SSd on hepatic fibrosis in rats induced by CCl4
and its relationship with the expression of NF-κB, TNF-α
and IL-6.

MATERIALS AND METHODS
Reagents
SSd was purchased from Jiangxi Herbfine Hi-tech Co.
Ltd. CCl 4 (Xi’an Chemical Factory) was diluted into
400 g/L in olive oil before it was used. Enzyme-linked
immunosorbent assay (ELISA) kit for mouse TNF-α and
IL-6 was purchased from R&D Systems Co. Ltd (USA).
Hydroxyproline (HYP) assay kit was a product of Nanjing
Jiancheng Bioengineering Institute. Kits for HA and LN
were bought from Senxiong Company, Shanghai, China.
Polyclonal rabbit anti-rat P65 and I-κBα were purchased
from Santa Cruz Biotechnology (USA). HRP-labeled goatanti-rabbit IgG was obtained from HuaMei Company,
Shanghai, China.
Animals
Seventy-five adult male SD rats weighing 160-200 g were
provided by the Laboratory Animal Center of Medical
College, Xi’an Jiaotong University. The rats were randomly
divided into 5 groups (n = 15): control group, model
group, and three treatment groups. Except for the control
rats, all rats were subcutaneously injected with 400 g/L
CCl4 (CCl4: olive oil = 2:3), 3 mL/kg, b.w, at every 3 d
for 6 wk, and fed with high fat, low protein diet (75%
pure maize plus 20% lard and 0.5% cholesterol) and 300
mL/L alcohol in the drinking water. In the 3 treatment
groups, SSd was administered daily, via intraperitoneal
injection at a dosage of 2.0, 1.5 and 1.0 mg/kg for 6 wk,
respectively. After 6 wk, all rats were anesthetized with 200
g/L urethane (5 mL/kg, abdominal injection). Blood was
taken from the abdominal aorta. Serum was separated by
centrifugation at 4℃ and kept at -20℃ for assay. Liver tissue
was homogenized in cold saline for pathological diagnosis.
Light microscopic examination
Liver tissue was fixed in a 40 g/L solution of formaldehyde
www.wjgnet.com
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in 0.1 mol/L phosphate-buffed saline (pH 7.4), and
embedded in paraffin. Five-micrometer thick sections were
prepared. All the sections stained with HE and standard
Van Gieson (VG) were coded and scored by blind reading.
Van Gieson’s method was used to detect collagen fibers[18].
Liver condition was classified according to the standard
formulated by China Medical Association in 1995[19], and
fibrosis was graded from 0 to 4 (0: no fibrosis; 1: portal
area fibrosis; 2: fibrotic septa between portal tracts; 3:
fibrosis septa and structure disturbance of hepatic lobule
and 4: cirrhosis).
Biochemical determination
Serum levels of alanine transaminase (ALT), albumin
(ALB), triglyeride (TG) and globulin (GLB) were measured
by routine laboratory methods using a 7170-automatic
biochemistry analyzer (Tokyo, Japan). Serum hyaluronic
acid (HA) and laminin (LN) were detected by
radioimmunoassay, and the content of hydroxyproline
(HYP) in liver was determined according to the method
described by Jamall et al[20]. The contents of TNF-α and
IL-6 protein in liver homogenate were determined by ELISA
according to the corresponding protocols of the kits.
Western blotting detection
Nuclear and cytosolic protein extracts were prepared
according to manufacturer’s instructions provided with
the kits (Active Motif Corp, USA). Nuclear or cytosolic
proteins (100 μg each) were run on a 10% SDS-PAGE gel
and transferred electrophoretically onto a nitro-cellulose
membrane respectively (Shanghai Huashun Corp, China).
The membrane was blocked overnight with 10% nonfat
milk prior to incubation with polyclonal rabbit antirat I-κBα antibody (1:800) or anti-NF-κBp65 antibody
(1:1000) at room temperature for 2 h. After washed with
PBS, the blots were incubated with HRP-labeled goat-antirabbit serum for 1 h and colored on X-ray film by ECL.
Statistical analysis
Quantitative data were analyzed using ANOVA by SPSS
13.0 statistic package and RIDIT test was used for
statistical analysis of the qualitative data. All data were
expressed as mean ± SD. The correlation was analyzed
by Spearman’s correlation analysis. All P values were twotailed. P < 0.05 was considered statistically significant.

RESULTS
Pathological assay
At the end of the experiment, liver tissue samples from
control rats showed normal lobular architecture with
central veins and radiating hepatic cords (Figure 1A).
Liver tissue samples from model group showed that more
fibrous tissues were formed extending into the hepatic
lobules to separate them completely. A large number
of inflammatory cells infiltrated in the intralobular and
interlobular regions. The liver structure was disordered
and there were more necrotic and fatty degenerated liver
cells compared with the controls (Figures 1B and 1D). In
the 3 treatment groups, however, hepatocyte degeneration,
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Figure 1 Light microscopy showing normal liver tissue in control group (A) (HE × 100), degenerated and necrotic liver cells associated with inflammatory cells in model
group (B) (HE × 40), attenuated necrosis and infiltration of inflammatory cells after SSd treatment (C) (HE × 40), collagen fibers deposited in spaces of Disse and formation
of pseudoloculi in model group (D) (Van Gieson × 40), and liver fibrosis tissue in SSd group (E). The pathological change of liver was much milder in SSd group than in
model group (Van Gieson × 40).

necrosis and infiltration of inflammatory cells were all
apparently ameliorated and collagen deposition was also
markedly reduced (Figures 1C and 1E). Compared with
model group, the liver condition of rats in SSd treatment
groups was significantly improved (Table 1).
Detection of serum HA, LN and liver function
As is shown in Figure 2A, HA and LN levels in serum
were significantly higher in model group than in the
controls, but they were markedly decreased in 3 treatment
groups compared with the model group. Compared with
the controls, the serum ALT, TG and GLB levels in model
group were all significantly increased while the level of
ALB was decreased (P < 0.001, P < 0.05), respectively.
However, the levels of ALT, TG and GLB were all in the
3 treatment groups, especially in the group receiving the
middle dose of SSd, and the level of ALB was increased
compared with the model group (P < 0.05) (Table 2).
TNF-α, IL-6 and HYP contents in liver tissue
The contents of TNF-α, IL-6 and HYP were all significantly
lower in SSd treatment groups than in the model group
(Figures 2B and 2C). Furthermore, among the 3 treatment
groups the high-dose group showed the best effect. The
liver HYP level in three SSd treatment groups and TNF-α,
IL-6 content in high-dose group were higher than those in
the controls, with no significant difference between them (P
> 0.05). However, there was a significant difference in the
contents of TNF-α, IL-6 between low- and medium-SSd
treatment groups and control group (P < 0.05).
Western blot analysis
NF-κBp65 expression was increased significantly in model
group compared with the control group, whereas it was

Table 1 Pathological observation of liver condition
Group

n

U

Liver condition
0

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Model

13

0

0

0

4

9

High-dose

12

0

5

3

2

2

3.26a

Medium-dose

14

0

6

4

3

1

4.17b

Low-dose

13

0

3

2

6

2

2.96a

U represents the RIDIT value of the two groups, P < 0.05 indicates U > 1.96,
P < 0.01 indicates U > 2.58. aP < 0.05, bP < 0.01 vs model group.

markedly decreased in all SSd treatment groups (P < 0.01),
especial in the high-dose group. There was no significant
difference in the expression of NF-κBp65 between SSd
treatment groups and control group (P > 0.05) (Figure
2D). On the contrary, its inhibitory IκBα was significantly
decreased in model group while increased in SSd treatment
group compared with the model group (P < 0.01) (Figures
3A and 3B). Therefore, SSd could significantly inhibit
the activation of NF-κB, which might be associated with
increased I-κBα degradation.
Correlation analysis
Correlation analysis revealed that NF-κBp65 had a highly
positive correlation with the expression of TNF-α protein
(r = 0.823, P < 0.01). Both NF-κBp65 and TNF-α had a
strong positive correlation with the levels of HA in serum
of rats induced by CCl4 (r = 0.862, P < 0.01; r = 0.928, P
< 0.01, respectively).

DISCUSSION
Hepatic fibrosis is a chronic inflammation-associated
www.wjgnet.com
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Table 2 Serum level of ALT, ALB, GLB, TG and liver HYP (mean ± SD)
Group

n

Control

15

67.58 ± 11.21

41.12 ± 2.54

21.48 ± 3.24

0.39 ± 0.08

9.80 ± 1.07

Model

13

412 ± 94.50

28.49 ± 4.93

35.62 ± 3.28

0.95 ± 0.16

27.54 ± 4.32

High-dose

12

173.09 ± 24.62b,c

35.73 ± 2.73a

25.59 ± 3.61a

0.61 ± 0.10b

12.83 ± 2.54a,d

14

a,d

a

a

a

16.20 ± 3.12b,d

b

14.38 ± 2.18b,d

Medium-dose
Low-dose

ALT (IU/L)

ALB (g/L)

113.76 ± 14.91

37.51 ± 3.17

b,c

13

GLB (g/L)

24.82 ± 2.73

b

152.86 ± 19.19

b

34.31 ± 4.52

27.51 ± 2.41

TG (mmol/L)

Liver HYP (μg/mg protein)

0.51 ± 0.06
0.58 ± 0.07

ALT: Alanine aminotransferase; ALB: Albumin; GLB: Globulin; TG: Triglyeride; HYP: Hydroxyproline. aP < 0.05, bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs
model group.
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Figure 2 Analysis of serum LN and HA levels (A), expressions of TNF-α (B), IL-6 (C), and NF-kBp65 and I-kBα (D) in liver tissue after treatment with SSd. bP < 0.01 vs
control group; dP < 0.01 vs model group.

d i s e a s e, w h i ch i s i nvo l ve d i n t h e i n f i l t r a t i o n o f
inflammatory cells and releasing of proinflammatory
cytokines, such as TNF-α and IL-6. As a result, hepatic
stellate cells (HSCs) are transformed into myofibroblast
cells to synthesize more collagen and proteoglycans,
increasing deposition and altered composition of extracellular matrix (ECM) in liver[21-24]. Based on the current
knowledge, a “three-step cascade theory of inflammation
involving in liver fibrogenesis” including preinflammatory
phases 1-3, has been proposed by Gressner [25], which
implies that multiple inflammatory cell interactions with
Kupffer cells, platelets, endothelial cells and hepatocytes
mediated by various cytokines and growth factors (TNF-α,
IL-6 and TGF- β ) are involved in the mechanism of
fibrogenesis. Therefore, suppressing the inflammatory
response can prevent and reverse hepatic fibrosis. Our
www.wjgnet.com

study showed that, 6 wk treatment with SSd, especially
at the middle dose used, could decrease serum levels of
ALT, TG, GLB and ALB in rats with hepatic injury caused
by CCl 4. Histological examination also demonstrated
that a large number of inflammatory cells infiltrated the
intralobular and interlobular regions, more fibrous tissue
was formed and the margin of liver was uneven in model
group compared with the control group. In contrast, SSd
especially its medium-dose could obviously attenuate
the extent of necrosis and reduce the immigration of
inflammatory cells compared with the model group, and
no pseudoloculus could be observed. Moreover, SSd could
decrease the scores of hepatic fibrosis grading (Table 1),
indicating that SSd can significantly protect liver against
fibrosis, which may be related to its inhibitory effects
on inflammation. These findings are consistent with
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previously reported results[26]. It has been demonstrated
that SSd has marked inhibitory actions on the processes of
inflammation, including capillary permeability, releasing of
inflammation mediators, leukoplasia and desmoplasia[15,27,28].
In addition, SSd can increase serum concentrations of
adrenocorticotropic hormone and corticosterone [29] as
well as corticotropin-releasing factor (mRNA) level in the
hypothalamus[16].
HA and LN levels in serum and HYP in liver are
the important indices reflecting the degree of hepatic
fibrosis[30-32]. In this study, the contents of HA and LN in
serum and HYP in liver were much higher than those in
the controls, but markedly lower in treatment groups (P <
0.01), indicating that SSd can prevent hepatic fibrosis due
to chronic liver injury, thus delaying the development of
cirrhosis.
Recent studies have identified NF- κ B as a critical
component to bridg e inf lammation by producing
proinflammatory cytokines (such as TNF-α and IL-6) and
more ECM in liver, thus further boosting inflammatory
processes and activating HSCs[21-23,33-36]. It was also reported
that TNF-α released from activating macrophages can
turn up NF-κB activity both in target tissue cells and in
macrophages themselves[37-40].
NF-κB is a transcription factor consisting of p65 and
p50 subunits of the Rel protein family[41]. In most cells, it
binds to its inhibitory counterpart I-κBα and other IκB
proteins to form P65-P50-IκB trimer which is located in
the cytoplasm as an inactive complex. Following I-κBα
degradation by a complex signaling cascade initiated on the
cell surface, the activated NF-κBp65 disassociates from
I-κBα and shifts into nuclei where it binds to specific
DNA motifs to regulate transcriptional activity of its
target genes involved in HSC activation[42], releasing of
proinflammatory cytokines including IL-6 and TNF-α.
Thus, inhabiting IκBα phosphorylation is an indispensable
step to activate the NF-κB signaling pathway[43-46]. In the
present study, NF-κBp65 expression increased significantly
in model group compared with normal control group,
whereas it was markedly decreased in all SSd treatment
groups, especial in the high-dose group. There was no
difference in the expression of NF-κBp65 between SSd
treatment groups and control group. On the contrary, its
inhibitory I-κBα was significantly lower in model group
but higher in SSd treatment group, suggesting that SSd can
significantly inhibit the activation of NF-κBp65, which
may be associated with a reduction in I-κBα degradation.
In addition, Spearman’s correlation analysis showed
that NF-κBp65 was highly correlated with the expression
of TNF-α protein (r = 0.823, P < 0.01) and both of them
had a strong positive correlation with the serum levels of
HA induced by CCl4 (r = 0.862, P < 0.01; r = 0.928, P <
0.01, respectively).
In conclusion, SSd has beneficial effects on hepatic
fibrosis. Down-regulation of TNF-α, IL-6 and NF-κBp65
expression and increased I-κBα activity of SSd in rat liver
may play an important role in the improvement of hepatic
fibrosis induced by CCl4. Since hepatic fibrogenesis is a
very complicated process, the underlying mechanisms of
SSd remain to be further explored.
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Figure 3 Images of Western blotting of NF-κBp65 (A) and I-κBα (B) in liver
tissue of rats. Lane 1: NF-κBp65 and I-κBα protein in control group; lane 2: NFκBp65 and I-κBα in model group; lanes 3-5: NF-κBp65 and I-κBα in SSd group
(from low to high-dose group).
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Abstract
AIM: To investigate the protective effects and possible
mechanisms of Veratrum nigrum L.var. ussuriense Nakai
alkaloids (VnA) on hepatic ischemia/reperfusion (I/R)
injury in rats.
METHODS: Forty male Wistar rats were randomly
divided into four experimental groups (n = 10 in each):
(A) Control group (the sham operation group); (B) I/R
group (pretreated with normal saline); (C) Small-dose
(10 mg/kg) VnA pretreatment group; (D) Large-dose
(20 mg/kg) VnA pretreatment group. Hepatic ischemia/
reperfusion (Hepatic I/R) was induced by occlusion of the
portal vein and the hepatic artery for 90 min, followed
by reperfusion for 240 min. The pretreatment groups
were administered with VnA intraperitoneally, 30 min
before surgery, while the control group and I/R group
were given equal volumes of normal saline. Superoxide
dismutase (SOD) activity, myeloperoxidase (MPO) activity
and nitric oxide (NO) content in the liver tissue at the
end of reperfusion were determined and liver function
was measured. The expression of intercellular adhesion
molecule-1 (ICAM-1) and E-selectin (ES) were detected
by immunohistochemical examinations and Western blot
analyses.
RESULTS: The results showed that hepatic I/R elicited
a significant increase in the plasma levels of alanine
aminotransferase (ALT: 74.53 ± 2.58 IU/L vs 1512.54
± 200.76 IU/L, P < 0.01) and lactic dehydrogenase
(LDH: 473.48 ± 52.17 IU/L vs 5821.53 ± 163.69 IU/L,
P < 0.01), as well as the levels of MPO (1.97 ± 0.11
www.wjgnet.com

U/g vs 2.57 ± 0.13 U/g, P < 0.01) and NO (69.37 ±
1.52 mmol/g protein vs 78.39 ± 2.28 mmol/g protein, P
< 0.01) in the liver tissue, all of which were reduced by
pretreatment with VnA, respectively (ALT: 1512.54 ±
200.76 IU/L vs 977.93 ± 89.62 IU/L, 909.81 ± 132.76
IU/L, P < 0.01, P < 0.01; LDH: 5821.53 ± 163.69 IU/L
vs 3015.44 ± 253.01 IU/L, 2448.75 ± 169.4 IU/L, P <
0.01, P < 0.01; MPO: 2.57 ± 0.13 U/g vs 2.13 ± 0.13 U/g,
2.07 ± 0.05 U/g, P < 0.01, P < 0.01; NO: 78.39 ± 2.28
mmol/g protein vs 71.11 ± 1.73 mmol/g protein, 68.58 ±
1.95 mmol/g protein, P < 0.05, P < 0.01). The activity of
SOD (361.75 ± 16.22 U/mg protein vs 263.19 ± 12.10
U/mg protein, P < 0.01) in the liver tissue was decreased
after I/R, which was enhanced by VnA pretreatment
(263.19 ± 12.10 U/mg protein vs 299.40 ± 10.80 U/mg
protein, 302.09 ± 14.80 U/mg protein, P < 0.05, P <
0.05). Simultaneously, the histological evidence of liver
hemorrhage, polymorphonuclear neutrophil infiltration
and the overexpression of ICAM-1 and E-selectin in the
liver tissue were observed, all of which were attenuated
in the VnA pretreated groups.
CONCLUSION: The results demonstrate that VnA
pretreatment exerts significant protection against hepatic
I/R injury in rats. The protective effects are possibly
associated with enhancement of antioxidant capacity,
reduction of inflammatory responses and suppressed
expression of ICAM-1 and E-selectin.
© 2007 The WJG Press. All rights reserved.

Key words: Veratrum nigrum L.var. ussuriense Nakai
alkaloids ; Hepatic Ischemia/Reperfusion Injury;
Intracellular adhesion molecule-1; E-selectin

Wang ZZ, Zhao WJ, Zhang XS, Tian XF, Wang YZ, Zhang
F, Yuan JC, Han GZ, Liu KX, Yao JH. Protection of Veratrum
nigrum L. var. ussuriense Nakai alkaloids against ischemiareperfusion injury of the rat liver. World J Gastroenterol
2007; 13(4): 564-571

http://www.wjgnet.com/1007-9327/13/564.asp

INTRODUCTION
Re-establishment of blood flow to the ischemic tissue is
the therapeutic goal in the treatment of arterial occlusion.
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However, surgically restoring the blood flow often leads
to continued or accelerated local tissue injury and systemic
toxicity[1]. Hepatic ischemia/reperfusion (Hepatic I/R)
injury is an important non-immunologic problem and a
limitating factor in liver transplantation and it may result
in liver dysfunction, liver failure, and even death[2]. Hepatic
I/R injury is one of the major complications of hepatic
resection, hemorrhagic shock with fluid resuscitation,
and liver transplantation, particularly with grafts from
marginal donors[3]. The mechanisms underlying ischemia/
reperfusion induced organ damage are likely multifactorial
and interdependent. Previous studies have identified
many mediators involved in the pathogenesis of hepatic
I/R injury. Among them, reactive oxygen species (ROS)[4]
released by active Kupffer cells, and proinflammatory
cytokines [5-7] are central to this process. Expression of
the adhesion molecules is up-regulated by cytokines
and mediates the recruitment of neutrophils to the liver
resulting in hepatic injury[8-9]. In addition, selectins are also
up-regulated during this process[10].
It has been shown that short episodes of liver ischemia
confer protection against longer ischemic insults and
subsequent I/R injury. This phenomenon is called ischemic
or mechanical preconditioning [11-12]. Pharmacological
preconditioning can be an effective alternative to ischemic
preconditioning. With pharmacological preconditioning,
liver protection is achieved by the administration of
substances before or at the early phase of the I/R process.
Veratrum nigrum L.var. ussuriense Nakai alkaloids (VnA)
is the total alkaloid extracted from the root of Veratrum
nigrum L. var. ussuriense Nakai of Mount Qian in Liaoning
Province, China. VnA contains at least eleven alkaloids
featuring an ester-type isosteroidal structure identified
by modern analytical techniques such as HPLC-MS,
NMR, etc. The principal components of VnA include
verussurien, verabenzoamine, verazine, germidine, jervine,
germerine, 15-O-(methylbuty-royl)-germine, verussurinine,
neogermbudine, zygadenine and echinuline [13-15]. Some
researchers have demonstrated that VnA has powerful
inhibitor y effects against both arterial and venous
thrombosis, and it could produce beneficial effects on
brain I/R injury[16-18]. In this study, we investigated whether
VnA had a protective effect against liver injury induced
by hepatic I/R and explored its putative protective
mechanism.

Experimental design
Male Wistar rats were fasted overnight but had free access
to tap water. The rats were assigned randomly into four
experimental groups (n = 10 in each): (A) Control group
(the sham operation group); (B) I/R group (pretreated
with normal saline); (C) Small-dose (10 m g/kg) VnA
pretreatment group; (D) Large-dose (20 m g/kg) VnA
pretreatment group. The model of hepatic I/R injury was
established by the clamping and unclamping of the vessels
supplying the left lateral and median hepatic lobes, which
account for 70% of the rat liver mass, according to the
published method[12]. We reproduced a lobar rather than a
total hepatic I/R injury model to induce a severe hepatic
ischemic insult without mesenteric venous congestion
to avoid the development of intestinal congestion
and leakage of bacteria or bacterial products into the
circulation[6,19]. Briefly, 30 min before operation, the rats
received intraperitoneally VnA (10 m g/kg, 20 m g/kg)
or equal volumes of normal saline solution. A midline
laparotomy was performed and a microvascular clip was
placed to interrupt the arterial and portal venous blood
flow to the left and middle lobes of the liver. Reflow was
initiated after 90 min of hepatic ischemia by removing
the clamp. The doses of VnA administration were
determined according to previous studies, combined with
our preliminary experiments[17-18]. All rats were killed at
240 min of reperfusion, and blood and liver samples were
obtained for the following analyses.

MATERIALS AND METHODS

Liver superoxide dismutase (SOD), myeloperoxidase
(MPO) and nitric oxide (NO) assay
Liver samples were homogenized on ice in 5 volumes of
normal saline and centrifuged at 3000 r/min for 15 min.
Liver SOD, MPO and NO levels were measured using
an assay kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) following the manufacturer’s instructions.
The levels of SOD, MPO and NO were expressed as U/
mgprot, U/g and mmol/gprot, respectively.

Reagents
The VnA hydrochloride injection (100 mg/L) was prepared
by the Department of Pharmaceutical Engineering, Dalian
University of Science and Technology. It was diluted to the
required concentrations with sterile saline solution prior to use.
Animals
Male Wistar rats (Experimental Animal Center of Dalian
Medical University, Dalian, China) weighing 220 ± 20 g
were used in this study. All rats were fed with standard
laboratory chow and water, and housed in accordance with
institutional animal care guidelines.

Histopathological assessment
Liver samples were fixed in 10% formalin and embedded
in paraffin. Five-micrometer sections of liver tissue were
stained with hematoxylin and eosin according to standard
procedures. Light microscopy was used to assess the
degree of liver damage.
Measurement of plasma alanine aminotransferase (ALT)
and lactic dehydrogenase (LDH) level
The abdominal aorta was punctured and 5 mL of blood
was taken and put into heparinized tubes. The blood
sample was centrifuged at 3000 r/min for 15 min at a
room temperature to separate plasma for analyses. The
plasma concentrations of ALT (a specific marker for
hepatic parenchymal injury), and LDH were measured with
an OLYMPUS AU5400 automatic analyzer. Both values
were expressed as U/L.

Immunohistochemical analyses
Formalin-fixed, paraffin-embedded liver specimens were
stained by streptavidin/peroxidase immunohistochemistry
www.wjgnet.com
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technique for intercellular adhesion molecule-1 (ICAM-1)
and E-selectin (ES) detection. Five-micrometer sections
were treated with 0.3% H 2 O 2 in methanol to block
endogenous peroxide activity and then incubated with
the polyclonal rabbit anti-rat ICAM-1 and E-selectin
antibody (Wuhan Boster Biological Technology Co., Ltd,
Wuhan, China, both 1:500 dilution). Biotinylated antirabbit immunoglobulin was added as a secondary antibody.
The horseradish peroxidase labeled streptomycin-avidin
complex was then used to detect the second antibody.
Finally, slides were stained with 3,3’-diaminobenzidine,
which was used as a chromagen, and the sections were
counterstained with hematoxylin before being examined
under a light microscope. The brown or dark brown
stained cells were considered as positive. The results were
evaluated semi-quantitatively according to the percentage
of positive cells in 5 high power fields at 400 multiple signal
magnification: 0, less than 5%; 1, from 6% to 25%; 2, from
26% to 50%; 3, from 51% to 75%; 4, more than 75%[20].
ICAM-1 and E-selectin Western blot analysis
Frozen liver tissue was homogenized with PBS (pH =
7.2) and centrifuged at 4℃, 10 000 g for 10 min. After
precipitation the insoluble fraction was discarded, and the
protein concentration in the supernatant was determined
by a spectrophotometer. Aliquots (20 mg) of protein from
each sample were loaded into each lane of 10% SDSPAGE gel electrophoresis and then electroblotted onto
nitrocellulose membranes (Millipore, Bedford, MA). The
membranes were then probed with the rabbit antibody
against rat ICAM-1(intercellular adhesion molecule-1) or
E-selectin (Boster Biological Technology Co., Ltd, Wuhan,
China, both 1:1000 dilution) and biotin-conjugated antirabbit IgG (Fuzhou Maixin Biological Technology Co.,
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Figure 1 Changes of histology
in the liver tissue 90 min after
ischemia and 240 min after
reperfusion in rats (× 400). Five
µm sections of liver tissue were
stained with hematoxylin and eosin
according to standard procedures.
For all groups, n = 10. A: Control
group: Normal appearance of
hepatocytes and sinusoids; B:
I/R group: Histological edema,
hemorrhage, partial exfoliation
of blood vessel endothelium and
infiltration with inflammatory cells;
C: I/R + VnA (10 mg/kg) group:
A significant amelioration of
histological edema, hemorrhage,
and exfoliation of blood vessel
endothelium; D: I/R + VnA (20 μg/
kg) group: Slight inflammatory cell
infiltration with most hepatocytes in
normal appearance.

Ltd, Fuzhou, China) according to the manufacturer’s
recommendations. The signals were visualized by a DAB
assay kit (Fuzhou Maixin Biological Technology Co., Ltd,
Fuzhou, China) and analyzed with a gel imaging system
(Kodak system EDAS120, Japan).
Statistical analyses
All data were presented as mean ± SD. Statistical analyses
were perfor med using one-way analysis of variance
(ANOVA) with the SPSS 11.5 statistical software
package. The differences between means were analyzed
using Student-Newman-Keuls (SNK) test for multiple
comparisons. P values less than 0.05 were considered
statistically significant.

RESULTS
Pathological alterations of liver tissue
The histological structure of cells was normal in the
control group. After 90 min of hepatic ischemia followed
by 240 min of reperfusion, the occluded liver tissue
appeared as dark color with an obtuse fringe. Compared
with the control group, the liver tissue from the I/R
group was markedly damaged characterized by edema,
hemorrhage, partial exfoliation of vascular endothelium and
infiltration with inflammatory cells under the microscope.
Pretreatment of rats with 10 or 20 mg/kg VnA resulted in
a significant amelioration of hepatic injury (Figure 1).
Levels of plasma liver enzymes
Liver function was tested by measuring plasma levels of
ALT and LDH. Hepatic I/R led to a marked elevation of
plasma ALT and LDH activity (ALT: 74.53 ± 2.58 IU/L
vs 1512.54 ± 200.76 IU/L, P < 0.01; LDH: 473.48 ± 52.17
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Figure 2 Plasma aminotransferase (ALT) (A) and acetic dehydrogenase (LDH) (B) levels in different groups (mean ± SD, n = 10). After 90 min of hepatic ischemia and 4 h
of reperfusion, plasma levels of ALT and LDH were determined with an OLYMPUS AU5400 automatic analyzer. bP < 0.01 vs control group; dP < 0.01 vs I/R group.
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Figure 3 Activity of superoxide dismutase (SOD) in the liver tissue in different
groups (mean ± SD, n = 10). After 90 min of ischemia and 4 h of reperfusion, the
liver tissue was homogenized and assayed for SOD levels with an SOD assay kit
as the index of hepatic oxidative stress. bP < 0.01 vs control group; cP < 0.05 vs
I/R group.

IU/L vs 5821.53 ± 163.69 IU/L, P < 0.01, Figure 2). The
increase in plasma ALT activity elicited by hepatic I/R
was significantly attenuated by administration of VnA at
doses of 10 and 20 mg/kg by about 35.35% and 39.85%,
respectively (1512.54 ± 200.76 IU/L vs 977.93 ± 89.62
IU/L, 909.81 ± 132.76 IU/L, P < 0.01, P < 0.01); and the
activity of LDH was reduced by administration of VnA at
doses of 10 and 20 mg/kg by about 48.20% and 57.94%,
respectively (5821.53 ± 163.69 IU/L vs 3015.44 ± 253.01
IU/L, 2448.75 ± 169.4 IU/L, P < 0.01, P < 0.01). This
result demonstrated the dose-dependent protective effects
of VnA on liver injury.
SOD activity in liver tissue
Compared with the control group, the level of liver SOD
in the I/R group reduced significantly (361.75 ± 16.22
U/mg protein vs 263.19 ± 12.10 U/mg protein, P <
0.01). After administration of VnA at doses of 10 and 20
mg/kg, respectively, the liver SOD activity was elevated
significantly (263.19 ± 12.10 U/mg protein vs 299.40 ±
10.80 U/mg protein, 302.09 ± 14.80 U/mg protein, P <
0.05, P < 0.05, Figure 3).
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Figure 4 Activity of myeloperoxidase (MPO) in the liver tissue in different groups
(mean ± SD, n = 10). MPO contents in liver tissue were analyzed with an MPO
assay kit as the index of neutrophil recruitment. bP < 0.01 vs control group; dP < 0.01
vs I/R group.

MPO activity in liver tissue
Hepatic neutrophil recruitment was determined by liver
MPO content. Hepatic I/R caused a marked increase in
liver MPO content compared with the control group (1.97
± 0.11 U/g vs 2.57 ± 0.13 U/g, P < 0.01). Administration
of VnA at doses of 10 and 20 mg/kg resulted in a marked
reduction of MPO in a dose-dependent manner (2.57
± 0.13 U/g vs 2.13 ± 0.13 U/g, 2.07 ± 0.05 U/g, P <
0.01, P < 0.01), suggesting that VnA prevents leukocyte
recruitment to the liver tissue (Figure 4).
NO content in liver tissue
The level of NO in the liver tissue was significantly higher
in the I/R group compared with the control group (69.37
± 1.52 mmol/g protein vs 78.39 ± 2.28 mmol/g protein, P
< 0.01). Pretreatment with VnA at both 10 and 20 mg/kg,
however, caused an obvious reduction in a dose-dependent
manner when compared with the I/R group (78.39 ± 2.28
mmol/g protein vs 71.11 ± 1.73 mmol/g protein, 68.58 ±
1.95 mmol/g protein, P < 0.05, P < 0.01, Figure 5).
Immunohistochemical analysis for liver ICAM-1 and
E-selectin
The expression of ICAM-1 and E-selectin in the control
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Figure 5 Content of nitric oxide (NO) in the liver tissue in different groups (mean
± SD, n = 10). After 90 min of ischemia and 4 h of reperfusion, the liver tissue
was homogenized and assayed for NO levels with an NO assay kit as the index
of hepatic oxidative stress. bP < 0.01 vs control group. aP < 0.05, dP < 0.01 vs I/R
group.

group showed as light brown immunostaining. However,
their expression was highly up-regulated after 90 min
of ischemia and 240 min of reperfusion (P < 0.01).
Compared with the I/R group, the increase of ICAM-1
and E-selectin expression was significantly suppressed by
VnA in a dose-dependent manner (P < 0.05, P < 0.01; P <
0.05, P < 0.05 respectively) (Figure 6, Figure 7 and Figure 8).
Western blot analysis for liver ICAM-1 and E-selectin
Western blot showed weak positive ICAM-1 and E-selectin
signals in the control group. In contrast, a marked increase
in ICAM-1 and E-selectin protein expression in the liver
tissue was found in the I/R group. Compared with the I/R
group, the signals were weakened obviously in the VnA
pretreated group (Figure 9).

DISCUSSION
Liver I/R injury occurs in a number of clinical settings
including liver surgery, transplantation, and hemorrhagic
shock. A major disadvantage of this event is an acute
inflammator y response that may cause significant
organ damage or dysfunction. Experimental evidence
demonstrates that kupffer cells play an important part
in mediating hepatic I/R [21-22]. Kuppfer cell activation
leads to structural changes, formation of vascular ROS
and production of proinflammatory cytokines, which
in turn induce the expression of adhesion molecules in
vascular endothelial cells and stimulate the production and
release of neutrophil-attracting chemokines. Neutrophil
recruitment in the liver tissue causes direct hepatocellular
damage through exhaustion of hepatic microcirculation
by blocking the capillary perfusion and releasing ROS and
proteases[23-24].
VnA is a well known herbal plant widely distributed
in the nor theast region of China and has various
pharmacological effects including antithrombotic and
antihypertensive properties[15,17]. Some researchers have
also demonstrated that VnA exerted beneficial effects on
brain I/R injury by inhibiting oxidation and leukocyte
priming and expression of inflammatory mediators[18]. In
the present study, we demonstrated that VnA pretreatment
at doses of 10 and 20 mg/kg could attenuate hepatic I/R
www.wjgnet.com
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injury, indicated by improved alteration in liver tissue
pathology and liver function, by an enhanced antioxidant
capacity with augmentation of free radical scavengers and
reduced polymorphonuclear neutrophil (PMN) infiltration,
as well as by suppressed overexpression of adhesion
molecules and selectins.
Reperfusion of the ischemic liver in rats resulted
in hepatic damage with histological evidence of liver
hemorrhage, edema, accumulation of adherent leukocytes
in sinusoids and terminal hepatic vein (THV), as well as
partial exfoliation of blood vessel endothelia. Furthermore,
hepatic I/R caused the release of liver enzymes into the
blood stream, thereby eliciting a significant increase in
plasma levels of ALT and LDH. VnA pretreatment abated
liver pathologic injury and reduced plasma ALT and LDH
activity, thus liver function was ameliorated.
SOD catalyses the dismutation of the superoxide
anion (O 2·) into H 2O 2, which can be transformed into
H2O and O2 by catalase (CAT). In this study, we found
that I/R impaired SOD activity, as indicated by the
markedly lowered activity compared with the control
group. But in the VnA pretreated group, the decrease of
SOD activity was significantly counteracted. In addition,
the hepatic I/R increased the levels of nitric oxide (NO),
an important ROS product. This result is consistent with
a previous report[25]. NO may combine with superoxide
radicals to form peroxynitrite, a substance extremely toxic
to cells[26]. VnA pretreatment significantly decreased liver
NO content, resulting in a significant reduction in liver
damage when compared with the control group. These
data indicated that VnA might confer protection on the
liver during I/R injury in part by improving activity of the
endogenous antioxidant enzyme, which scavenges ROS
and reduces their effects.
Because MPO is an enzyme restricted mainly to
PMNs, the increase in MPO activity reflects neutrophil
tissue infiltration. The significant increase in MPO
activity in the liver tissue after hepatic I/R in the present
study is consistent with another study[27]. However, VnA
significantly blunted the increase of liver MPO activity
compared with the I/R group. That is to say, VnA reduced
infiltration of leukocytes into the inflammatory sites.
ICAM-1 is a member of the immunoglobulin
superfamily that mediates firm adhesion and emigration of
activated leukocytes in postcapillary venules, which process
may be one of the important steps in the development of
tissue injury and organ dysfunction[28]. Previous studies
have shown an upregulation of ICAM-1 expression
following endothelial cell activation with cytokines or
LPS, accompanied by an increased binding of neutrophils
and lymphocytes to endothelial cells. An anti-ICAM-1
monoclonal antibody inhibited neutrophil infiltration
into pericentral sinusoids and improved and restored
liver integrity in I/R injury[29]. In this study we detected
overexpression of ICAM-1 after hepatic I/R, which was
significantly decreased in the VnA pretreated groups. This
indicated that VnA could suppress leukocyte adhesion to
endothelia.
Murine E-selectin is a 110 kDa, type-1 transmembrane
glycoprotein expressed only in endothelial cells after
cytokine activation[30]. E-selectin participates in leukocyte
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Figure 7 Immunohistochemical staining of E-selectin in liver tissue
after ischemia for 90 min and reperfusion for 240 min in rats (× 400).
Formalin-fixed, paraffin-embedded liver specimens were stained by
the streptavidin/peroxidase immunohistochemistry technique. For
all groups, n = 10. A: Control group; B: I/R group; C: I/R + VnA (10
mg/kg) group; D: I/R + VnA (20 mg/kg) group.
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Figure 6 Immunohistochemical staining of adhesion molecule-1
(ICAM-1) expression in the liver tissue after 90 min of ischemia and
reperfusion for 240 min in rats (× 400). Formalin-fixed, paraffinembedded liver specimens were stained by streptavidin/peroxidase
immunohistochemistry technique. For all groups, n = 10. A: Control
group; B: I/R group; C: I/R + VnA (10 μg/kg) group; D: I/R + VnA (20
mg/kg) group.
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Figure 8 Immunohistochemical results (semi-quantitative analysis) of adhesion molecule-1 (ICAM-1) (A) and E-selectin (B) in liver tissue in different groups. Data were
presented as mean ± SD. bP < 0.01 vs Control group; aP < 0.05, dP < 0.01 vs I/R group.

rolling and firm adhesion in vitro [31] and in vivo [32]. It is
down-regulated by re-internalization and by shedding from
the endothelial surface into the plasma[33]. Previous studies
revealed that blockade of E-selectin protected from severe

acute renal failure induced by ischemia-reperfusion[34]. In
our study, E-selectin was also found to be overexpressed
after hepatic I/R, however, this was attenuated in the VnA
pretreated groups as compared with the I/R group.
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Figure 9 Liver adhesion molecule-1 (ICAM-1) (A) and E-selectin (ES) (B) protein signals of Western blot analyzed with a gel imaging system (Kodak system EDAS120,
Japan). For all groups, n = 10. L1: Control group; L2: I/R group; L3: VnA (10 mg/kg) group; L4: VnA (20 mg/kg) group. Compared with the control group, the signals in I/R
group increased and weakened in the VnA pretreated group in a dose-dependent manner.

T he above results sug g ested that ICAM-1 and
E-selectin dependent neutrophil recruitment into the liver
tissue was responsible partially for hepatic I/R. The dosedependent protective effects of VnA were likely related
to the suppression of ICAM-1 and E-selectin expression.
This suppression reduced the neutrophil recruitment
associated with the hepatic I/R, and effectively protected
the liver against ischemia/reperfusion.
In conclusion, VnA has protective effects against liver
injury induced by hepatic I/R. The protective effects are
probably associated with enhancement of antioxidant
capacities, reduction of inflammatory responses and
suppressed expression of ICAM-1 and E-selectin.
These findings may be useful for clinical management to
reduce I/R related hepatic damage. However, the precise
mechanisms of VnA protecting against hepatic I/R still
need to be clarified in further studies.
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Abstract
AIM: To investigate the incidence of gastrointestinal
symptoms and the nature of consequent utilization of
health care services in a Japanese population.
METHODS: U s i n g s e l f- r e p o r t , w e c o n d u c t e d a
prospective cohort study of a nationally representative
sample of the Japanese population over a one-month
period to determine the incidence of gastrointestinal
symptoms of all kinds and resultant health care
utilization. Both information on visits to physicians and
use of complementary and alternative medicine therapies
were collected.
RESULTS: From a total of 3568 in the recruitment
sample, 3477 participants completed a health diary
(response rate 97%). The data of 112 participants with
baseline active gastrointestinal diseases were excluded
from the analysis, leaving 3365 participants in the study.
The incidence of gastrointestinal symptoms was 25% and
the mean number of symptomatic episodes was 0.66 in
a month. Abdominal pain, diarrhea, nausea, constipation
and dyspepsia were the most frequent symptoms.
Female gender, younger age, and low baseline quality of
life were risk factors for developing these symptoms. The
participants were more likely to treat themselves, using
dietary, complementary or alternative medicines, than to
visit physicians, except in the case of vomiting.
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CONCLUSION: Gastrointestinal symptoms are common
in the Japanese population, with an incidence of 25%.
Abdominal pain, diarrhea, nausea, constipation and
dyspepsia are the most frequent symptoms. Risk factors
for developing these symptoms include female gender,
younger age, and low baseline quality of life.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although the prevalence of gastrointestinal disease in the
Japanese population is known to be high, its epidemiology,
incidence, and the consequent utilization of health care
services are not well described[1-3]. An accurate analysis of
the incidence of the various symptoms and of the health
care services utilized in relation to them would clarify the
public health consequences of gastrointestinal symptoms
and assist in the setting of priorities in the allocation of
health care services and future research funding. There
is also little information on the use of complementary
and alternative medicine as compared with conventional
medicine in the treatment of the various symptoms of
gastrointestinal disease. This prospective cohort study
was designed to ascertain the incidence of gastrointestinal
symptoms in the Japanese general population and to
document the subsequent use of health care, as recorded
by the participants in a health diary.

MATERIALS AND METHODS
Participants
This analysis of the incidence of g astrointestinal
symptoms and subsequent health care practices in Japan is
drawn from a prospective cohort study, using participants’
health diaries established for the ecological analysis of
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medical care in Japanese communities[4]. A populationweighted random sample of households was selected
by controlling for the size of cities, towns and villages.
Participants who had baseline active gastrointestinal
diseases were excluded from the analysis. Because of the
national policy of universal health insurance coverage
in Japan, all households sampled were covered by health
insurance. Prior ethical approval from the Research Ethics
Committee of Kyoto University Graduate School of
Medicine was obtained.
There are advantages to using health diaries when
investigating individual health and related behavior[4-8].
Health diaries can provide an immediate and continuous
record of daily health events and behaviors, and
minimize recall bias[4], without the intervention of direct
observational measures[7,9]. The methodology of this health
diary study is described in detail elsewhere[4].
Data collection
For the purposes of the study, the independent variables
were baseline demog raphic and clinical data. The
dependent variables were self-reported gastrointestinal
symptoms, which were categorized and coded based on
the ICPC-2 (International Classification of Primary Care
second edition). They included diffuse abdominal pain,
upper abdominal pain, diarrhea, nausea, constipation,
dyspepsia, vomiting, abdominal fullness, heartburn, lower
abdominal pain, hematemesis, and hematochezia.
The health diary procedure required the keeping
of a daily record for one month, from October 1 to
October 31, 2003, of all health-related events, including
gastrointestinal symptoms, health care accessed, and
anything else of relevance. The health diary format
specifically sought responses to the following questions:
(1) Did you have any pain or other health symptoms that
caused you discomfort? (2) If so, what kind of symptoms
did you have? (3) If the answer to the first question was
yes, did you consult a physician? Did you use dietary
supplements such as nutritional drinks, vitamins, and
calcium? Did you undergo any physical remedy, such as
acupressure, acupuncture, or massage? Subjects younger
than 15 years old were also included in this study. The
parents of these children were requested to ask the
questionnaires and record them accordingly. We did
not include the use of over-the-counter-medications as
utilizations of health care services in this study.
Data was extracted on the number of days in which
symptom-related visits to a physician occurred during
the study period, whether to a primary care physician, a
community hospital, a university hospital, or an emergency
department. Data was also collected on the number of
days complementary and alternative medicines were
used, whether dietary supplements or physical remedies.
The use of complementary and alternative medicine was
divided into two categories: (1) Dietary complementary
and alternative medicine, such as nutritional drinks, herbs,
kampo, supplements, vitamins, minerals, and other dietary
substances; (2) Physical complementary and alternative
medicine, such as massage, acupuncture, acupressure,
Judo-seifuku, moxibustion, chiropractic, and similar
physical manipulations.
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Baseline data, including demographic, health-related,
and socioeconomic information, was also collected. The
SF-8 instrument was used to measure baseline healthrelated quality of life. The SF-8 generates a health profile
consisting of eight scales and two summary measures:
a physical component summary (PCS8) and a mental
component summary (MCS8)[10]. The SF-8 is scored by
assigning the mean SF-36 scale score for the Japanese
population as measured in 2002 to each response category
of the SF-8 measuring the same concept. A higher or
lower individual score indicates a better or worse health
status than the mean, respectively [11]. We also included
the baseline number for comorbidity as a covariate. The
number of co-morbidities was calculated by counting the
number of diseases present with no weights[12].
Data on a number of characteristics was collected as
socioeconomic baseline measurements. Annual household
income was divided into 6 categories. Employment status
was recorded as one of 6 categories: student, homemaker,
jobless or not able to work, retiree, part-time employee,
and full-time employee or self-employed worker. Selfreported educational attainment was also classified at 6
levels: junior high school or below, high school graduate,
vocational college, 1-2 years college, college degree,
graduate school degree or higher.
Statistical analysis
The incidence (proportions) and the number of episodes
(days with the symptom) of individual gastrointestinal
symptoms were calculated during the one-month study
period. Multivariable adjusted Poisson regression models
were constructed to obtain adjusted rate ratios for the
number of episodes of the various gastrointestinal
symptoms in relation to baseline demographic and
clinical factors. Health care utilization for one month of
participants who developed gastrointestinal symptoms was
also calculated. A two-tailed P-value of 0.05 was regarded
as statistically significant. The STATA software version 8.2
(College Station, Texas, USA) was used for all statistical
analyses.

RESULTS
From a total of 3568 in the study recruitment sample, 3477
participants completed the diary (97.4%). Of these, 112
with baseline active gastrointestinal diseases were excluded
and the remaining 3365 participants were enrolled in the
study (Table 1). 1573 (46%) were men. The mean age was
34 years (range 0-96 years). 17% of the 3365 participants
lived in large cities, 24% in medium-sized cities, 38% in
small cities, and 21% in rural areas. Table 1 shows the
demographic, socioeconomic and clinical characteristics of
the participants in two groups: those who developed any
gastrointestinal symptom and those who recorded none.
A univariate analysis showed no significant differences in
socioeconomic characteristics between the two groups. A
trend test yielded P = 0.212 for annual household income,
P = 0.143 for occupational status, and P = 0.719 for
educational attainment. Chi-square tests showed significant
differences between the two groups on the variables of
gender (P < 0.001), past history of gastrointestinal disease
www.wjgnet.com
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Table 1 Demographic, socioeconomic and clinical characteristics of the participants
Variable

All participants (n = 3365)

Developed GI symptoms (n = 856)

No GI symptoms (n = 2509)

n

%

n

%

n

%

Male

1573

45.7

328

38.3

1245

49.6

Female

1792

53.3

528

61.7

1264

50.4

0-9

651

19.3

155

18.1

496

19.8

10-19

431

12.8

104

12.1

327

13.0

20-29

416

12.4

133

15.5

283

11.3

30-39

476

14.1

139

16.2

337

13.4

40-49

490

14.6

134

15.7

356

14.2

50-59

345

10.3

76

8.9

269

10.7

60-69

331

9.8

61

7.1

270

10.8

70-79

188

5.6

45

5.3

143

5.7

≥ 80

37

1.1

9

1.1

28

1.1

< 3 000 000 Japanese yen

424

12.6

112

13.1

312

12.4

3 000 000 to < 5 000 000

652

19.4

189

22.1

463

18.5

5 000 000 to < 7 000 000

522

15.5

127

14.8

395

15.7

7 000 000 to < 10 000 000

426

12.7

111

13.0

315

12.6

10 000 000 to < 12 000 000

167

5.0

42

4.9

125

5.0

82

2.4

16

1.9

66

2.6

1092

32.5

259

30.3

833

33.2

Demograchics
Gender

Age (yr)

Socioeconomic characteristics
Annual household income

≥ 12 000 000
N/A
Employment status
Full-time employee/self-employed

1086

32.3

274

32.0

812

32.4

Part-time employee

374

11.1

100

11.7

274

10.9

Retiree

129

3.8

26

3.0

103

4.1

91

2.7

24

2.8

67

2.7

490

14.6

153

17.9

337

13.4

Jobless or unable to work
Homemaker
Student
N/A

89

2.6

18

2.1

71

2.8

1106

32.9

261

30.5

845

33.7

Educational attainment
Junior high school or lower

84

2.5

16

1.9

68

2.7

High school graduate

471

14.0

122

14.3

349

13.9

Vocational college

135

4.0

38

4.4

97

3.9

1-3 yr of college

156

4.6

50

5.8

106

4.2

College degree

336

10.0

85

9.9

251

10.0

Graduate school degree
N/A

23

0.7

8

0.9

15

0.6

2160

64.2

537

62.7

1623

64.7

Baseline clinical characteristics
Previous GI diseases
Yes

326

9.7

117

13.7

209

8.3

No

2956

87.8

722

84.3

2234

89.0

83

2.5

17

2.0

66

2.6

None

2548

75.7

646

75.5

1902

75.8

One

578

17.2

157

18.3

421

16.8

Two or more

239

7.1

53

6.2

186

7.4

≥ 50

1930

57.4

458

53.5

1472

58.7

< 50

1304

38.8

363

42.4

941

37.5

N/A

131

3.9

35

4.1

96

3.8

≥ 50

1704

50.6

368

43.0

1336

53.2

< 50

1530

45.5

453

52.9

1077

42.9

N/A

131

3.9

35

4.1

96

3.8

N/A
No. of comorbidities

PCS8 score

MCS8 score

N/A: indicates data not available; GI: gastrointestinal; PCS8: physical component of SF8; MCS8: mental component of SF8.
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Table 2 Incidence and the number of episodes of
gastrointestinal symptoms (n = 3365)
Symptom

Incidence per month Episodes in a month

n

(% of total)

mean

SD

Any gastrointestinal symtoms

856

(25.44)

0.656

1.794

Diffuse abdominal pain

401

(11.92)

0.214

0.799

Upper abdominal pain

179

(5.32)

0.114

0.801

Diarrhea

169

(5.02)

0.095

0.651

Nausea

148

(4.40)

0.067

0.393

Constipation

70

(2.08)

0.064

0.689

Dyspepsia

86

(2.56)

0.051

0.423

Vomiting

44

(1.31)

0.016

0.164

Abdominal fullness

34

(1.01)

0.015

0.187

Heartburn

18

(0.53)

0.010

0.173

Lower abdominal pain

16

(0.48)

0.009

0.158

1

(0.03)

0.000

0.017

Hematemesis

SD: standard deviation. There were no participants with hematochezia.

(P < 0.001), MCS8 (P < 0.001), and PCS8 (P = 0.008).
Ta b l e 2 s h o w s t h e i n c i d e n c e p e r m o n t h f o r
3365 par ticipants and the number of episodes of
gastrointestinal symptoms of these participants during
the one month study period. 856 (25%) developed one or
more gastrointestinal symptoms. The symptoms of high
incidence (≥ 1%) were diffuse abdominal pain (12%),
upper abdominal pain (5%), diarrhea (5%), nausea (4%),
dyspepsia (3%), constipation (2%), vomiting (1%), and
abdominal fullness (1%). The mean number of episodes
of gastrointestinal symptoms of any kind was 0.66 in the
one-month period. The symptoms with a high number
of episodes were diffuse abdominal pain (0.21), upper
abdominal pain (0.11), diarrhea (0.10), nausea (0.07),
constipation (0.06), dyspepsia (0.05), vomiting (0.02), and
abdominal fullness (0.01).
Table 3 shows rate ratios based on multivariable
adjusted Poisson regression analyses. Age and the number
of comorbidity are treated as continuous variables in
this Table. Gastrointestinal symptoms were reported
more commonly by women than men. Symptoms with a
significantly higher number of episodes in women were
diffuse abdominal pain, upper abdominal pain, nausea,
and constipation, and symptoms with a significantly higher
number of episodes in men were diarrhea and heartburn.
Gastrointestinal symptoms were reported more often
in younger than in older age groups. Symptoms associated
with older age were upper abdominal pain, dyspepsia,
constipation, abdominal fullness, and heartburn, while
symptoms associated with younger age were diffuse
abdominal pain, diarrhea, nausea, and vomiting. The
symptoms that featured in comorbidity were nausea and
constipation.
Gastrointestinal symptoms were reported more often
by participants with poor baseline quality of life scores.
Diffuse abdominal pain, diarrhea and dyspepsia were
symptoms associated with a poor baseline score on the
physical component of the health-related quality of life
test. Symptoms associated with a poor baseline score on
the mental component of the health-related quality of life
test were diffuse abdominal pain, upper abdominal pain,
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nausea, constipation, and abdominal fullness.
Table 4 shows the health care utilization characteristics
of par ticipants with one or more g astrointestinal
symptoms in the survey month. Overall, use of dietary
complementary and alternative medicine was more
frequent than visiting a physician (Bonferroni pair-wise
comparison, P < 0.001), but visiting a physician was more
frequent than use of physical forms of complementary and
alternative medicine (Bonferroni pair-wise comparison, P
< 0.001). However, visiting a physician was more frequent
than use of dietary complementary and alternative
medicine in those whose symptom was vomiting. Among
those with dyspepsia and heartburn, use of both dietary
and physical complementary and alternative medicine was
more frequent than visiting a physician.

DISCUSSION
Our results indicate that gastrointestinal symptoms are of
common occurrence in the Japanese general population,
with about a quarter developing a gastrointestinal
symptom of some kind in a month. Abdominal pain,
diarrhea, nausea, constipation and dyspepsia were the most
frequent gastrointestinal symptoms in our sample. Risks
for developing these symptoms differ in relation to the
baseline factors of gender, age, and quality of life. Japanese
who develop gastrointestinal symptoms are more likely to
treat themselves with dietary forms of complementary and
alternative medicine than to visit physicians, except in the
case of vomiting.
Gastrointestinal symptoms with a high incidence were,
in order, diffuse and upper abdominal pain, diarrhea,
nausea, constipation, and dyspepsia. These findings are
consistent with those of one previous study [2], while
another found that diarrhea was more common than
abdominal pain[3]. It may be that self-reporting of diarrhea
underestimates its actual incidence[13]. A study that asks
about diarrhea and loose stools separately obtains a lower
incidence of diarrhea than one in which participants
include loose stool in their definition of diarrhea[3]. Thus
differences in participants’ definitions could account for
differences in the estimated incidence of diarrhea between
previous studies[14].
Our study found that women were more likely to
develop diffuse and upper abdominal pain, nausea, and
constipation than men. Previous studies suggest that the
incidence of many gastrointestinal symptoms is higher
in women than in men[1,3,15-18], and many studies indicate
that abdominal pain, specifically, is more common in
women[1,3,15-18], although two studies have shown no gender
difference[19,20]. Abdominal fullness, also, is more common
in women than in men[21]. A higher prevalence of occult
irritable bowel syndrome in women could account for the
higher incidence and prevalence of such symptoms as
abdominal pain, nausea, and constipation[3,22]. Alternatively,
a higher sensitivity in the perception of such symptoms in
women could also contribute to the difference[3].
Our study found that men were more likely to develop
diarrhea and heartburn than women. This finding differs
from a number of studies indicating no gender difference
for diarrhea[3,16,18], while a recent international study found
www.wjgnet.com
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Table 3 Rate ratios based on multivariable adjusted poisson regression analyses
Variable symptom

Female gender

Older age

Previous GI disease

No. of comorbidity

Better PCS8

Better MCS8

Any gastrointestinal symtoms

1.412

0.994

1.894

1.055

0.738

0.645

(< 0.01)

(< 0.01)

(< 0.01)

NS

(< 0.01)

(< 0.01)

1.455

0.980

1.385

0.886

0.545

0.548

(< 0.01)

(< 0.01)

(< 0.01)

NS

(< 0.01)

(< 0.01)

1.485

1.016

2.504

0.855

0.975

0.426

(< 0.01)

(< 0.01)

(< 0.01)

(< 0.05)

NS

(< 0.01)

0.765

0.972

1.485

0.981

0.636

0.986

(< 0.05)

(< 0.01)

(< 0.05)

NS

(< 0.01)

NS

2.828

0.983

2.364

1.259

1.032

0.575

(< 0.01)

(< 0.01)

(< 0.01)

(< 0.01)

NS

(< 0.01)

1.171

1.033

4.035

0.888

0.462

1.068

NS

(< 0.01)

(< 0.01)

NS

(< 0.01)

NS

2.877

1.014

1.198

1.427

1.234

0.364

(< 0.01)

(< 0.01)

NS

(< 0.01)

NS

(< 0.01)

0.847

0.940

1.617

1.141

0.903

1.421

NS

(< 0.01)

NS

NS

NS

NS

1.833

1.020

1.871

0.936

1.305

0.476

NS

(< 0.05)

NS

NS

NS

(< 0.05)

0.286

1.053

2.653

1.027

1.324

1.227

(< 0.01)

(< 0.01)

(< 0.05)

NS

NS

NS

1.555

1.005

0.844

1.023

0.699

0.515

NS

NS

NS

NS

NS

NS

Diffuse abdominal pain
Upper abdominal pain
Diarrhea
Nausea
Dyspepsia
Constipation
Vomiting
Abdominal fullness
Heartburn
Lower abdominal pain

GI: gastrointestinal; PCS8: physical component of SF8; MCS8: mental component of SF8. Adjusted for all covariates shown above. The numbers of parehtheses
indicate statistically significant P-values. Age and No. of comorbidity were treated as continuous variables. PCS8 and MCS8 were treated as binary variables
with cutoff pint of 50. Hematemesis and hematochezia could not be analyzed becaused of few incidence.

Table 4 Health care utilization in a month among the participants with gastrointestinal symptoms
Visits to a physician

Dietary CAM uses

Physical CAM uses

Symptom

mean (d)

SD

mean (d)

SD

mean (d)

SD

Any gastrointestinal symptoms

0.67

1.502

1.82

5.614

0.12

0.891

Diffuse abdominal pain

0.58

1.518

1.48

5.075

0.10

1.133

Upper abdominal pain

0.45

1.040

2.76

6.823

0.32

1.791

Diarrhea

0.81

1.300

1.39

4.747

0.07

0.431

Nausea

0.76

1.274

1.70

4.738

0.25

1.851

Dyspepsia

0.50

1.344

4.47

8.023

0.52

2.533

Constipation

0.90

1.746

2.43

6.333

0.20

0.651

Vomiting

1.64

2.354

0.89

2.442

0.00

0.00

Abdominal fullness

0.32

0.638

2.91

6.440

0.06

0.343

Heartburn

0.44

0.784

2.11

3.692

0.50

1.465

Lower abdominal pain

0.63

1.628

2.06

7.206

0.19

0.750

Hematemesis

0.00

0.000

0.00

0.000

0.00

0.000

CAM: complementary and alternative medicine; SD: standard deviation. Hematochezia could not be analyzed becaused of few incidence.

that the incidence of diarrhea was higher in women in a
number of countries, including Australia, Canada, Ireland,
and the United States[23]. Gastroesophageal reflux disease
symptoms, such as heartburn and acid regurgitation,
showed no gender difference in an earlier Japanese
study[24], and studies in Sweden and Belgium also found
no gender difference in the prevalence of heartburn[1,25].
These conflicting results suggest the need for further
investigation.
Overall, gastrointestinal symptoms were reported more
commonly in younger than in older participants in the
www.wjgnet.com

current study. Previous studies have shown a significantly
higher prevalence of abdominal symptoms in young
women, which decreases with age[1,3,26]. Nevertheless the
current study found that older individuals are more likely
to suffer upper abdominal pain, dyspepsia, constipation,
abdominal fullness, and heartburn than the young.
The young are more likely to report diffuse abdominal
pain, diarrhea, nausea, and vomiting than the old. This
difference between the old and the young in the incidence
of many gastrointestinal symptoms may derive from an
age-associated change in visceral sensitivity [3], but the
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source of the difference has not yet been established.
Our study found that those with a poor baseline score
on the physical component of quality of life had a higher
likelihood than those with an average score of developing
diffuse abdominal pain, diarrhea and dyspepsia, while
those with a poor baseline score on the mental component
of quality of life were more likely than those with an
average score to report diffuse and upper abdominal
pain, nausea, constipation, and abdominal fullness. To our
knowledge, this study is the first prospective cohort study
to analyze baseline quality of life scores as predictors of
gastrointestinal symptoms. A possible higher prevalence of
occult irritable bowel syndrome in those with a poor score
on the mental component of the quality of life measure
may explain their higher incidence and prevalence of such
symptoms as abdominal pain, nausea, constipation, and
abdominal fullness[3,22]. This finding requires further study
for confirmation.
The current study may be the first prospective cohort
study to describe health care utilization in individuals
in response to gastrointestinal symptoms. Our results
indicate that self-treatment with dietary complementary
and alternative medicine is more frequent than visiting
a physician regarding all symptoms except vomiting.
Recourse to physical as well as dietary complementary
and alternative therapies was more frequent than visiting a
physician in the case of dyspepsia and heartburn.
Complementary and alternative therapies, some of
which had their origins in Japan, are increasingly used by
the general population in industrialized countries [27-29].
This is true of a substantial proportion of the Japanese
population, who use them frequently at a high cost
to personal income [30] . Patients with functional and
general gastrointestinal disorders are likely to turn
to complementar y and alter native medicine when
conventional therapies fail to relieve their symptoms[31].
Therefore physicians need to keep their knowledge up to
date on the regulations, side effects, and possible benefits
of specific herbal products used by patients[32]. Studies
of the effectiveness of complementary and alternative
therapies for functional gastrointestinal disorders have,
however, often been limited by study designs[33].
It should be borne in mind that the health diaries in this
study were self-reports and therefore subjective. A further
limitation is that information on the severity of symptoms
was not requested. As symptoms were not classified as
less or more severe, there was no means of determining
whether severity differentially influenced decisions to note
them in the diaries or to seek different forms of treatment.
This may have resulted in misclassification biases[14].
In summary, gastrointestinal symptoms are of common
occurrence in the Japanese population. Overall, the mean
number of episodes of gastrointestinal symptoms was 0.66
in a month. About a quarter of respondents developed at
least one gastrointestinal symptom in the course of the
month. Abdominal pain, diarrhea, nausea, constipation
and dyspepsia were the most frequent gastrointestinal
symptoms. Female g ender, young er ag e, and low
baseline quality of life are risk factors for developing
gastrointestinal symptoms. Japanese with gastrointestinal
symptoms other than vomiting are more likely to resort to
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dietary forms of complementary and alternative medicine
than to visit physicians.

ACKNOWLEDGMENTS
We thank Kenji Sakurai MD FACS for his support of
our research, and we thank Mikio Kumagai, Riki Tanaka,
Yumiko Yotsumoto, Yuko Iwasawa, and Sayoko Yamauchi
for their excellent secretarial assistance.

COMMENTS
Background

The incidence of gastrointestinal symptoms and the nature of consequent
utilization of health care services in the Japanese population are not well
documented. Our aim was to provide better description in this epidemiology of
gastrointestinal symptoms.

Research frontiers

The prevalence of gastrointestinal disease in the Japanese population is known to
be high. However, its epidemiology, its incidence, and the consequent utilization of
health care services are not well described. There is also little information on the
use of complementary and alternative medicine as compared with conventional
medicine in the treatment of the various symptoms of gastrointestinal disease.

Innovations and breakthroughs

In this study of Japan, the incidence of gastrointestinal symptoms was 25% and
the mean number of the symptomatic episodes was 0.66 in a month. Abdominal
pain, diarrhea, nausea, constipation and dyspepsia were the most frequent
symptoms. Female gender, younger age, and low baseline quality of life were risk
factors for developing these symptoms. The participants were more likely to treat
themselves, using dietary complementary or alternative medicines, than to visit
physicians, except in the case of vomiting.

Applications

Gastrointestinal symptoms are very common in the Japanese general population.
The most frequent symptoms include abdominal pain, diarrhea, nausea,
constipation and dyspepsia. Risk factors for developing these symptoms are
female gender, younger age, and low baseline quality of life. These results may
help to understand the public health consequences of gastrointestinal symptoms
and to assist in the setting of priorities in the allocation of health care services and
of future research funding.

Terminology

Health diary: a daily record of daily health events and behaviors. This research
methodology can provide an immediate and continuous record of daily health
events and behaviors and minimize recall bias without the intervention of direct
observational measures.

Peer review

This article documented about epidemiology of gastrointestinal symptom among
Japanese. Study period is relatively short. Generally, it is well designed and
clarified the incidence of gastrointestinal symptom among Japanese. The study
also revealed Japanese actions to gastrointestinal symptoms.
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Abstract

INTRODUCTION

AIM: To investigate the use of high dose consensusinterferon in combination with ribavirin in former iv drug
users infected with hepatitis C.

Under physiological conditions, interferon- α (IFN- α )
is a key cytokine produced by virtually all cells in the
mammalian organism in response to a variety of bacterial
and viral stimuli. In response to viral infection, IFN-α
produced by the infected target cells induces a number of
cellular genes involved in inhibition of viral replication.
In addition, IFN- α is secreted by stimulated NK-cells
and T-cells and exerts a multitude of immune stimulatory
effects of innate and adaptive immunity[1].
The current standard of treating patients with chronic
hepatitis C infection is using IFN- α with or without
ribavirin and great advances have been achieved[2]. So far
two allelic α -2 species, interferon α -2a and interferon
α -2b, have been used. Introduction of pegylated IFN
in 2001 showed a slight increase in the overall sustained
virological response rates (approximately 55%) compared
to conventional IFN- α [3,4] . However, recent studies
showed that these response rates depend on several
factors, including HCV genotype, baseline viral load,
ethnicity, body weight and presence of advanced liver
disease[3]. More than 75% of patients in western Europe
are infected with genotype 1 often showing a high viral
load and these patients are so called “difficult to treat” and
therefore remain at risk not to respond to standard HCV
treatments[5].
Before pegylated IFN was available, we introduced a
study using IFN-alfacon-1, a second-generation cytokine
that was engineered to contain the most frequently
occurring amino acids among the non-allelic IFN- α
subtypes in humans[6]. In vitro studies showed that IFNalfacon-1 induces a more dramatic decrease of HCV-

METHODS: We started, before pegylated (PEG)interferons were available, an open-label study to
investigate the efficacy and tolerability of high dose
induction therapy with consensus interferon (CIFN) and
ribavirin in treatment of naiive patients with chronic
hepatitis C. Fifty-eight patients who were former iv drug
users, were enrolled receiving 18 μg of CIFN daily for
8 wk, followed by 9 μg daily for up to wk 24 or 48 and
800 mg of ribavirin daily. End point of the study was
tolerability and eradication of the virus at wk 48 and
sustained virological response at wk 72.
RESULTS: More than 62% of patients responded to
the treatment with CIFN at wk 24 or 48, respectively,
showing a negative qualitative PCR [genotype 1
fourteen patients (56%), genotype 2 five (50%),
genotype 3 thirteen (87%), genotype 4 four (50%)].
Forty-eight percent of genotype 1 patients showed
sustained virological response (SVR) six months after the
treatment.
CONCLUSION: CIFN on a daily basis is well tolerated
and side effects like leuko- and thrombocytopenia
are moderate. End of therapy (EOT) rates are slightly
lower than the newer standard therapy with pegylated
interferons. CIFN on a daily basis might be a favourable
therapy regimen for patients with GT1 and high viral load
or for non-responders after failure of standard therapy.
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RNA compared to IFN-2b[7] and shows a 10-time higher
antiviral efficacy[6]. The rationale for daily dosing in our
study was the fact that serum levels of IFN-α given three
times a week were dropping almost below the detection
limit every other day and therefore reducing the antiviral
capability. High initial dosing would reduce the viral load
even further and early virological response (EVR) would
lead to a higher SVR than 9 μg daily[8]. Taking these results
into account, the aim of this study was to look at the
efficacy, tolerability and safety of high dose IFN-alfacon-1
plus ribavirin combination therapy in patients with chronic
hepatitis C.

MATERIALS AND METHODS
Patient population
Patients aged 18 years and older with a serological and
histological diagnosis of chronic HCV infection were
asked to participate in the study. All patients were naïve to
antiviral treatment and were recent iv drug users referred
by a clinic with a detoxification program. Each individual
had to be off drugs for at least 4 to 6 mo, and replacement
medication (e.g. buprenorphine) was allowed. The local
ethics committee approved the study and infor med
consent of patients was obtained prior to serological
and histological testing and antiviral therapy. The study
protocol was in accordance to the 1975 Declaration of
Helsinki.
Inclusion criteria required that patients had detectable
serum HCV-RNA and liver biopsy compatible with a
diagnosis of chronic HCV infection. Exclusion criteria
included decompensated liver disease, hemoglobin
< 12 g/dL for men and women, white blood cell
count < 3000/ μ L, neutrophil count < 1500/ μ L, and
platelet count < 70 000/ μ L. Patients with hepatitis B
virus (HBV) or HIV infection were excluded. Similarly,
patients with antinuclear antibody ≥ 160 or diagnosis of
other chronic liver diseases (hemochromatosis, alpha1antitrypsin deficiency, Wilson’s disease, or other chronic
liver diseases), or who had prior organ transplantation or
hyper- or hypothyroidism were also excluded. A history of
major depression or ongoing alcohol or drug abuse within
the previous 6 mo, renal insufficiency, hemophilia, poorly
controlled diabetes, cardiac disease, immunologically
mediated diseases, active seizure disorders or brain injury
requiring medication for stabilization and pregnancy
were further criteria for not being included in the study.
Eleven patients were on replacement medication including
methadone and codeine.
Study design
The study was a mono-center clinical trial with consecutive
and prospective enrolment. All patients were naïve to
antiviral therapy including IFN and ribavirin. All patients
received a high induction therapy with IFN-alfacon-1, 18
®
μg (Inferax ; Yamanouchi Pharma GmbH, Heidelberg,
now Astellas Pharma GmbH, Munich) subcutaneously
daily for eight weeks, followed by 9 μg subcutaneously
daily until the end of treatment. Ribavirin (Meduna
Pharma GmbH, Isernhagen, Germany), 800 mg daily,
www.wjgnet.com
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was administered bid over the whole treatment period. If
HCV RNA levels were detectable after 24 wk, treatment
was considered as failure and stopped; if HCV RNA
was undetectable at wk 24, treatment was continued for
a total of 48 wk in HCV genotypes 1 and 4. Treatment
of genotypes 2 and 3 was stopped after 24 wk in general.
After therapy was ended, patients were followed up for an
additional 24 wk.
It was initially planned to treat 100 patients. However,
after 58 subjects were enrolled, recruitment was suspended
because of ethical concern following the release of
peg ylated IFN α -2b which became the standard of
treatment.
Identification of genotype
HCV genotyping was performed using the INNO-LiPA
HCV Ⅱ kit assay (Innogenetics, Gent, Belgium).
Serum HCV RNA
Reverse-transcription polymerase chain reaction was
perfor med using the Cobas Amplicor hepatitis C
monitor test (v2.0, Roche Diagnostics, Grenzach-Wyhlen,
Germany). The results of HCV RNA are expressed
as international units per millilitre based on published
formulas where 2 000 000 copies are equivalent to 800.000
IU/mL[9].
Assessment of efficacy
The primary end point of the study was assessment
of sustained virological response rate defined as loss
of detectable HCV RNA by RT-PCR at wk 72 [24 wk
after end of therapy (EOT)]. A secondary end point
was assessment of the sustained biochemical response
(SBR), defined as nor malization of ser um alanine
aminotransferase (ALT) at wk 72. No second histological
end point was sought. Early virological response (EVR) at
wk 4 was not determined.
Assessment of safety and tolerability
Safety and tolerability assessments were performed at 0, 2,
4, 8, 12, 24, and 48 wk of therapy and then 12 and 24 wk
post-treatment. All adverse events, laboratory test-results,
discontinuation or withdrawal due to adverse events, and
dose reduction were recorded and evaluated.
Statistical analysis
Analysis was based on the intent to treat 48 patients
enrolled in the study. Data were described by rates,
means with standard deviation, medians, and ranges. In
addition, multivariate step-wise logistic regression was
used to identify independent predictors from baseline
characteristics which were associated with SVR in
univariate analysis. All P-values reported were two-sided
and P-values below 5% were considered statistically
significant.

RESULTS
Patients
Between July 2000 and May 2003, 58 patients with chronic
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Table 1 Demographic and clinical characteristics of 58 patients,
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(n = 8)

Figure 1 Response rates (in percent) after end of therapy (EOT) at wk 24 or 48
and sustained virological response (SVR) after 48 or 72 wk after beginning of
antiviral therapy. Two patients with genotype 1 showed a relapse of the hepatitis
C virus during 6 mo of follow at wk 72. In two patients genotype was not evaluated
prior to therapy. Patients got antiviral treatment for 48 wk and both achieved SVR at
wk 72.

HCV infection were enrolled at our site in Luebeck.
Of these patients, 57% were men and 43% women.
All patients were of Caucasian origin and the mean age
was 36 years. Ninety percent of the patients showed a
histological diagnosis of chronic hepatitis and only 2%
showed histologically cirrhosis that was deemed clinically
compensated. The mean serum HCV RNA concentration
was 617.000 IU/mL. Fifty-two percent of the patients
were infected with genotype 1. Genotypes 2 and 3 were
present in 39% of the patients and 4% of the patients
showed genotype 4. The baseline characteristics are shown
in Table 1.
Efficacy
Overall, 62% of the patients showed a sustained
virological response (SVR) at the end of therapy, whereas
16 individuals did not respond to the therapy. ALT levels
dropped significantly from initially elevated levels during
the first 12 wk of therapy, whereas AST and bilirubin
were stable in the normal laboratory range. Fifty-six
percent and 50% of the patients with genotypes 1 and
4, respectively, showed a virological response at the end
of treatment, while 48% and 48% respectively, reached a
sustained virological response at wk 72. In the group of
patients with easy to treat genotypes 2 and 3, 50% and
87% respectively, achieved a negative HCV-PCR at the end
of treatment and no relapse occurred in these 19 patients
until wk 48 (Figure 1). The patients with a low viral load
(< 800.000 IU/mL) initially had a slightly greater chance
of achieving SVR compared to those with a high viral
load (48% vs 40%) irrespective of their genotype (Table
2). Women responded slightly better to therapy than men.
The drop in viral load was accompanied with a significant
decrease in ALT levels throughout the first three months
of therapy (57 U/L to 22 U/L). AST levels were in their
normal range at the beginning of treatment and there was
only little if any further normalisation (25 U/L to 17 U/L).
In some patients bilirubin was slightly elevated as well

Mean age, years, (range)
Sex
Male
Female
Race
Caucasian
ALT, IU/L (range)
HCV-RNA level, > 800.000 IU/mL
Mean level, IU/mL
HCV genotype
1, 1a, 1b, 4
2a, 2b, 3
Not available
HCV genotype 1 and HCV-RNA > 800.000 IU/mL
Liver biopsy (available in 56 out of 58 patients)
No chronic hepatitis
Chronic hepatitis
Cirrhosis
Co-medication
Methadone
Codeine

36 (22–62)
33
25
48 (100)
57 (9-263)
23 (40)
615.000
32 (55)
24 (42)
2 (3)
19 (33)
10 (17)
43 (74)
3 (5)
4 (7)
7 (12)

Table 2 Sustained viralogical response by HCV genotype,
gender and sex (wk 72), n (%)
All genotypes
< 800.000 IU/mL
≥ 800.000 IU/mL
Genotype 1
< 800.000 IU/mL
≥ 800.000 IU/mL
Non-genotype 1
< 800.000 IU/mL
≥ 800.000 IU/mL
Sex
Male
Female

23/33 (70)
13/25 (52)
5/6 (83)
9/19 (47)
18/27 (67)
4/6 (67)
16/33 (49)
14/25 (56)

Sixteen patients who failed to follow up, dropped off the study due to side
effects or died and were taken as non-responders, n = 58.

but showed normal levels at the end of therapy (data not
shown). There was no positive correlation between either
genotype or ALT or SVR (data not shown).
Neither consensus interferon (CIFN) nor ribavirin
dosing had to be modified throughout the therapy in any
patient.
Co-medication with either methadone or codeine did
not play a role in treating patients with HCV. Neither
dosage nor application of replacement medicine had to
be adjusted. The patients on replacement medication
did not succeed in regard to SVR compared to those
without methadone or codeine (data not shown). Ninetytwo percent of the patients, who did achieve sustained
virological response, took more than 80% of medication
throughout the whole treatment period, demonstrating a
remarkably high adherence to antiviral therapy.
However, only 2 out of all patients (all genotype 1)
with negative PCR at wk 48 (EOT) had a virological
relapse during the follow-up period between wk 48 and 72.
www.wjgnet.com
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Table 3 Frequency of laboratory abnormalities (n = 58)
Event
Neutropenia
< 1500
< 1000
< 500
Anemia
< 10.5 g
< 8.5 g
Platelets
< 100.000
< 50.000

n
21
10
1
1
0
4
0

Tolerablity
Seven patients showed a relapse of their intravenous drug
abuse prior to the end of therapy and one 28-year old male
patient died due to a heroin overdose. Six patients stoped
therapy due to treatment-related side-effects (bleeding
due to low platelets). Two patients did not show up for
follow-up visits during antiviral treatment. No patient
showed evidence of hypocalcemia, previously reported for
daily dosing of CIFN[10]. Liver function in all patients was
stable as measured clinically and by testing of coagulation
function and serum albumin (data not shown).
Safety and adverse events
There was one serious adverse event 8 wk after beginning
of therapy, leading to a death due to an overdose of
intravenous heroin abuse. Six patients showed a restart of
their iv drug abuse while on combination therapy. One
patient developed a major depression, one female patient
showed a significant drop in platelets (43.000/μL), one
showed recurrent epistaxis (89.000/ μ L) and one male
patient showed a long- lasting episode of arthritis and
suicidal thoughts. Otherwise dose modifications due to
adverse events were not necessary in any patient.
The spectrum of side effects of daily high dose
induction therapy with CIFN was similar to previous trials
with IFN and ribavirin. All the 58 patients were included
in safety analysis. All the patients experienced flu-like
symptoms (100%). Most of them experienced fatigue
(93%), headache (91%), cough (72%), and mood disorders
(87%). Two patients experienced bleeding disorders
due to low platelets [e.g. bleeding gingivitis (101/nL),
epistaxis (89/nL)] and one patient was taken off antiviral
medication due to a significant drop of WBC (Table 3).
One patient did not receive further treatment at wk 8 due
to impaired vision, myalgia, and suicidal thoughts. None
of the patient experiencing mood disorders required any
psychopharmacological co-medication.
In patients with significant neutropenia, this side effect
occurred mostly during wk 6 and 8 of therapy, after being
treated with high dose CIFN for the first 8 wk. GMCSF
was not administered since low neutrophil count always
returned to almost normal level in all patients by reducing
daily CIFN dosing to 9 μg daily according to the study
protocol. Neither platelets nor blood transfusion was given
in patients with low platelets due to CIFN or anemia due
to ribavirin.
One severe adverse event occurred due to the relapse
www.wjgnet.com
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Table 4 Questionnaire (Int. Quality of Life Assessment SF-36).
Listed are those answers presenting the majority of possible
answers (%)
wk 0
Personal feeling
Personal feeling compared to last week
Impaired physical activity
Impaired physical activity compared
to last week
Emotional problems
Pain
Pain last week
Feeling depressed
Feeling happy
Feeling tired
Impaired personal contact to relatives
and friends due to disease
“I’m feeling fit like others”
“I’m feeling healthy”
“I expect not to feel healthy”

wk 12

Very good (76)
Good (77)
Never (90)
Never (88)

Good (63)
Better (55)
Slightly (77)
Slightly (73)

Never (93)
None (90)
None (83)
Never (88)
Often (85)
Seldom (77)
Never (88)

Never (48)
None (30)
None (54)
Seldom (45)
Sometimes (50)
Sometimes (51)
Seldom (71)

Mostly (94)
No (37)
Mostly (78)
No (65)
Do not know (44) No (32)

of intravenous drug use followed by a lethal overdose
injection. Five other patients took intravenous drugs as
well and were immediately taken off the antiviral study
drugs.
International quality of life assessment
Because personal mental and physical components of
health of a patient undergoing such an antiviral therapy is
important, each patient was requested to answer a widely
accepted questionnaire (IQOLA SF-36, German Acute
version 1.0) with respect to the quality of life at wk 0 and 12.
There was a decrease in well being after 12 wk of
therapy, but a significant number felt better after finishing
the high induction treatment period. The physical activity
in most patients was slightly impaired 3 mo after therapy
(Table 4). There was a significant increase in emotional
distress at wk 12 compared to wk 0, possibly due to CIFN.
More patients experienced physical pain (70%), depression
(50%), unhappiness (50%) and tiredness (51%) at wk 12,
while personal contact to friends and relatives was not
influenced by therapy (29%). Due to the side effects, fewer
people (35%) felt healthy three months after the beginning
of treatment and 68% did not feel healthy during the
upcoming treatment phase.

DISCUSSION
Chronic hepatitis C virus infection is responsible for
an increase in morbidity and mortality. This is the first
study on the treatment of naïve patients with chronic
HCV infection with high-dosing of IFN-alfacon-1 in
combination with ribavirin. Recent intravenous drug
addicts can be successfully treated for HCV and the
response rates are as good as in patients without iv drug
history.
The goal of our study was to address the issue of
efficacy, tolerability and safety of daily high dose induction
therapy with consensus-interferon (CIFN) and ribavirin
in naïve HCV-infected patients. However, the usually
recommended dosing of CIFN is 9 μg, three times a week
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at the beginning of the trial. Ribavirin was given on a daily
basis at 800 mg, irrespective of the genotyping. Weightbased dosing of ribavirin for therapy in HCV genotypes
1 and 4 has been introduced after several studies were
conducted in 2001[3].
All patients received a higher dosage of interferon (18
μg of CIFN subcutaneously daily for up to 8 wk followed
by 9 μg daily) in combination with ribavirin for 24 or 48
wk. The patients were then carefully followed up for an
additional 24 wk.
The overall response rate was 62 % showing a
sustained virological response (SVR) 24 wk after the EOT.
There was a slight difference (P < 0.05) in response rates
in regard to the initial viral load. The patients with a low
viral load (< 800.000 IU/mL) responded better (70% vs
52%) than those with a high viral load. These results are
comparable to data (54%) obtained with pegylated α-2b/
ribavirin[3].
There was a significant difference (P < 0.01) in
response rates for the patients with a high viral load. With
respect to genotyping, the patients with non-genotype
1 showed a SVR rate of 67% compared to 47% in the
genotype 1 patients, even though the number of patients
in the later group was quite small. In contrast, different
response rates were obtained for HCV-infected patients
presenting a low viral load initially. The non-genotype 1
patients showed a 64% SVR rate compared to 83% for
the genotype 1-infected individuals. This fact might be
explained by the small number of patients presenting
genotype 1 and low-viral load. Overall, the patients with
genotype 1 and high viral load showed an acceptable
response rate, which is in accordance to Sjögren et al[11],
showing a higher response rate for this population treated
with CIFN and ribavirin instead of pegylated interferon
α-2b and ribavirin (46% vs 14%).
In this treatment-naïve patient population, neither
baseline ALT nor genotype was significantly associated
with SVR, similar to other reports comparing treatment of
non-responders with either CIFN or pegylated interferon
[15]
α-2b in combination with ribavirin .
Adherence to therapy is another important issue for
success of treatment[12]. Therapy with a wide range of side
effects is less favourable and therefore less successful in
achieving SVR. In our study, the overall adherence was
good and comparable to previous studies[13]. It is known
that HCV-1-infected patients maintained on > 80% of
their interferon or peginterferon α-2b and ribavirin dosage
for the duration of treatment have enhanced sustained
response rates. In addition, some results suggest that
adherence enhances the likelihood of achieving an initial
virologic response[12].
However, the rate of reuse of intravenous drugs in
almost 10% of patients (6 out of 58 patients) is substantial
and accounts partly for the high drop-out rate in our study
even though former iv drug users had to be off active
drug use for at least 6 mo prior to study enrolment.
The increased side effects in patients treated with
CIFN at a high induction rate (18 μg vs 9 μg daily) can
result in a higher drop out rate [14,15]. The initial rapid
decline in viral load at wk 4 is counteracted by increased
side effects, resulting in a lesser SVR rate, at least in non
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responders[15].
In conclusion, the safety and tolerability profile of this
treatment is reasonable in a certain subset of patients, but
might be difficult to tolerate in some individuals, resulting
in discontinuation of therapy. However, these data suggest
that CIFN may be safely combined with ribavirin and
enhance the sustained response rate when close monitoring
of side-effects and laboratory results are obeyed [10] .
Patients with chronic hepatitis C and genotype 2 or 3
should be treated with pegylated interferon α-2a or 2b in
combination with ribavirin for up to 24 wk[16], respectively.
In difficult-to-treat patients with genotype 1 and high viral
load, a daily therapy regimen with consensus interferon in
combination with ribavirin might be of choice as well as in
non-responders to combination therapy[15,17].
This is the first study showing that recent iv drug users
can be safely and successfully treated for HCV if they are
closely monitored.
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Abstract

INTRODUCTION

AIM: To compare rigid proctoscope and flexible endoscope
for elastic band ligation of internal hemorrhoids.

The initial treatment of symptomatic internal hemorrhoids is conservative and consists of a fiber enriched diet,
increased fluid intake, prevention of straining and local
hygiene, which may be combined with local anesthetic and
antiphlogistic medication[1,2]. Over 90% of patients with
symptomatic hemorrhoids can be treated conservatively
or by rubber band ligation. Infrared coagulation and cryotherapy are also options, but are no longer commonly applied[3]. Surgery is reserved for the most severe cases. Since
the early sixties the treatment of choice for persisting
internal hemorrhoids is elastic band ligation by means of a
rigid proctoscope (Barron ligation)[4,5]. Wrobleski et al[6] reported results of long term follow up (mean of 60 mo) of
266 patients; 80% had fewer symptoms and 69% had no
symptoms. The procedure is usually safe and can be easily repeated[7]. Some studies evaluated the use of a flexible
endoscope equipped with a ligation cap, normally used for
ligation of esophageal varices, in treating hemorrhoids[8-11].
A flexible endoscope could have some advantages such as
more maneuverability, a wider view and photographic documentation. The present prospective randomized trial was
performed to compare both techniques in effectiveness.
Additionally we used a three-dimensional endosonography
to evaluate changes in the submucosa and sphincter defects.

METHODS: Patients between 18 and 80 years old, with
chronic complaints (blood loss, pain, itching or prolapse)
of internal hemorrhoids of grade I-Ⅲ, were randomized
to elastic band ligation by rigid proctoscope or flexible
endoscope (preloaded with 7 bands). Patients were retreated every 6 wk until the cessation of complaints.
Evaluation by three-dimensional anal endosonography
was performed.
RESULTS: Forty-one patients were included (median
age 52.0, range 27-79 years, 20 men). Nineteen patients
were treated with a rigid proctoscope and twenty
two with a flexible endoscope. Twenty-nine patients
had grade I hemorrhoids, 9 patients had grade Ⅱ
hemorrhoids and 3 patients had grade Ⅲ hemorrhoids.
All patients needed a minimum of 1 treatment and a
maximum of 3 treatments. A median of 4.0 bands was
used in the rigid proctoscope group and a median of
6.0 bands was used in the flexible endoscope group
(P < 0.05). Pain after ligation tended to be more
frequent in patients treated with the flexible endoscope
(first treatment: 3 vs 10 patients, P < 0.05). Threedimensional endosonography showed no sphincter
defects or alterations in submucosal thickness.
CONCLUSION: Both techniques are easy to perform,
well tolerated and have a good and fast effect. It
is easier to perform more ligations with the flexible
endoscope. Additional advantages of the flexible scope
are the maneuverability and photographic documentation.
However, treatment with the flexible endoscope might be
more painful and is more expensive.

Key words: Hemorrhoids; Barron ligation; Rigid scope;
Endoscope; Anal endosonography
Cazemier M, Felt-Bersma RJF, Cuesta MA, Mulder CJJ. Elastic
band ligation of hemorrhoids: Flexible gastroscope or rigid
proctoscope? World J Gastroenterol 2007; 13(4): 585-587
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MATERIALS AND METHODS
Patients between 18 and 80 years old, with chronic complaints (blood loss, pain, itching or prolapse) of internal
hemorrhoids grade I-Ⅲ, were randomized by computer
software to elastic band ligation by rigid proctoscope or
gastroscope (Olympus Excera®). Patients were re-treated
every 6 wk till the cessation of complaints.
The rigid proctoscope was gently introduced and then
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Proctoscope

22

Age [median (range)]

53 (27-75)

50.5 (33-79)

Male/Female
Hemorrhoids grade I

a

Gastroscope

19
7/12

Number 4

Figure 1 Picture showing the
retroflexed endoscopic view
after ligation.

Table 1 Patient characteristics and results

n

Volume 13

13/9

15

14

Hemorrhoids grade Ⅱ

4

5

Hemorrhoids grade Ⅲ

0

3

No of treatments [median (range)]

1.0 (1-3)

1.0 (1-3)

No of total ligations [median (range)]

4.0 (2-10)

6.0 (1-15)a

Pain after treatment

3

10a

Cost

3 euro

150 euro

P < 0.05 vs proctoscope.

elastic bands were applied using a standard elastic band applicator in anterograde fashion. For endoscopic ligation, a
single-use multiband ligator device (Sevenshooter®, Boston
Scientific, USA) was attached to the end of a gastroscope.
The device can only be attached to a gastroscope. The
Sevenshooter is provided with 7 bands. The hemorrhoids
were suctioned into the ligation cap in either retrograde
or antegrade fashion. The number of bands applied depended on the amount of hemorrhoidal tissue present. All
treatments were performed in an outpatient setting.
A three-dimensional anal endosonography was made
before the first treatment and 6 wk after the last treatment.
Endosonography was performed, using a three dimensional diagnostic ultrasound system (Hawk type 2102, B-K
Medical) with a 16 MHz rotating endoprobe (type 1850,
focal range 2 to 4.5 cm) covered by a hard sonolucent cone
(diameter 1.7 cm) filled with water, producing a 360° view.
Three dimensional anal endosonography was performed
according to a standard procedure. The endoprobe was
covered with a lubricated condom which was filled with
ultrasound gel. The probe was then introduced into the
rectum and a recording was made of the distal part of the
rectum, the puborectalis muscle and the anal canal. After
the endosonography, images were reconstructed to three
dimensional images by computer software. The Medical
Ethical Committee granted approval for this study.
Statistical analysis
Data are presented as a median with range. Differences
between groups were assessed with a Mann-Whitney test,
Chi square test or Fischer’s exact test when appropriate. P
< 0.05 was taken as significant.

RESULTS
Detailed demographic and clinical data are shown in Table 1.
Forty-one patients (median age 52, range 27-79 years, 20
men) with recurrent rectal bleeding, pain, itching or prolapse underwent ligation. Nobody had been treated previously. All procedures were easy to perform. Sometimes, in
patients treated with the flexible endoscope, a rectal enema
was needed when the rectum was not clean.
Nineteen patients were treated with a rigid proctoscope
and twenty two with a flexible endoscope. Twenty-nine,
9, and 3 patients had grade I, Ⅱ and Ⅲ hemorrhoids,
www.wjgnet.com

respectively.
Patients treated with a proctoscope needed a median
of 1 treatment (range 1-3) and patients treated with an
endoscope also needed a median of 1 treatment (range
1-3, P = 0.664).
A median of 4 bands (range 2-10) was used in the rigid
proctoscope group and a median of 6 bands (range 1-15)
was used in the flexible endoscope group (P < 0.05) (Figure 1).
In the group treated with a rigid proctoscope, 5
patients needed 1 re-treatment and 1 patient needed 2 retreatments. In the group treated with a flexible endocope,
2 patients needed 1 re-treatment and 1 patient needed 2 retreatments.
Two patients were excluded from follow up: One
patient had a rupture of an abdominal aortic aneurysm
and 1 patient developed an anal fissure.
Pain after ligation was more frequent in patients
treated with the flexible endoscope (first treatment: 3
vs 10 patients, P < 0.05). The single-use ligation device
(Sevenshooter®) costs approximately 150 euro for one set
(2005). One elastic band for the rigid proctoscope costs
approximately 0.50 euro. Further costs (cleaning of the
gastroscope and proctoscope, personnel costs) did not
substantially differ between both techniques.
With three-dimensional endosonography 30 patients
were evaluated before and after treatment. Hemorrhoidal
tissue was clearly visible in all patients. No sphincter
defects were found before and after treatment and there
was no significant change in submucosa thickness after
endoscopic/proctoscopic treatment (Figure 2). After
one year follow up, 5 patients needed re-treatment (2
proctoscope, 3 gastroscope).

DISCUSSION
Hemorrhoids are a major health problem; the communitywide prevalence in the Western World is reported to
be around 4%. Adequate intake of fluids and fiber, use
of suppositories, stool softeners and topical creams are
important in the treatment of hemorrhoids, especially in
grade I disease. When conservative treatment fails, there
are still options, including surgical therapy.
Rubber band ligation with a proctoscope is very
effective and inexpensive. Since 2005, it has been the
treatment of choice. Studies have been undertaken
investigating effectiveness and new techniques[12-14].
There have been 4 studies that analyzed the use of

Cazemier M et al . Evaluation with three-dimensional anal endosonography			
-4.0

EAS
SM

IAS

Figure 2 Endosonographic
image showing thickening
of the submucosa. IAS:
Internal anal sphincter; EAS:
External anal sphincter; SM:
Submucosa (hypoechogenic
area is hemorrhoidal).

treatment and is comparable with proctoscopic ligation.
However, the treatment is more expensive.
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Abstract
AIM: To study the effect of some genes especially
those involved in cell cycle regulation on hepatocellular
carcinoma.
METHODS: Paraffin-embedded tissue samples of 25
patients (18 males and 7 females) with hepatocellular
carcinoma were collected from 22 pathology centers
i n Te h ra n d u r i n g 2 0 0 0 - 2 0 0 1 , a n d s t a i n e d u s i n g
immunohistochemistry method (avidin-biotin-peroxidase)
for detection of p53, cyclinD1, RB1, c-fos and N-ras
proteins.
RESULTS: Six (24%), 5 (20%), 12 (48%) and 2 samples
(8%) were positive for p53, cyclinD1, C-fos and N-ras
expression, respectively. Twenty-two (88%) samples
had alterations in the G1 cell-cycle checkpoint protein
expression (RB1 or cyclinD1). P53 positive samples
showed a higher (9 times) risk of being positive for RB1
protein than p53 negative samples. Loss of expression
of RB1 in association with p53 over-expression was
observed in 4 (66.7%) of 6 samples. Loss of expression
of RB1 was seen in all cyclinD1 positive, 20 (90.9%)
N-ras negative, and 11 (50%) C-fos positive samples,
respectively. CyclinD1 positive samples showed a higher
(2.85 and 4.75 times) risk of being positive for c-fos and
N-ras expression than cyclinD1 negative samples.
CONCLUSION: The expression of p53, RB1 and c-fos
genes appears to have a key role in the pathogenesis
of hepatocellular carcinoma in Iran. Simultaneous
overexpression of these genes is significantly associated
with their loss of expression during development of
hepatocellular carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignant tumor of the liver and the fourth most
common cause of cancer-related death in the world[1]. Male
predominance is, however, more obvious in populations
at high risk of developing this tumor (mean ratio 3.7:1.0)
than in those at low or intermediate risk (2.4:1.0)[2].
HCC has a heterogenous geographical distribution.
Countries or regions with the highest incidence (50-120
cases per 100 000 population per year) include China,
Taiwan, Korea and other Southeast Asian countries, as well
as Sub-Saharan Africa. HCC is linked to environmental,
dietary, and lifestyle factors, so that its incidence and
distribution vary widely among ethnic groups, geographic
regions, and the two sexes [3]. Tumor suppressor genes
such as RB1 and p53 may play a significant part in
hepatocarcinogensis [3]. As a favorable background for
neoplastic transformation, cirrhosis is expected to harbor
early genetic changes, but very few studies have been
conducted thus far to address this issue. Ashida et al[4] have
reported in both HCC and adjacent cirrhosis a 60% rate
of loss of heterozygosity (LOH) at 13q, the site of the
RB1 gene. The loss of heterozygosity and abnormalities in
structure and function of the p53 gene are also frequently
found in HCC patients[5]. A specific p53 mutation is found
in more than 50% of HCC patients from India, China
and South Africa, where dietary aflatoxins are suspected
to be the major liver specific carcinogens[5-11]. However, it
occurs less frequently in Western countries[3,5]. Activation
of oncogenes of the “ras” family and others has been
detected during chemically induced HCC in rodents,
but there is little evidence of such activation in human
tumors [12]. CyclinD1 over-expression may be an early
event in hepatocarcinogenesis and plays a role in tumor
differentiation[13]. Yuen et al[14] reported that the expression
of c-fos is significantly higher in tumor tissue than in non-
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tumor tissue. Specific mutations of the p53, cyclinD1,
RB1, c-fos, and N-ras genes and their expression in HCC
have been reported from several parts of the world, but to
the authors’ knowledge to date, the expression status of
these genes has not been studied in HCC patients in Iran,
where the frequency of chronic hepatitis B and C virus
infection as well as exposure to dietary aflatoxin is very
high[15].

MATERIALS AND METHODS
Sample collection
Formalin-fixed and paraffin-embedded tissue samples of
25 patients (18 males and 7 females) with documented
HCC (surgically resected material or biopsy) were provided
for analysis. The samples were collected from 22 pathology
centers in Tehran during 2000-2001. The study was
approved by the Medical Ethics Committee, Ministry of
Health, Iran, as conforming to the ethical guidelines of the
1975 Declaration of Helsinki. Hospital records were used
to verify age, sex and other demographic items.
Tissue preparation
T h e s e s a m p l e s we r e s e c t i o n e d a n d s t a i n e d w i t h
hematoxylin and eosin (HE). Diagnosis of HCC was
confir med and the grade of tumor was deter mined
according to the criteria proposed by the World Health
Organization by the collaborating pathologist in Research
Center for Gastroenterology and Liver Disease.
HCC was considered to be adequate for
immunohistochemical study only if the block was of
adequate size (surface area of section > 4 cm² and >
10% of the surface area of the block was occupied by the
tumor).
Immunostaining
The technique was based on avidin-biotin-peroxidase
method using 10% formaldehyde-fixed and paraffinembedded sections. The selected paraffin blocks were cut
into 5 μm-thick sections. The sections were applied to
precoated glass slides to avoid becoming detached, then
dried at 37℃ overnight followed by drying at 56℃ for 60
min, deparaffinized with xylene and rehydrated through
graded concentrations of alcohol. Antigen retrieval was
performed by 3 × 5-min cycles of microwave oven heating
(750W) at 100℃ in 0.01 mol/L citrate buffer at pH 6.
After washing and rinsing with Tris-buffered saline (TBS,
0.05 M, pH 7.2-7.6), endogenous-peroxidase activity
was blocked with 3% hydrogen peroxide for 10 min at
room temperature and then rinsed with distilled water.
Subsequently, sections were treated for 10 min with 10%
bovine serum albumin (BSA) at room temperature for
blocking nonspecific background staining. Afterward,
primary monoclonal mouse antihuman-p53 protein,
clone DO-7, isotype IgG2bkappa (DAKO, Lot 108) at
dilution 1:100, primary monoclonal mouse antihumanRB1 gene product, clone RB1, isotype IgG1kappa (DAKO,
Lot 019) at dilution 1:50, primary monoclonal mouse
antihuman-cyclinD1, clone DCS-6, isotype IgG2a kappa
(DAKO, Lot 012) at dilution 1:50, primary monoclonal
mouse antihuman-c-fos, clone D-1, isotype IgG2b (Santa
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Cruz Biotechnology Inc., Lot J 251) at dilution 1:100
and primary monoclonal mouse antihuman-N-ras, clone
F155, isotype IgG1 (Santa Cruz Biotechnology Inc., Lot
I 251) at dilution 1:100 were added and incubated in a
moist chamber overnight at 4℃. The sections were again
washed three times in TBS for 5 min using the DAKO
LSAB2 system (Universal, HRP, Lot 10 106). Goat antimouse and anti-rabbit biotinylated IgG (diluted in PBS
containing carrier protein and 0.015 mol/L sodium azide)
and preincubated streptavidin conjugated to horseradish
peroxidase (diluted in PBS containing carrier protein and
anti-microbial agents) were added for 30 min at room
temperature. The sections were washed in TBS as before
and then developed in prepared 3-amino-9-ethylcarbazole
substrate chromogen (AEC/H2O2) for p53 and RB1 and
in prepared 3,3’-diaminobenzidine chromogen solution
(DAB/H2O2) for cyclinD1, c-fos and N-ras for 10 min
at room temperature. The sections were then washed in
water, counterstained with Mayer’s hematoxylin for 2-5
min at room temperature, dehydrated, cleared with 37
mmol/L ammonia water, rinsed in a bath of distilled
water for 2-5 min, finally mounted and coverslipped with
Faramount aqueous-based mounting medium (DAKO,
Lot 00 029). A section of the same tumor incubated in
BSA instead of the primary antibody was included as
the negative control. We used one standard p53 positive
section of human SCC (DAKO, Lot 071-1), one known
RB1 negative retinoblastoma section, one known cyclin
D1 positive breast tumor section, one known c-fos
positive astrocytoma section and one known N-ras positive
lymphoma section as a positive control for each staining.
Assessment of immunostaining
Staining of p53, RB1, cyclinD1, c-fos and N-ras genes was
examined at high power fields (× 400) under a standard
light microscope. Nuclear staining was regarded as positive
if there was homogeneous staining or > 10% of the
cancer cells were heterogeneously stained.
Statistical analysis
The results were expressed as frequency for gene
expression changes and odds ratio for association between
expression changes of these five genes. All statistical tests
were performed with the Program Statistical Package for
the Social Sciences (SPSS version 11, Chicago, IL).

RESULTS
The mean ± SD age of our patients was 60.56 ± 12.52
years and the highest frequency (44%) was seen in the sixth
decade of life. Male to female ratio was 2.57 (18 males and
7 females) and mean ± SD age of patients in each sex was
62.72 ± 10.43 years and 55 ± 16.4 years, respectively.
Histopathology
All the 25 samples were well differentiated (grade Ⅰ).
Accumulation of p53, RB1, cyclinD1, c-fos and N-ras
proteins
Intense immunostaining of p53, RB1, cyclinD1, c-fos and
www.wjgnet.com
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Table 1 Expression of p53 gene in relation to the expression of RB1, cyclinD1, c-fos and N-ras genes, n (%)
Gene
expression
P53 positive
P53 negative

RB1
Positive

Cyclin-D1
Negative

2 (33.3)
4 (66.7)
1 (5.3)
18 (94.7)
OR: 0.1, 95% CI: 0.0-1.5

Positive

c-fos

Negative

2 (33.3)
4 (66.7)
3 (15.8)
16 (84.2)
OR: 2.6, 95% CI: 0.3-21.7

Positive

Negative

4 (66.7)
2 (33.3)
8 (42.1)
11 (57.9)
OR: 2.7, 95% CI: 0.4-18.8

N-ras
Positive

Table 2 RB1 gene expression in relation to the expression of
c-fos and N-ras genes, n (%)

n (%)

Gene
expression

Expression pattern of G1
checkpoint proteins

RB1 positive
RB1 negative

c-fos
Positive

N-ras
Negative

1 (33.3)
2 (66.7)
11 (50)
11 (50)
OR: 0.5, 95% CI: 0.0-6.3

Positive

Negative

0
3 (100)
2 (9.1)
20 (90.9)
OR: 1.1, 95% CI : 0.9-1.2

N-ras proteins was observed in the cell nuclei of tissues.
Overall, six (24%) samples showed nuclear accumulation
of p53 protein in varying proportions of tumor cells, the
rest of the samples (76%) were negative. Twenty-two (88%)
samples showed complete loss of RB1 protein expression
in the primary tumor, the rest of the tumors (12%)
displayed variable proportions of RB1 protein positive
tumor cells. The intensity and subcellular location of the
staining in the tumor were similar to those observed in
the normal epithelia. We detected high levels of cyclinD1
protein in 5 (20%) samples while 20 (80%) samples were
negative for cyclinD1 expression. The frequency of c-fos
and N-ras positive staining was 48% (12 samples) and
8% (2 samples), respectively. The expression of p53 gene
in relation to the expression of RB1, cyclinD1, c-fos
and N-ras genes is depicted in Table 1. The RB1 gene
expression in relation to the expression of c-fos and N-ras
genes is shown in Table 2. Of those samples positive for
the c-fos gene, 1 (8.3%) was N-ras positive and 11 (91.7%)
were N-ras negative. On the other hand, among the c-fos
negative samples, 1 (7.7%) was N-ras positive and 12
(92.3%) were N-ras negative.
When overexpression of p53 was seen, loss of
expression of RB1 was found in 4 (66.7%) samples. Loss
of expression of RB1 was observed in all those with
positive cyclinD1 (5 samples), while expression of RB1
was found in 17 (85%) with negative cyclinD1, and in
3 (15%) samples with positive RB1. CyclinD1 positive
samples showed a higher risk of being positive for C-fos
and N-ras (2.85 and 4.75 times, respectively) than cyclinD1
negative samples. Finally, loss of expression of RB1 was
detected in 2 samples with overexpression of N-ras. On
the other hand, among the samples with loss of expression
of RB1, overexpression of c-fos was found in 11 (50%).
Overall, 22/25 (88%) samples had alterations in the
G1 cell-cycle checkpoint proteins, as assessed by means of
cyclinD1 and RB1 expression (Table 3). These occurred
in 4 (66.6%) of 6 p53-positive samples and in 18 (94.7%)
of 19 p53-negative samples. P53-negative samples showed
absence of the RB1 protein more frequently. P53 positive
samples showed a higher (9 times) risk of being positive
www.wjgnet.com

Negative

1 (16.75)
5 (83.3)
1 (5.3)
18 (94.7)
OR: 3.6, 95% CI: 0.1-68.3

Table 3 G1 checkpoint protein expression in relation to p53,

Rb+/cyclinD1+
Rb-/cyclinD1+
Rb-/cyclinD1Subtotal
Rb+/cyclin D1Total

P53 (+)

P53 (-)

Zero
2 (40)
2 (11.8)
4 (66.6)
2 (66.7)
6 (24)

Zero
3 (60)
15 (88.2)
18 (94.7)
1 (33.3)
19 (76)

P

0.02

for RB1 than p53 negative samples, being 3.6, 2.75, and 2.66
for N-ras, c-fos, and cyclinD1, respectively. In samples
with cyclinD1 positive staining, the risk of being positive
for N-ras was 4.75 times higher in samples with cyclinD1
positive staining than in samples with negative cyclinD1
staining for this protein.

DISCUSSION
Several oncogenic pathways have been implicated in
malignant transformation of liver cells. Inactivation
of the p53 tumor suppressor gene by mutations and
allelic deletions in about 30% of HCC cases has been
associated predominantly with exposure to aflatoxin B1
and hepatitis B virus infection[16]. Activation of cyclinD1,
c-fos and N-ras and disruption of the RB1 pathway are
also commonly involved in liver tumorigenesis. New
major challenges include the identification of candidate
genes located in frequently altered chromosomal regions
and oncogenic pathways driven by different risk factors.
Deranged expression of cell cycle modulators has
been reported to contribute to the development and
progression of HCC[17]. In human HCC, high frequencies
of aberration have been detected in the p53 and RB1
genes[14]. Mutations of the p53 tumor suppressor gene
have been reported to occur with varying frequency in
different geographic regions, which might be a different
etiology for HCC[18]. In our study, nuclear accumulation
of p53 protein was seen in 24% of samples. Mutations
of this gene have been identified in 30%-50% of HCC
patients in some geographic areas[19]. An et al[20] reported
that there is histological heterogeneity in established HCC,
which is accompanied with increased proliferative activity
and p53 overexpression. Overexpression of p53 has
identified in 37.5% of Japanese HCC patients and 62.5%
of Indonesian HCC patients[18]. Recently, Ming et al[21] also
showed that the frequency of mutation of p53 gene is
much higher in high prevalent HCC area than in the lowrisk HCC area in China. More than 95% cancer specimens
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exhibit strong intranuclear accumulation of p53 protein,
which can be detected by immunohistology. However,
Biersing et al[22] and Vesey[23] have found little or no point
mutations of p53 gene in human hepatocarcinoma in
Swedish and Australian patients. Therefore overexpression
of p53 protein in hepatocarcinoma specimens can be used
as the mutant p53 biopathological marker in tumor tissues.
Qin et al[8] reported that accumulation of p53 is a valuable
marker for predicting the prognosis of HCC patients.
Lin GY et al [7] reported that inactivation of the tumor
suppressor genes p53 and RB1 has been demonstrated
in different forms, and implies the pathogenesis of
human malignant diseases. The study of Kondoh et al[24]
supports the idea that deletion or inactivation of tumor
suppressors including RB1, p53 and other candidate
genes seems to be common events in HCC development.
Abnormalities of the RB1 tumor suppressor gene have
been found in 20%-25% of HCCs, including 80%-86%
of HCCs with p53 mutations[19]. Nishida et al[25] reported
that RB1 protein is positive in 85.6% of HCC cases
but is not related to any clinicopathological parameters.
Positive immunostaining for RB1 and mutant p53 protein
is detectable in 58% and 37% of HCCs, respectively[26].
Loss of expression of RB1 in HCC has been reported
in several studies[21,27]. In this study, loss of expression
of RB1 gene was found in 88% of samples. The protooncogene c-fos is involved in cell cycle progression and
cellular proliferation [14]. Abuthnot et al[28] reported that
c-myc and c-fos mRNA, as well as their protein products,
are increased in human liver cancers. Wang et al[29] have
also found an apparently higher expression of N-ras and
c-fos in human hepatoma than in its adjacent liver tissue.
Recently, Feng et al[30,31] reported that the positive rates and
signal intensity of c-fos and some other proteins in HCC
are significantly higher than those in pericarcinomatous
tissues. Yuen et al[14] found that the expression of c-fos
was significantly higher in tumor tissue than in nontumor
tissue (91% vs 0%, P < 0.0001). C-fos primarily induces
cyclinD1 up-regulation by a mediator called MAPK/
ERK[32]. In our study, the expression of c-fos gene was
detected in 48% of patients with documented HCC.
There was no significant relationship between c-fos and
Cyclin-D1 expressions. Aflatoxin B1 may evoke an intense
and prolonged expression of c-fos, including persistent
signals for regeneration, which in turn may activate the
replication of immature cells[33]. CyclinD1 is frequently
overexpressed in a variety of cancers, including HCC, as a
result of gene amplification. Overexpression of cyclinD1
protein, through gene amplification, correlates with poor
prognosis of several cancers, but its role in HCC is the
subject of controversy. Increased expression of cyclinD1
may play an important role in the development of HCC
owing to the perturbation of normal control of the cell
cycle[34]. On the other hand, Azechi et al[35] reported that
cyclinD1 is a known oncogene and a key regulator of cell
cycle progression. Amplification of the cyclinD1 gene and
its overexpression are associated with aggressive forms of
HCC. Overexpression of cyclinD1 is sufficient to initiate
hepatocellular carcinogenesis. Choi et al [17] and Deane
et al[36] have found a positive relationship between cyclinD1
overexpression and advanced tumor stage and aberrant
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p53 expression in HCC (P < 0.05). Joo et al[13] reported that
cyclinD1 overexpression may confer additional growth
advantages to the tumor in addition to protein RB1
inactivation in HCC. On the contrary, Sato et al[37] have
found no significant relationship between the expressions
of cyclinD1 and p53. Ito et al[38] conducted a simultaneous
immunohistochemical study with p53 and cyclinD1
antibody in the same series of HCC and revealed that 88%
of the patients positive for cyclinD1 also expressed p53
and 91% of the patients negative for p53 did not express
cyclinD1, suggesting that cyclinD1 is expressed later than
the alteration of p53 in the progression of human HCC.
In our study, cyclinD1 was positively related to aberrant
p53 expression. In HCC, N-ras was first proved as one
of the transforming genes [39], which belongs to the G
protein family. When it is converted to an active oncogene
by point mutation, chromosome rearrangement or gene
amplification, the signal transmission of cell membranes
may change, which drives cell division, leading to abnormal
differentiation and formation of neoplasm. Cerruti[40] and
Tada[41] reported that the mutagenesis of a proto-oncogene
from “ras” family and p53 tumor suppressor gene might be
the most important event in HCC. Tabor[19] reported that
overexpression of oncogenes N-ras and c-fos has been
found in high percentages of HCC patients. Imai et al[42]
and Tamano et al[43] found that mutations of ras oncogene
may be the early events, and the expression in tumor or
non-tumor tissues can be detected with different rates. Luo
et al[26] reported that N-ras and p53 genes might be involved
in the carcinogenesis and development of HCC. They
also showed that mutation of the tumor suppressor gene
p53 can convert ras gene into oncogene. In their study,
38% of HCCs with N-ras gene mutation did not express
p53 protein, indicating that some other genes or factors
may participate in the carcinogenesis and development of
HCC. In our study, 83% of p53 positive samples did not
show N-ras mutation. Chao et al[9] suggested that activation
of the ras gene might not be a major event in aflatoxinrelated human hepatocarcinogenesis. This hypothesis
is supported by another study[44] conducted in southern
Africa on Blacks, where dietary exposure to aflatoxin is a
risk factor.
In conclusion, as in other parts of the world, the
change in expression pattern of these genes especially
p53, RB1 and c-fos, appears to have a key role in the
pathogenesis of HCC in Iran. There is likely a relation
between the simultaneous changes in these genes during
development of HCC. This research might shed some
light on the carcinogenic role of the expression of p53,
RB1, cyclinD1, c-fos and N-ras genes. Besides, in order to
understand the exact role of these changes in development
of HCC, further studies with a larger number of samples
are essential.
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Abstract
AIM: To investigate some possible etiologies of
achalasia by screening patients with achalasia for some
autoimmune diseases such as thyroid disease.
METHODS: We examined 30 known cases of achalasia
(20 females, 10 males). Their age ranged 15-70 years.
All of them were referred to our institute for treatment.
Their sera were evaluated to detect some possible
associations with rheumatoid disease, thyroid disease,
inflammatory process, anemia, etc .
RESULTS: Seven out of 30 patients (23%) had thyroid
disease including four patients with hypothyroidism
(13.3%), two patients with hyperthyroidism (6.6%),
and one had only thyroid nodule but was in euthyroid
state (3.3%). Two of these hypothyroid patients had
no related clinical symptoms (subclinical) and two had
clinical manifestations of hypothyroidism. There were
no correlations between the intensity of thyroid diseases
and the severity of achalasia symptoms.
CONCLUSION: The etiology of achalasia is unknown
although autoimmunity has been implicated and is
supported by several studies. Thyroid disease presents
concomitantly with achalasia in about one fourth of our
patients who may have a common etiology.
© 2007 The WJG Press. All rights reserved.

Key words: Achalasia; Thyroid disease; Hypothyroidism;
Esophageal motility; Etiology
Emami MH, Raisi M, Amini J, Daghaghzadeh H. Achalasia
and thyroid disease. World J Gastroenterol 2007; 13(4):
594-599
http://www.wjgnet.com/1007-9327/13/594.asp

www.wjgnet.com

INTRODUCTION
Achalasia is a common and well characterized primary
motility disorder of the esophageal body and lower
esophageal sphincter (LES), causing impaired progressive
peristalsis in the esophageal body, incomplete relaxation
of LES during swallowing, and sometimes increased
abnormal relaxation of the LES pressure. Previous studies
evaluating esophagomyotomy and esophageal resection
specimens have shown that the presence of myenteric
inflammation is a consistent and early pathologic change
in patients with achalasia[1,2]. The disorder is observed in
both genders primarily in the fifth and sixth decades of
life, although achalasia can present at any age[3,4]. The cause
of the degeneration of neurons in achalasia is not known.
The observations that achalasia is associated with HLADQw1 and that affected patients often have circulating
antibodies to enteric neurons suggest that achalasia may
be an autoimmune disorder[5-7]. Nonspecific degeneration
of smooth muscle cells and a loss of small nerve fibers
have been reported[8-10]. Another controversial issue is the
role of inflammatory infiltrates in the pathogenesis of the
disease. A study has suggested that complement activation
is involved in the autoimmune pathogenesis of achalasia[11].
Achalasia is associated with extra esophageal autonomic
nervous dysfunction that involves cardiovascular and
papillary function as well as regulation of mesenteric
arterial blood flow[12]. Some investigators have proposed
that achalasia may result from chronic infections with
herpes zoster or measles viruses, but modern studies have
not confirmed an association between achalasia and any
recognized viral disease[13,14]. However, a recent study also
showed that there is no association between the most
common viruses and achalasia[14]. As myenteric neurons
synthesizing nitric oxide are responsible for the inhibitory
component of esophageal peristalsis and LES relaxation, it
is considered likely that these neurons are involved in this
disease[15,16].
Since there is no consistent single abnor mality
in achalasia, this study was designed to evaluate the
r e l a t i o n s h i p b e t we e n a ch a l a s i a a n d s o m e o f th e
commonest autoimmune diseases.

MATERIALS AND METHODS
Patients
All 42 newly diagnosed patients referred between 2001
and 2005 to our research center (Poursina Hakim Research
Institution, Gastroenterology Division, Isfahan, Iran) were
examined prospectively and enrolled in the study. Poursina
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Hakim Institution is a reference tertiary care center that
services a population of about 4 000 000 individuals in
the central area of Iran. Of the 42 enrolled cases in the
study based on clinical and radiological findings, 6 patients
with pseudoachalasia but without endoscopic features of
achalasia were excluded due to non-compliance (one case)
or some other reasons such as loss of follow-up due to
changing their address or phone number, immigration
to other provinces and admission by other physicians far
from our institution. Finally 30 cases were included. Their
symptoms, laboratory results, and historical and functional
data were recorded. Achalasia was defined by clinical
criteria, namely prolonged (more than 1 year) intermittent
or progressive dysphagia to liquids and solids in addition to
some other minor symptoms such as regurgitation, chest
pain and nocturnal cough plus barium swallow with a typical
beak like appearance. We obtained posterior-anterior chest
x ray radiographies at 1, 5, and 20 min after a single barium
meal to assess barium column and measure its heights and
widths as well as the delay time of esophageal clearance (timed
barium swallow). Upper gastrointestinal endoscopy was done
to confirm the diagnosis and to rule out secondary achalasia
(such as esophageal tumors of cardia and fundus, submucosal
tumor of distal esophagus, peptic stricture and other mucosal
or infiltrative lesions of the esophagus or gastric cardia).
Endoscopic findings suggestive of achalasia may be seen and
are very helpful if endoscopy is done carefully by experts
in this field. Some of the suggestive criteria for achalasia
are as following: esophageal dilation, esophageal dysmotility
or aperistalsis in response to air insufflations, abnormal
LES opening and high pressure LES during scope passage.
Manometery although very helpful especially in early stages
of the disease, was not available in our province at the time
of the study, so it was not done for most of them.
Exclusion criteria included those found to have
an underlying malignancy during the study, any types
of generalized neuropathies, diabetes mellitus, noncompliance or unwillingness of patients to continue the
study, and finally those lost to follow up by any reason.
The patients’ history was taken using a structured
questionnaire. We interviewed, examined and completed
a questionnaire designed to detect possibility of
connective tissue and autoimmune diseases, other
gastrointestinal motility disorders, diabetes mellitus, use of
immunosuppressive medications, chronic viral illnesses,
thyroid problems, usage of a regular immunosuppressive
medication and also habits and addictions for all patients.
Informed consent was obtained from all patients. None of
the patients underwent surgical therapy.
Laboratory methods
After diagnosis of achalasia, all patients were screened for
a set of selected autoimmune disease and other markers
as shown in Table 1. Serum factors were evaluated by
biochemical techniques. A double check of laboratory tests
was conducted by a second laboratory to assure validity
of abnormal results. Equivocal laboratory results were
rechecked by a reference laboratory.
Symptoms
Clinical data reg arding symptoms of dysphagia,
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Table 1 Test and methods used in this study
Test title

Kit

Manufactured
country

Anti nuclear anti body
(ANA)

Biostems

Spain

Antineutrophil cytoplasm
antibody (c-ANCA)

Binding site

England

Calcium

Man

Iran

Phosphorus

Man

Iran

Alkaline phosphatase

Man

Iran

Thyroid stimulating
hormone(TSH)

Isfahan pharmacology
faculty

Iran

T3 Resin uptake

kavoshiar

Iran

T3, T4

Isfahan pharmacology
faculty

Iran

Albumin

Man

Iran

Globulin

Man

Iran

Rapid plasmin reagin (RPR)

Anison

Iran

Urine analysis

Combi

Germany

Complete blood count

-

Germany

All tests except for urine analysis were performed on blood or serum
samples.

regurgitation, and chest pain, nocturnal cough and pyrosis
were collected by means of a validated questionnaire.
Dysphagia was described as difficulty in swallowing, and
regurgitation as the sensation of stomach contents going
up the esophagus. The frequency of each symptom was
graded on a scale ranging from 0 to 5 (0 = none, 1 = once
per month or less, 2 = once per week up to three to four
times a month, 3 = two to four times per week, 4 = once
per day, 5 = several times per day). This scoring system
is similar, but with some modifications, to that used by
Eckardt et al[17] and modified by Vaezi et al[18].
Statistical analysis
For comparison between patients with achalasia and
normal population, Student’s t-test assuming equal variance
was used. In addition, we analyzed the symptoms using the
non-parametric Mann-Whitney test, because the data were
not normally distributed.

RESULTS
Of the 42 newly suspected achalasia patients referred to
our institution, 36 (11 men and 25 women) fulfilled the
participating criteria in the study, but only 30 (20 females,
10 males) finished the study. The remaining six patients
were statistically similar by age and gender to the 30 cases
and they had no unusual reason for their loss of follow-up.
Thyroid disease
Of the 30 patients, 7 had thyroid disease (23.7%), 4 had
hypothyroidism (13.3%), 2 had hyperthyroidism (6.7%)
and one (3.3%) had only a thyroid nodule in euthyroid
state. Two of these hypothyroidism patients had no
related clinical symptoms (subclinical) and two had
clinical manifestations of hypothyroidism. Both patients
with subclinical hypothyroidism were diagnosed in our
www.wjgnet.com

596

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

January 28, 2007

Volume 13

Number 4

Table 2 Average score of all patients and those suffering from thyroid disease respectively (mean ± SD)

Age

Patients with
hypothyroidism

Patients with benign
1
thyroid diseases

Patients without
thyroid problems

Mean score of
all patients

39.5 ± 14.3 a

35.8b ± 11.9b

38.5 ± 18.1

37.9 ± 16.7

Dysphagia

5

4.5 ± 1.1d

4.8 ± 0.45

4.8 ± 0.66

Regurgitation

5e

4.7 ± 0.75f

3.5 ± 1.9

3.8 ± 1.8

Nocturnal cough

2.5 ± 2.8 g

2.5 ± 2.5h

2.5 ± 2.2

Chest discomfort

3.75 ± 1.5 i

2.2 ± 2.1 j

1.86 ± 2.7

0.5 ± 0.5k

0.4 ± 0.5l

0.65 ± 4.08

c

Weight loss

2.5 ± 2.2
1.96 ± 2
0.6 ± 0.49

Scoring system: 0 = none; 1 = once per month or less; 2 = three to four times a month; 3 = two to four times per week; 4 = once per day;
5 = several times per day, 1Composed of thyroid nodules, hypothyroidism and hyperthyroidism. No significant differences between
groups were found by independent t-test, Mann-Witney test and chi-square test. P values of differences between thyroid disease groups
and other patients with achalasia: a: 0.7; b: 0.7; c: 0.5; d: 0.6; e: 0.09; f: 0.1; g: 1; h: 0.97; I: 0.08; j: 0.57; k: 0.6; l: 0.3. (the first and second columns
were compared with the third column).

Table 3 Overall and specific ethnicity and gender of all patients and those suffering from thyroid disease respectively
1

Hypothyroid patients

Benign thyroid diseases

n

%

n

%

n

Without thyroid problems

Number

4

13.3

7

23.7

23

Gender

♂1 ♀3

♂25 ♀75

♂2 ♀5

♂28 ♀72

Ethnicity2

F: 3
B: 1

F: 75
B: 25

F: 5
B: 2

F: 71
B: 28

Total

n

%

76.6

30

100

♂8 ♀15

♂34 ♀66

♂10 ♀20

♂33 ♀67

F: 16
B: 5

F: 69
B: 21

F: 21
B: 7

F: 70
B: 23

%

1

Composed of thyroid nodules, hypothyroidism and hyperthyroidism. 2Composed of the most common ethnicity in patients, F: Fars; B:
Bakhtiari.

screening. One patient experienced hypothyroid shock
after balloon dilation therapy (cool skin, hypothermia,
hypotension and bradicardia not responsive to volume
expansion and intravenous atropine injection). She had
clinical symptoms of hypothyroidism which was not
detected before balloon dilation therapy. The results of
laboratory tests are listed in Table 2.
Patients’ ethnicity
There were 21 (70%) Fars (the major Persian ethnicity),
7 Bakhtiari, an Iranian tribe, living in west of Isfahan
Province) (23%), one Gilaki (another group of Iranians
originating from northern Iran) (3.3%), and one patient
was Turkish inhabitant in the central area of Iran (3.3.
0%).
Age and symptoms
The median age of onset of symptoms was 37 years
(range 15-80 years). The mean age of patients with thyroid
disease and other patients with achalasia was 35.8 and 38.5
years (P: 0.9). All patients complained of dysphagia to
both liquids and solids. Regurgitation, weight loss, chest
discomfort and heartburn were reported in 28 (93.3%), 18
(60%), 15 (50%) and 8 (26.6%) patients, respectively.
The symptoms of patients were compared (Table  2).
Correlations between the intensity of thyroid disease
and the severity of achalasia symptoms were statistically
insignificant by Mann-Whitney test.
Prevalence and incidence of achalasia
In 2002 -2005, 42 cases of suspected achalasia were
identified in or referred to our center. Of these, 19 were
www.wjgnet.com

residents of Isfahan during the period of the study. The
population of Isfahan was about 4 million in 2006. The
overall ethnic- and gender-specific incidences of achalasia
in our cases are shown in Table 3. No strong history of
rheumatic disease or neuropathy in patients and their
family was detected in our study.
Serological study
All serum samples were evaluated with sensitive tests for
autoimmune diseases but we did not find any positive test
except for 2 positive anti nuclear antibody tests (6.6%).
Evaluation for vasculitis, some electrolyte disturbances,
and anemia did not show any important finding (Table 4).

DISCUSSION
Although achalasia is a historically recognized clinical
entity, its fundamental pathophysiology remains poorly
understood. Primary achalasia accounts for the majority
of cases. The etiology of primary achalasia is not entirely
clear and probably multidimensional[19] including genetic
predisposition (supported by the concordance for the
disease in monozygotic twins [20] and associations with
some HLA loci [7] ), inflammation (myopathy of the
smooth muscle cells[21], neuropathy[22,23] and inflammatory
changes in esophageal specimens[24]), infections (virus[14],
Chagas’ disease, poliomyelitis[25,26], varicella zoster virus[27]
and Helicobacter[28]), ischemia, toxicity and autoimmune
disease[19]. Some other diseases postulate these etiologies
such as concomitant appearance of achalasia and GuillainBarré syndrome [29] , Parkinson’s disease [30] , triple A
syndrome[31], etc.
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Table 4 Final result of laboratory evaluation in all patients
Test
Thyroid function tests

Normal (%)
80

Abnormal (%)
20

Calcium and phosphorus

100

-

Alkaline phosphatase

100

-

Albumin

100

-

Globulin

100

-

ANA

93.4

6.6

C_ANCA

100

-

RPR (VDRL)

100

-

Complete Blood Count

100

-

Urine analysis

100

-

All tests except for urine analysis were performed on blood or serum
samples.

There are some reports about thyroid and esophageal
problems in animals[32] but we have not found any reports
about such problems in humans in English articles.
Although it has been reported that there is a correlation
between achalasia and autoimmune diseases, this is the
first cross sectional study evaluating the relative prevalence
of these problems (rheumatic disease, thyroid disease,
inflammatory disease, etc) in a consecutive series of patients
affected by achalasia which led us to a few interesting
points. First, the results of serological tests obtained from
this study confirmed some literature data that predict a
potential autoimmune etiology of achalasia. Second, an
association was found between thyroid problems and
achalasia. Third, the frequency of thyroid disease was
higher in patients with achalasia than in normal population.
It was reported that the prevalence of hypothyroidism
is 4.6% (0.3% clinical and 4.3% subclinical) in the
United States of America [33] . Whickham showed that
the prevalence of spontaneous hypothyroidism in
community is 1.5% in females and less than 0.1% in males
[34]
. These prevalence rates are similar to those reported
in Finland [35], Japan [36], and in another US survey [37-39].
Heydarian and Azizi reported that the prevalence of
hyperthyroidism, overt and subclinical hypothyroidism
is 0.45%, 0.35% and 2.2% in Iran, respectively[40]. The
prevalence of hypothyroidism and benign thyroid diseases
(hypothyroidism, hyperthyroidism and thyroid nodules) in
our patients was significantly higher than that reported in
latter study (P value and confidence interval for each group
were 0.025 and 0.000, 1.3-43.4 and 2.9-76.5 respectively).
The mean age of our patients is one -two decades
lower than reported in other studies [3,4]. It may have a
role in these findings. We found about a 5-fold rise in the
prevalence of thyroid dysfunction in this study. Since our
center is the only center offering balloon dilation therapy
in Isfahan, we can assume that the overall population
with achalasia in this area is very similar to that registered
in our center and therefore these data are repeatable in
our future study, but they may not be generalized in all
cases of achalasia in other societies. Hence we suggest
a similar study in all centers working in this subject. We
should direct our future studies to find the possible genetic
and environmental risk factors for earlier disease in this
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geographic area.
The reason why there is such a relatively strong
association between these diseases can be explained
by the literature describing most thyroid problems
as probable autoimmune diseases [41-44] . Autoimmune
etiology of achalasia is also supported by the presence of
circulating autoantibodies against the myenteric plexus
and inflammatory T-cell infiltrates in the myenteric plexus,
as well as the increased prevalence of HLA class Ⅱ
antigens. Possibly the initiating event may be an unknown
environmental insult due to a viral infection resulting
in inflammation of the myenteric plexus in susceptible
patients. Not all affected individuals develop achalasia[45].
However, autommunity at least has a concomitant or
susceptible role in pathogenesis.
Is there a symptomatic mimicry between achalasia and
thyroid diseases? There is some evidence in animal model
that a mega esophagus may occur in hypothyroidism
which is a criterion of achalasia[32]. We had one clinical
hypothyroid patient and one clinical hyperthyroid patient
detected before balloon dilation therapy. We treated
these two patients with levothyroxine and methimazole
respectively for 6 mo after achievement of euthyroid
state. No clinical or radiological improvements were
obtained in symptomatology and radiological findings of
achalasia after treatment, suggesting that what we found
is actually a true association rather than a symptomatic
mimicry or a transient neurological dysfunction. We also
found a 6% positive ANA in this series which is similar
to that in general population[46]. These findings may give
some stronger evidence for certain autoimmune bases of
achalasia. However, more and larger groups are necessary
and a larger spectrum of autoimmune markers must be
tested to make it possible to establish the utility of the
issue in the early diagnosis of achalasia and identification
of different etiologic mechanisms, which would allow us
to think about novel outline of management since the
existing treatments are only partially palliative.
We also found a hypothyroid shock after balloon
dilation therapy which was fortunately well managed
because we were alert to the problem. Therefore we
recommend clinical evaluation of thyroid disease for all
patients and thyroid function test for suspicious cases
to control thyroid function before any invasive therapy.
Clinical severity was statistically similar in both groups of
patients with normal and abnormal thyroid function tests.
Therefore we cannot predict the possibility of thyroid
disease on the basis of severity indexes.
In conclusion, achalasia may be associated with
thyroid diseases (hypothyroidism, hyperthyroidism and
thyroid nodules), and this association should be kept in
mind when a new case of achalasia is diagnosed. More
accurate and extensive immunopathological studies should
be performed to assess the possibility of a common
immunopathogenesis or a cause and effect relationship in
these diseases.
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Abstract
AIM: To investigate the immunogenicity of H pylori
proteins, to evaluate the production rate of anti H pylori
IgG antibodies in relation to time and to demonstrate
the fidelity of newly optimized in-house enzymelinked immunosorbent assay (ELISA) technique as an
alternative for H pylori infection assay.
METHODS: In the present study, 100 μg of formalinfixed H pylori whole cell antigens was injected into
an experimental animal (New Zealand white female
rabbit) intramuscularly on d 0, 16, 27 and 36. The
first two doses were injected with adjuvants. On d 0,
a serum sample was collected from the rabbit before
immunization and this pre-immunized serum was used
as a negative control for the whole study. To evaluate
the immunogenic responses of the injected antigen,
serum samples were collected from the rabbit at regular
intervals up to d 42. The sera were analyzed using inhouse ELISA and Western blot techniques.
RESULTS: The production of anti H pylori IgG antibodies
in the rabbit in response to the injected antigen
increased almost exponentially up to d 14 and after that
it was maintained at the same level until the last day
(d 42). By analyzing the immune profiles of immunized
sera, 11 proteins were identified to be immunogenic,
among them 2 (approximately 100 kDa and 85 kDa)
were most prominent.
CONCLUSION: Analysis of the immune responses
against pathogenic microorganisms like H pylori is
necessary for the development of various diagnostic and
preventive approaches. The results of this experiment
reveal that the formalin-fixed H pylori whole cell antigens
injected into the rabbit are highly immunogenic. These
prominent proteins (approximately 100 kDa and 85 kDa)
might have higher immunogenic effects among humans
www.wjgnet.com

infected with H pylori and some of these immunogenic
proteins can be included in diagnostic approaches based
on serology and also for vaccine formulation. The inhouse ELISA is a promising alternative compared to
invasive techniques.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In the early 1980’s, Barry Marshall and Robin Warren
of Australia discovered the bacterium H pylori in the
stomach lining of patients with chronic gastritis and peptic
ulcers[1]. The discovery of the infective organism H pylori
and its involvement in these diseases has changed our
views on how to diagnose and treat these diseases. Strains
carrying the genes encoding the cytotoxin-associated
protein (Cag-A) cause chronic active gastritis[2]. Gastric
infection with H pylori is one of the common chronic
infections in humans, causing substantial morbidity and
some mortality[3]. Before an active protective response
occurs, the gut must first be exposed to H pylori, which is
a slowly growing microaerophilic, highly motile, Gramnegative spiral organism whose most striking biochemical
characteristic is the abundant production of urease [4].
Colonization of H pylori in the gastric epithelium leads
to a chronic inflammatory reaction[5-7]. Such a reaction
may involve specific IgG and/or IgA antibody responses
against the bacterium both in the peripheral blood and
in the gastric mucosa. However, despite the production
of such antibodies, the microorganism usually persists
and gastritis progresses chronically through unknown
mechanisms[8].
H pylori infection and peptic ulcer disease are more
common in developing countries than in developed
countries. Until the mid 1980s, it was felt that one or
more of these factors working together could lead to the
development of gastritis and ulcers. Since then, evidence
has been mounting that H pylori has a major role in
causing these diseases. Today the standard triple antibiotic
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therapy is amoxicillin, clarithromycin and proton pump
inhibitors such as omeprazole. Unfortunately, an increasing
number of infected individuals are found to harbour
bacteria resistant to first-line antibiotics. This results in
initial treatment failure and requires additional rounds
of antibiotic therapy [9]. One of the promising recent
developments in medicine is the concept that chronic
afflictions, such as peptic ulcer disease and cancer, can be
controlled through immunization like classic infectious
diseases. One approach has been the oral administration
of purified recombinant subunit proteins of H pylori and
a mucosal adjuvant, the labile toxin (LT) of Escherichia
coli[10,11]. As a single-component vaccine, urease protein
has shown some prophylactic and therapeutic activity in
animal models and partial therapeutic activity in humans[12].
Another research was directed at the comparison of
adjuvants and vaccine delivery systems and toward the
immunologic mechanisms mediating protection[13].
Serological methods for detection of H pylori
infection have reached sufficient accuracy and can
be used as screening tests before endoscopy or for
seroepidemiological surveys [4]. A number of different
serological techniques have been used to detect antibodies,
including haemag glutination, complement fixation,
coag glutination, indirect immunofluorescence and
latex agglutination [14]. Antibodies developed in rabbits
against H pylori antigen can easily be detected by slide
agglutination test. However, immunoblotting and enzymelinked immunosorbent assay (ELISA) have emerged as
the most frequently used techniques. A combination of
immunoblotting and ELISA is the most efficient means of
detecting serum antibodies to H pylori antigens and can be
applied to the screening of rabbit sera for H pylori-specific
antibodies[15]. These two techniques can be used in analysis
of immune responses against H pylori in rabbits.
It is difficult to eradicate H pylori by antibiotic therapy
and to date no vaccine is available for use in humans[16].
An effective vaccine would be a desirable way to control
H pylori-induced gastric disease. Initial studies in animal
models have demonstrated the feasibility of immunization,
thus leading to high hopes for a human vaccine. In the
mouse model, immunological approaches have to date not
brought a satisfactory explanation for the mechanisms
of protection against this largely luminal pathogen. In
the present study, we used a rabbit model with whole cell
extract from H pylori as antigen to analyze the immune
responses.

MATERIALS AND METHODS
Animals
In this study, two healthy New Zealand white female
rabbits aged 2 mo (weighing 2 kg) were used for serum
antibody response. Although other strains of rabbits (e.g.,
Californian, Giant blank, Beveren etc) were available, this
strain could easily adapt to the tropical area like Bangladesh
(studied area). A great care was taken during the study
with proper feeding and supplying adequate amount of
fresh water daily. Rabbit house was cleaned daily. During
the study, the climate was fine. Hygiene condition was
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maintained properly.
Preparation of whole cell antigen
Bacterial cells were grown and harvested from agar plates.
Bacterial cells were suspended in phosphate buffered saline
(PBS) containing 1% (w/v) formalin and kept at 4℃ for 1 h.
The cells were then centrifuged at 12 500 × g for 5 min and
the pellet was resuspended in 1 mL of PBS. The cells were
washed 4 times in PBS to remove the formalin. Finally, a
suspension of 1 mg/mL cells in PBS was made.
Preparation of antigen adjuvant mixture
H pylori antigens were administered in combination with
incomplete Freund’s adjuvant (which does not contain
killed mycobacteria) to enhance the response to the first
two doses. Freund’s adjuvant is a water-in-oil emulsion
consisting primarily of mineral oil. The oil acts as a
repository, which releases the immunogen. The mixture
was prepared by taking 250 μ L of H pylori whole cell
antigen (formalin fixed, 1 mg/mL, stored at -20℃) with
250 μL of incomplete Freund’s adjuvant and then 200 μL
of antigen-adjuvant mixture was injected intramuscularly.
Immunization of rabbits
Using a 22G needle, rabbits were immunized
intramuscularly with whole cell antigen adjuvant mixture
on d 0 and 16. Subsequent doses without adjuvant
were administered on d 27 and 36. However, before
immunization 1.5 mL blood was collected from the
marginal vein of the ear for collecting pre-immunization
sera. This was used as a negative control.
Blood collection
After immunization, rabbit blood were collected from
marginal ear vein on d 0, 7, 17, 21, 27 and 35. Blood was
also collected by cardiac puncture on d 42. Serum was
separated from these blood samples and analyzed for
antibody response by in-house ELISA and immunoblot
techniques.
In-house ELISA
An aliquot of formalin-fixed bacteria was diluted in
coating buffer to a final concentration of 1 μg/100 μL.
One hundred μL of antigen preparation was added to
all the wells except wells A1 and B1, which were used
to calibrate the ELISA reader. The plates were covered
with plate sealer and incubated at 4℃ overnight. On the
following day, the plates were washed 3 times with PBS
containing 0.05% Tween-20 (PBS-Tween 20). The wells
were blocked with 200 μL of 1% (w/v) bovine serum
albumin (BSA) in PBS, and then plates were incubated at
37℃ for 30 min. The PBS-BSA was discarded and the
plates were washed 3 times with PBS-Tween 20. Then,
100 μL of diluted serum samples (neat, 1:50, 1:100, 1:200,
1:400 and 1:800 dilution in PBS) collected on d 7, 14, 21,
27, 35 and 42 was added into each of two consecutive
wells, i.e. duplicate wells were used for each sample and
each dilution. To the wells A1 and B1, 100 μL of PBS
was added. The plate was covered with the plate sealer
and incubated at room temperature for 2 h. The plate was
www.wjgnet.com
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then washed three times as described above and 100 μL
of diluted secondary antibody conjugate (1:3000 in PBS)
was added (goat anti-rabbit polyvalent antibody conjugated
with alkaline phosphatase; A-3937, Sigma Chemical Co,
Ltd. UK), and incubated at room temperature for 2 h. The
plate was again washed three times with PBS Tween-20
and 200 μ L of 1 mg/mL substrate (p-nitrophenyl
phosphate in diethanolamine buffer) was added to each
well. The plate was placed in dark and an optical density
(A405) was measured after exactly 25 min. In this study, a
sample was considered positive for antibodies to H pylori
if the absorbance of the reaction was ≥ 1. Any value < 1
was considered seronegative[17]. For the validation of the
experiment, a positive serum sample from humans was
tested by in-house ELISA using similar dilution (Neat, 1:50,
1:100, 1:200, 1:400, and 1:800). For ELISA, all the tests
were done in duplicate well to minimize the handling error.
The average of the two values from duplicate well was
used for further data analysis.
Immunoblot
The 7 serum samples collected from rabbits on d 7, 14,
21, 35 and 42 were examined by immunoblot assay to
check the immunological response of the pre-immunized
polyclonal rabbit serum to the antigens from whole cell
extract of H pylori.
Preparation of whole cell extracts for SDS-PAGE
After confluent growth, bacterial cells were harvested
and taken into preweighed, screw-capped Eppendorf
tubes. Bacteria were sedimented by centrifugation at
12 500 × g for 2 min and suspended in sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
solubilization buffer[18] to a cell concentration of 500 μg
cells per 5 μL. The suspension was incubated at 100℃
for 5 min to denature bacterial proteins and DNA was
disrupted by brief sonication (30 s). The suspension
was reheated at 100℃ for 2 min and then diluted in
SDS-PAGE solubilization buffer to produce a final
concentration of 70 μg whole cell extract per 5 μL. The
aliquots were stored at -20℃ for SDS-PAGE.
SDS-PAGE
The SDS-PAGE profile of whole cell extract was prepared
as described previously[19]. Gels comprised a 4.5% (w/w)
acrylamide stacking gel and a 12.5% (w/w) acrylamide
separation gel. Samples were applied to gels alongside
protein molecular weight standards (1 610 305; Bio-Rad,
UK). Electrophoresis was performed using a minigel
system (Consort, UK) with a constant current of 40 mA
for 40 min. Gels were either stained with Coomassie
blue[19] or used for immunoblotting.
Immunoblotting
H pylori serostatus in all serum samples was determined
by immunoblot technique as described previously[20]. The
SDS-PAGE protein profiles were transferred onto nitrocellulose sheets[21] using a semidry electrotransfer apparatus
(Bio-Rad). Individual protein profiles were prepared
by cutting nitrocellulose sheets into strips. Strips were
www.wjgnet.com
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Table 1 Serum antibody response in rabbit to H pylori whole
cell antigen detected by in-house ELISA
Dilution of sera
Serum collection

Neat

1:50

1:100

1:200

1:400 1:800

d0
d7
d 14
d 21
d 27
d 35
d 42

0.998
2.777
2.003
3.004
2.805
2.62
3.002

0.847
2.562
3.136
3.267
2.894
2.958
2.945

0.620
2.029
2.792
2.857
2.021
3.128
2.763

0.063
1.835
2.241
3.303
2.074
2.947
2.719

0.024
1.245
0.408
2.973
2.323
3.112
2.999

Not done
1.028
1.404
1.974
1.004
2.857
3.303

incubated separately with different rabbit serum (1:200
dilution in 3% skimmed milk) samples (primary antibody).
Antibody-antigen complexes were detected with a goat
anti-rabbit polyvalent antibody conjugated with alkaline
phosphatase, diluted 1:5000 in 3% skimmed milk. Color
development was carried out in a polythene bag at 37℃ in
the dark for 10 min. Individual serum antibodies binding
to five or more protein bands were considered positive
results and those binding to less than five protein bands
were considered negative results[20].

RESULTS
The serum collected from two rabbits for six weeks
was examined for antibodies specific for antigen using
in-house ELISA. Absorbance values ≥ 1 at 405 nm
were considered seropositive (Table 1). The collected
immunized sera from rabbits were evaluated and the
result supported that the experimental animal (rabbit) was
effectively immunized with H pylori whole cell antigen.
For the validation of the experiment, a positive serum
sample from humans was tested by using similar dilution
(Neat, 1:50, 1:100, 1:200, 1:400, 1:800). The ELISA
values (OD 405) from all dilutions showed presence of
adequate amount of anti H pylori antibody. There was also
a negative control serum collected from the rabbit on d 0
(before immunization with formalin-fixed H pylori whole
cell antigen). The ELISA values from different dilutions
showed that the negative control serum had no antibodies
against H pylori antigen. Using ELISA values for 1:50
dilution on different days (0, 7, 14, 21, 27, 35, and 42) a
plot of antibody titer versus time was drawn (Figure 1).
Similar results were obtained from other dilutions (neat,
1:50, 1:100, 1:200, 1:400 and 1:800) (data not shown).
The graph showed a significant increase in anti H pylori
antibody production with time. After immunization, the
production of anti H pylori antibody increased almost
exponentially up to d 14 and after that, it maintained at the
same level until the last day.
The serum samples collected from the rabbit were
examined by immunoblot assay. A variable number of
protein bands were observed among the immune profiles
(Figure 2). Serum sample collected on d 0 represented
pre-immunized serum and no visible protein band was
observed, indicating absence of anti H pylori antibody.
Several protein bands in other samples (collected on
d 7, 14, 21, 27, 35 and 42) suggested that tested sera
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Figure 1 Kinetics of anti H pylori antibody
responses in rabbits. Female rabbits were infected
with formalin-fixed H pylori whole cell antigens and
blood samples were collected at various time points
after H pylori infection. Sera (1:50 dilution) were
subjected to ELISA for antibody titer measurement
(in terms of OD). The arrows indicate the time points
when rabbits were challenged with antigens (booster
dose).

3.5
3
2.5

OD

2
1.5
1
0.5
0

0

7

14

Immunization with
formalin fixed H
pylori whole cell
antigen (d 0)

9

8

7

6

21
Day

27

Boost with
the same
antigen
(d 27)

Boost with
the same
antigen
(d 16)

5

4

3

2

1

35

42

Boost with
same
antigen
(d 36)

KDa

Table 2 Serum antibody responses of subjects to H pylori
antigens detected by immunoblotting and in-house ELISA

207
129
85

39.7
32.1
17.5
7.1

1
2

Figure 2 Western blot with whole cell extracts of H pylori against previously
immunized rabbit sera and a human serum. Lane 1: molecular weight marker;
lanes 2 to 8: serum collected on d 0, 7, 14, 21, 28, 35, and 42 respectively; lane 9:
positive human serum.

had antibodies against H pylori. Immunoreactivity of
the protein bands increased gradually from d 7 to d 42,
suggesting that the production of antibody against H pylori
increased with time in the rabbit. A positive serum sample
from humans was also tested and found to have antibodies
against that antigen.
The presence or absence of anti H pylori antibodies in
pre-immunized and immunized rabbits was examined by
in-house ELISA and immunoblotting. The findings from
the two immunoassays showed a significant correlation (P
= 0.001) (Table 2).

DISCUSSION
Current antibiotic regimens against H pylori infection may
be effective, but complex dosing and development of
resistance are always concerns. Animal studies and limited
clinical trials of H pylori antigens have been conducted,
with no final conclusive findings. A number of data now
exist, supporting the potential for protection against H
pylori. However, we are still at a preliminary stage in clinical

Collection of serum
samples

Sera with antibodies
1
by immunoblotting

Sera with antibodies
2
by ELISA

d0
d7
d 14
d 21
d 27
d 35
d 42

+
+
+
+
+
+

+
+
+
+
+
+

In immunoblotting more than 4 protein bands indicated positive results;
When ELISA values were ≥ 1.0, OD405 was considered positive results.

development. The best immunogens, the best mode of
presentation, the number of doses needed, optimal age at
immunization, expected benefit, cost-effectiveness, and
other factors involved in vaccine development require
further study[13]. The present study employed rabbits to
clarify the immunogenicity of H pylori proteins and to
evaluate the production rate of anti H pylori IgG antibodies
in relation to time.
For serological diagnosis of H pylori infection, immune
responses against the relevant microorganism can be
analyzed in experimental animal models. When endoscopy
is not performed, the most commonly used diagnostic
approach is the laboratory-based serological test. Enzymelinked immunosorbent assay (ELISA) detects various
classes of antibodies to H pylori, indicating current or
past infection. Because H pylori infection is not known to
spontaneously resolve, a positive serologic test suggests
active infection in patients who have not undergone
eradication therapy[22]. Although H pylori is not an invasive
bacterium, it actively stimulates the immune system in its
host by releasing lipopolysaccharides and immunogenic
proteins. An immune response accompanies the presence
of the bacterium in 98% of the cases[23]. The sensitivity and
specificity of ELISA to identify infectious microorganisms
are quite high. In the present study, since the antibody
www.wjgnet.com
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response occurred a few days after a new infection or after
a booster dose of antigen with or without adjuvant, the
subject had to mount a strong immune response
IgG usually appears several days after H pylori
infection in rabbits. But after eradication of H pylori,
the drop in antibody titer is not significant until the
6th mo in humans[24]. In the present study, specific IgG
antibodies to H pylori were detected in rabbit sera with
the help of enzyme immunoassay. Analysis of serum
samples by in-house ELISA technique is an alternative
for H pylori infection assay. The present study evaluated
the noninvasive methods to screen for H pylori infection
in rabbits. The relationship between time course and
magnitude of antibody response showed the kinetics
of the development of specific antibody responses in
the studied animals (Figure 1). A clear kinetics of the
development of anti H pylori antibody response found in
the rabbit showed a significant increase in anti H pylori
IgG antibody production with time. After immunization,
the production of anti H pylori antibody increased almost
exponentially up to d 14 and after that, it maintained at the
same level till the last day of serum collection. The ELISA
values from different dilutions showed that the negative
control serum had no antibodies against H pylori antigen.
However, 1:400 dilution of serum (collected at d 14)
showed a negative ELISA value, which could be due to the
handling error.
A large number of different proteins present in single
cells and may play a major antigenic role in infection. The
complex pathogenesis of this infection [25,26], including
the presence of antigens on H pylori in the host [27] ,
demands better approaches to the identification of novel
immunogens that would give substantial protection. The
selection of defined and well-characterized antigens
appears to be the most viable approach. The present inhouse ELISA with formalin-fixed whole cell antigens
had a high diagnostic value for studied animals. Antibody
was raised against whole cell antigens which were at first
confirmed by the slide agglutination test. The collected
sera subjected to immunoblot analysis showed a number
of antibody bands. Some bands were more prominent
than others in relation to color intensity. Previous studies
revealed that H pylori whole cell lysate contains protein
bands like CagA (140-121 kDa), VacA (87 kDa), heatshock protein (60 kDa), two urease subunits of 62 and 26
kDa and thiol peroxidase (18 kDa)[28], suggesting that the
concentration of some proteins from the whole cells is
high. These proteins might have immunogenic effects in
the rabbit. By analyzing the immune profiles of immunized
serum samples collected at regular intervals from the
rabbit, 11 proteins were identified to be immunogenic, of
which 2 were more prominent than others (approximately
100 kDa and 85 kDa). Haque et al [29] showed that
approximately 61 kDa, 58 kDa and 24 kDa proteins from
whole cell extract of H pylori are immunogenic. However,
they could not prove it conclusively. The present study
identified two such potential antigens which were proved
most potent in eliciting protective immunity.
It is reasonable to assume that more than one
protective component is needed in a vaccine[13]. Therefore
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the previously identified urease[8] or catalase[30] alone could
not be used for final vaccine formulation. There is also
concern about inducing an immune response to heat shock
protein B (HspB) because this protein has homologies to
the GroEL family of heat shock proteins[31]. In the present
study, we demonstrated some potential immunogens
which could give better protection and could be used for
diagnosis purpose.
Adjuvant is an important component of any vaccine.
It is responsible for stimulating immune system. In some
previous trials[10,30], cholera toxin was used as adjuvant for
immunization of mice. However this effort might raise
multiple problems including safety. E. coli heat-labile toxin
(LT) that was used as an oral adjuvant in humans does
not show a significant decrease in gastric H pylori density
but is associated with cramping and diarrhea[32]. Due to all
these adverse effects, no suitable and safe adjuvants are
currently available for use in humans[33]. However, in the
present study an incomplete form of Freund’s adjuvant
not containing such a cytotoxic agent was used to enhance
the immune response. Therefore, this adjuvant could be
considered a substitute to cholera toxin or other toxic
adjuvants.
The identified proteins might have higher immunogenic
effects among humans infected with H pylori and some
of these immunogenic proteins could be included in
diagnostic approaches based on serology and also in
vaccine preparation. However, further characterization of
these antigens is required. Finally, in-house ELISA and
immunoblot can be better applied in analysis of antigenic
response in experimental animal model (rabbits).

COMMENTS
Background

Gastric infection with H pylori is one of the common chronic infections in humans,
causing substantial morbidity and some mortality. Still there is still no effective
vaccine against H pylori, a causative agent of gastric and peptic ulcer. We
are still at a preliminary stage in clinical development. The best immunogens,
the best mode of presentation, the number of doses needed, optimal age at
immunization, expected benefit, cost-effectiveness, and other factors involved in
vaccine development require further study. Initial studies in animal models have
demonstrated the feasibility of immunization, thus leading to high hopes for a
human vaccine. In the mouse model, immunological approaches have to date not
brought a satisfactory explanation for the mechanisms of protection against this
largely luminal pathogen. In the present study, we used a rabbit model with the
whole cell extract antigens from H pylori.

Research frontiers

H pylori infection is a newly discovered stomach infection which was first reported
by Barry Marshall and Robin Warren of Perth, Western Australia, in 1983, who
were awarded the Nobel Prize in Medicine in 2005 for their work on H pylori. The
Sydney gastroenterolgist Thomas Borody invented the first triple therapy in 1987.
Such a therapy has revolutionized the treatment of gastric ulcer. Mode of infection,
mechanism of pathogenesis, host immune response, chemotherapy and vaccine
development are important areas of research.

Innovations and breakthroughs

Initial studies in animal models have demonstrated the feasibility of immunization,
thus leading to high hopes for a human vaccine against H pylori. In the mouse
model, immunological approaches have to date not brought a satisfactory
explanation for the mechanisms of protection against this luminal pathogen. In the
present study, we used a rabbit model with the whole cell extract from H pylori as
antigen. The experiment identified two prominent proteins (approximately 100 kDa
and 85 kDa) which have higher immunogenic effects among humans infected with
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H pylori and some of these immunogenic proteins could be included in diagnostic
approaches based on serology and also for vaccine formulation. Most of the
previous studies used cholera toxin as adjuvants which have some side effects.
In the present study, we used an incomplete form of Freund’s adjuvant which
does not contain cytotoxic agent. We established and optimized the low cost,
non-invasive in-house ELISA technique for the detection of H pylori infection in
Bangladeshi people.

Applications

Analysis of the immune responses against pathogenic microorganisms like H
pylori is necessary for the development of various diagnostic and preventive
approaches. The results of our experiment reveal that formalin-fixed H pylori whole
cell antigens injected into the rabbit are highly immunogenic. These prominent
proteins (approximately 100 kDa and 85 kDa) might have higher immunogenic
effects among humans infected with H pylori and some of these immunogenic
proteins could be included in diagnostic approaches based on serology. The inhouse ELISA is a promising alternative in the developing countries compared to
high cost invasive techniques.

Terminology

Freund’s adjuvant is an antigen solution emulsified in mineral oil, and can be
used as an immunopotentiator (booster of the immune system). The so-called
complete form (FCA) is composed of inactivated and dried mycobacteria, usually
Mycobacterium tuberculosis (the pathogenic agent of tuberculosis). The so-called
incomplete form (FIA) is the same adjuvant without the mycobacterial components
and is named after Jules T. Freund (1890-1960), a Hungarian-born American
immunologist.
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It is an interesting study. The science seems good and the study is well performed.
The results are also of interest.
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Abstract
AIM: To examine the anti-ulcerogenic and antioxidant
effects of aqueous extracts of Foeniculum vulgare (FVE)
on ethanol-induced gastric lesions in rats.
METHODS: FVE was administered by gavage at doses
of 75, 150 and 300 mg/kg, and famotidine was used at
the dose of 20 mg/kg. Following a 60 min period, all the
rats were given 1 mL of ethanol (80%) by gavage. One
hour after the administration of ethanol, all groups were
sacrificed, and the gastric ulcer index was calculated;
whole blood malondialdehyde (MDA) and reduced
glutathione (GSH), serum nitrate, nitrite, ascorbic acid,
retinol and β-carotene levels were measured in all the
groups.
RESULTS: It was found that pretreatment with FVE
significantly reduced ethanol-induced gastric damage.
This effect of FVE was highest and statistically significant
in 300 mg/kg group compared with the control (4.18 ±
2.81 vs 13.15 ± 4.08, P < 0.001). Also, pretreatment
with FVE significantly reduced the MDA levels, while
significantly increased GSH, nitrite, nitrate, ascorbic acid,
retinol and β-carotene levels.
CONCLUSION: FVE has clearly a protective effect
against ethanol-induced gastric mucosal lesion, and this
effect, at least in part, depends upon the reduction in
lipid peroxidation and augmentation in the antioxidant
activity.
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INTRODUCTION
Peptic ulcer is a common disorder of the gastrointestinal
system and millions of people suffer from this disease
in the world. The medical cost of treating peptic ulcer
and its complications amounts to billions of dollars
annually. The pathogenesis of peptic ulcer disease is
multifactorial, including chronically using non-steroid
anti- inflammatory drugs, cigarette smoking, alcohol, and
reactive oxygen species (ROS). ROS are generated by cells
in some physiological and pathological circumstances. Any
derangement between pro-oxidants and antioxidants, in
which pro-oxidants prevail is known as oxidative stress[1].
Insufficient antioxidant protection or excess production
of ROS can result in this condition. ROS can react with all
macromolecules, such as lipids, proteins, nucleic acids, and
carbohydrates, particularly polyunsaturated fatty acids on
cell membranes. After the beginning of an initial reaction
with ROS, a continuing chain reaction is started and cell
injury and, ultimately, cell death occur [2]. Peptic ulcer
is produced by the imbalance between gastroduodenal
mucosal defense mechanisms and offensive factors. Some
studies have revealed that ROS and lipid peroxidation
are implicated in the pathogenesis of ethanol-induced
gastric lesions and gastrointestinal damage, and they
attack and damage many biological molecules such as
prostaglandins[3-5]. Therefore, treatment with antioxidants
and free radical scavengers can decrease ethanol-induced
gastric mucosal damage.
Foeniculum vulgare (FVE) is a well-known umbelliferous
plant. For centuries, FVE fr uits have been used as
traditional herbal medicine in Europe and China. It is
native to southern Europe and the Mediterranean area.
The seeds of this plant have been known to be able to
regulate menstruation, alleviate the symptoms of female
climacteric syndrome, and increase libido [6]. FVE also
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possesses emnenagague and galactagogue properties[7]. It
has been reported that FVE could be used in the pediatric
colic and some respiratory disorders due to its antispasmodic effects[8,9]. Seeds of it are used in folk remedies
for treatment of dysmenorrhea. FVE (in Turkish “Rezene”)
is natively found in North and West regions of Turkey. It
is cultivated for the herb as a spice (flavouring salads) and
medicine in Turkey. Powders or tablets (0.5-1 g) of seeds,
or its infusion forms (2%) are taken 2-3 times per day. As
a medicinal plant, FVE has been used as an antispasmodic,
carminative, diuretic, lactation stimulant, and as dressings
for wounds in Turkish traditional medicine [10] . It
contains 1%-3% of a volatile oil, which is composed of
50%-85% of anethole and about 20% of d-fenchone[11,12].
Other compunds present in FVE are d-a-pinene, d-aphellandrene, dipentene, methyl chavicol, feniculun,
anisaldehyde, and anisic acid[11,13].
The aim of this work was to assess the gastroprotective
activity of FVE in rat models of experimentally ethanolinduced gastric lesions. In particular, we investigated the
effects of aqueous extracts of FVE on gross mucosal
lesions in the stomach, glutathione (GSH), nitrite,
nitrate, ascorbic acid, retinol and β-carotene levels, and
changes in lipid peroxidation determined by measuring
malondialdehyde (MDA) levels in the blood.

MATERIALS AND METHODS
Plant material
The aerial parts of FVE were collected in June 2003 from
Bursa. The plant was identified by the Department of
Botany of Science and Arts Faculty, Atatürk University,
Erzurum, Turkey, where a voucher specimen is kept.
Extraction and preparation of test samples
Air-dried FVE was pulverized with a blender. Obtained
plant material (230 g) was mixed with boiling distilled water
and stirred on the hot plate for 15 min. Subsequently, it
was filtered over Whatman No.1 paper. Finally, the filtrate
was frozen and lyophilized in a lyophilizator (Labconco,
Freezone 1L, USA) at a 5 μmHg pressure and -50℃ (14.9 g).
Animals
Thirty-five Sprague-Dawley rats with a weight range
of 190-225 g were used for the experimentation. The
rats were fed with standard laboratory chow and water
before the experiment. Rats were divided into 5 equal
g roups (n = 7) and housed in cag es. Twenty-four
hours before the experiment, the rats were fasted and
allowed access to water ad libitum. The investigation was
conducted in accordance with the Guide for the Care
and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication no. 85-23,
revised 1996) and approval has been received from our
institutional Animal Ethics Committee.
Chemicals
Chemicals used in this investigation, GSH, thiobarbituric
acid, phosphate buffer, butylated hydroxytoluene,
trichloroacetic acid, EDTA, [5,5-dithiobis-(2-nitrobenzoic
www.wjgnet.com
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acid)], phenylendiamine, sodium azide, 2,4-dinitrophe
nylhydrazine, ethanol, hexane, sodium nitrite, sodium
nitrate, sulfanilamide, N-(1-Naphthyl) ethylenediamine
dihydrochloride and vanadium (Ⅲ) chloride were
purchased from Sigma. All the other chemicals and
reagents used in this study were of analytical grade.
Ulcer study
The anti-ulcerogenic effect of FVE was investigated with
the ethanol-induced ulcer model. On the first day of the
experiment, groups 1, 2 and 3 were administered with
75, 150 and 300 mg/kg FVE, group 4 was administered
with 20 mg/kg famotidine, and group 5 was administered
with saline solution. All of drugs were administered by
gavage at the same volume (0.5 mL). Following a 60 min
period, all the rats were given 1 mL of ethanol (80%) by
gavage. One hour after the administration of ethanol,
rats were injected with a high dose of ketamine (100 mg/
kg), blood samples were taken by cardiac punctures, and
stomachs were removed and opened along the greater
curvature and washed in physiological saline solution. For
measurement of the gross gastric mucosal lesions, freshly
excised stomachs were laid flat and the mucosal lesions
were traced on clear acetate paper. Gross mucosal lesions
were recognised as hemorrhage or linear breaks (erosions)
with damage to the mucosal surface. The area of stomach
tissue and gross lesions were approximately calculated
by planimetry using a simple magnifier. The results were
translated to the term of “total ulcer area/total gastric
area” and these were expressed as an ulcer index (%).
Biochemical analysis
Fasting blood samples were drawn into heparin-free tubes
during routine blood sampling for biochemical analysis.
After immediate centrifugation (1000 g for 10 min at 4℃),
the serum was stored in polystyrene plastic tubes at -70℃
until analysis. Whole blood was collected into heparinized
tubes and whole blood MDA and GSH levels were studied
on the same day of admission.
Whole blood MDA (as an important indicator of
lipid peroxidation) levels were measured according to a
method of Jain et al[14]. The principle of the method was
based on the spectrophotometric measurement of the
color developed during the reaction of thiobarbituric
acid with MDA. Concentrations of thiobarbituric acid
reactive substances (TBARS) were calculated by the
absorbance coefficient of malondialdehyde–thiobarbituric
acid complex and expressed as nmol/mL. Whole
blood GSH concentrations were also measured by the
spectrophotometric method [15]. The concentrations of
nitric oxide (nitrate and nitrite) were detected by the
methods of Miranda et al[16]. Nitrite and nitrate calibration
standards were prepared by diluting sodium nitrite and
sodium nitrate in pure water. After loading the plate with
samples (100 μ L), addition of vanadium (Ⅲ) chloride
(100 μL) to each well was rapidly followed by addition
of the Griess reagents, sulfanilamide (50 μL) and N-(1Naphthyl) ethylenediamine dihydrochloride (50 μL). The
Griess solutions may also be premixed immediately prior
to application to the plate. Nitrite mixed with Griess
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Table 1 Effects of aqueous extracts of Foe FVE and famotidine
on ethanol-induced gastric mucosal injury in rats
Groups
(n = 7)
Control (ethanol)
75 mg/kg FVE + Ethanol
150 mg/kg FVE + Ethanol
300 mg/kg FVE + Ethanol
20 mg/kg Famotidine + Ethanol

Ulcer index (%)
(mean ± SD)
13.15 ± 4.08
8.18 ± 2.66
9.48 ± 3.78
4.18 ± 2.81b
8.68 ± 2.63a

Table 2 Effects of aqueous extracts of FVE and famotidine on
whole blood MDA and GSH, and serum nitrite and nitrate levels
(mean ± SD) in rats

Inhibition
(%)
37.8
27.9
68.2
34

P < 0.05, bP < 0.001, vs ethanol.

a

reagents forms a chromophore from the diazotization of
sulfanilamide by acidic nitrite followed by coupling with
bicyclic amines, such as N-1-(naphthyl) ethylenediamine.
Sample blank values were obtained by substituting diluting
medium for Griess reagent. Nitrite was measured in a
similar manner except that samples and nitrite standards
were only exposed to Griess reagents. The absorbance
at 540 nm was read to assess the total level of nitrite and
nitrate in all samples[16]. Serum vitamin C (ascorbic acid)
level was determined after derivatization with 2,4-dinitr
ophenylhydrazine[17]. The levels of β-carotene at 425 nm
and vitamin A (retinol) at 325 nm were detected after the
reaction of serum: ethanol: hexane at the ratio of 1:1:3,
respectively[18].

Groups
(n = 7)

MDA
(nml/mL)

GSH
(mg/dL)

Nitrite
(mg/L)

Nitrate
(mg/L)

Control (ethanol)
75 mg/kg
FVE + Ethanol
150 mg/kg
FVE +Ethanol
300 mg/kg
FVE + Ethanol
20 mg/kg
Famotidine + Ethanol

5.29 ± 0.6
4.51 ± 1.0

44.46 ± 3.1
48.87 ± 2.5

1.33 ± 0.7
2.56 ± 0.9a

4.55 ± 2.6
8.81 ± 2.7a

4.05 ± 0.3a

56.79 ± 3.3d 2.73 ± 0.5a

8.88 ± 1.9a

4.12 ± 0.6a

51.34 ± 3.1b 1.64 ± 0.5

5.52 ± 1.7

3.98 ± 0.7a

51.68 ± 3.2b 2.10 ± 0.8

6.82 ± 2.1

P < 0.05, bP < 0.01, dP < 0.001, vs ethanol.

a

Table 3 Effects of aqueous extract of FVE and famotidine on
serum antioxidant vitamins levels (mean ± SD) in rats
Groups
(n = 7)
Control (ethanol)
75 mg/kg FVE + Ethanol
150 mg/kg FVE + Ethanol
300 mg/kg FVE + Ethanol
20 mg/kg Famotidine + Ethanol

Ascorbic Acid β-Carotene
(mg/dL)
(μg/dL)
0.81 ± 0.2
0.85 ± 0.2
0.95 ± 0.2
0.98 ± 0.2a
0.97 ± 0.3

26.09 ± 1.5
27.48 ± 1.9
31.13 ± 2.1b
28.76 ± 1.8
26.55 ± 1.6

Retinol
(μg/dL)
57.42 ± 3.4
58.79 ± 4.6
68.45 ± 4.9b
63.61 ± 4.5
58.57 ± 3.6

a

Statistical analysis
All values were expressed as mean ± SD. Statistical
analyses of data were performed using a one-way analysis
of variance (ANOVA) and Tukey’s posttest. A value of
P < 0.05 was considered statistically significant.

RESULTS
Ulcer study
Ulcer indices (UI) are shown in Table 1. Per-oral
administration of 80% ethanol produced multiple mucosal
lesions in the rat stomach. Pre-treatment with FVE and
famotidine were found to inhibit ethanol-induced gastric
mucosal injury. This inhibitor effect of FVE was highest
and statistically significant in the 300 mg/kg group and
higher than that of famotidine group. In 75 mg/kg and
150 mg/kg of FVE groups, the inhibitor effects on
ethanol-induced gastric mucosal injury were similar to
famotidine group, which were not significant statistically.
Famotidine also significantly inhibited ethanol-induced
gastric lesions compared with the control.
Biochemical analysis
MDA levels of whole blood are shown in Table 2. The
administration of ethanol increased the MDA level
in whole blood. In contrast, pretreatment with FVE
significantly decrased the MDA levels at doses of 150 and
300 mg/kg, compared with ethanol administered alone.
Additionally, famotidine was found to prevent the rise in
MDA level.
GSH level in whole blood was decreased in the ethanoladministered group. In contrast, GSH levels significantly

P < 0.05, bP < 0.01, vs ethanol.

increased at doses of 150 and 300 mg/kg FVE and in
famotidine groups (Table 2). Nitrite and nitrate levels in
serum were decreased in the ethanol administered group,
while increased in the FVE groups. This increase was
significant only in 75 and 150 mg/kg FVE groups, but
not in 300 mg/kg FVE or famotidine groups (Table 2).
All doses of FVE and famotidine increased the serum
ascorbic acid levels, whereas only 300 mg/kg of FVE
induced a significant increase (Table 3). On the other
hand, serum β-carotene and retinol levels in FVE groups
were higher than that of control, while the difference was
significant only in the 150 mg/kg FVE group (Table 3).

DISCUSSION
For a long time, peptic ulcer has been one of the important
causes of morbidities and mortalities. Several factors such
as increased vascular permeability, gastric motility and
vagal activity, decreased gastric blood flow and protective
prostaglandin levels play an important role in gastric ulcer
pathogenesis. The treatment of peptic ulcers is still a big
challenge and development of new drugs is urgent. There
are a number of medicinal plants that have been shown to
be effective against ulcer diseases in traditional medicine[19].
Because of the folkloric uses, these medicinal plants may
be a good source for the development of potential drugs.
In recent years, many efforts have been done to explore
new anti-ulcer drugs from natural resources, and antiulcer
activity of a variety of chemical compounds isolated from
medicinal plants have been determined[20,21].
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Ethanol is a commonly used ulcerogenic agent and
when given by gavage to rats, it produces severe gastric
hemorrhagic lesions. The mechanism of ethanol-induced
gastric lesions is varied, including the depletion of gastric
mucus content, damaged mucosal blood flow and mucosal
cell injury. In addition, ethanol-induced gastric mucosal
damage is associated with overproduction of free radicals,
which lead to an increased lipid peroxidation[22]. Increase
in lipid peroxide content and oxygen-derived free radicals
results in marked changes in cellular levels and causes
membrane damage, cell death, exfoliation and epithelial
erosion. Accumulation of activated neutrophils in the
gastric mucosa may be a source of free radicals. Several
studies revealed that some antioxidant drugs such as
melatonin and dantrolene have protective effects against
ethanol-induced acute gastric injury in rats[23-25]. Results of
the present study showed that all doses of FVE prevented
gastric tissue damage against ethanol-induced stress, only
significantly in the highest dose group. Furthermore, FVE
decreased the lipid peroxidation and increased the nonenzymatic antioxidant. Antioxidative properties may, at
least partially, be one of the possible mechanisms by which
FVE ameliorated the ethanol-induced gastric lesions.
GSH is a well-known antioxidant, which is usually
present as the most abundant low-molecular mass thiol in
most organisms. It has various functions in the defense
against oxidative stress and xenobiotic toxicity. It can act
as an electron donor for glutathione peroxidase in animal
cells, and also directly reacts with ROS. GSH is readily
oxidized to glutathione disulfide (GSSG) by glutathione
peroxidase, as well as by the reaction with ROS[26], which
may subsequently cause the reduction in GSH levels.
Nitrate and nitrite [a marker of endogenous nitric
oxide (NO) production], as a free radical, seems to be a
potential antioxidant. It takes part in termination of lipid
peroxidation (LPO) reactions. NO is an effective chainbreaking antioxidant in free radical-mediated LPO. It
reacts rapidly with peroxyl radicals as a sacrificial chainterminating antioxidant. The antioxidant effect of NO
on LPO has been explained by terminating the radical
chain reaction through the reaction of NO with lipid
peroxy radical (ROO·) to form adducts by equation[27-29].
The protective effect of NO on LPO has also been
shown[30,31].
4 NO + 2 ROO· + H2O → 2 ROONO + 2 NO + H2O
→ RONO2 + RONO + 2 HNO2
Aerobic organisms are protected against ROS by enzymatic
antioxidant (superoxide dismutase, glutathione peroxidase
and catalase) and non-enzymatic antioxidant (such as
β-carotene, retinol, vitamin C and GSH) defense systems.
Antioxidant vitamins, such as ascorbic acid, retinol and
β-carotene play an important acute and chronic role in
reducing or eliminating the oxidant damage produced by
ROS [32]. In the present study, we also measured serum
antioxidant vitamin capacity and, levels of all of the
antioxidant vitamins were increased in FVE, but not in
famotidine treated groups. Increase in vitamin levels in
FVE groups may be related to vitamin content in FVE.
The preliminary phytochemical screening of FVE
www.wjgnet.com
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showed the presence of up to 8% volatile oil (including
about 85% of anethole, up to 5% of estragole, and
fenchone), flavonoids (rutin, quercetin and kaempferol
glycosides), coumarins (berg apten, imperatorin,
xanthotoxin and marmesin), sterols and sugars. These are
also present in oil of FVE, d-a-pinene, d-a-phellandrene,
dipentene, methyl chavicol, anisic acid, anisaldehyde and
limonene [11-13,33]. Previous studies proved that anethole
possesses significant antioxidant, anti-inflammatory
and ulcer healing activity in experimental models [34] .
Additionally, flavonoids, sterols, tannins and coumarins
of some plants are also known to possess antiulcer
activity[35-38]. Therefore, the presence of flavonoids content
and other bioactive compounds in FVE may be associated
with the ulcer preventing action.
In conclusion, our data show that FVE has an obvious
gastroprotective effect and antioxidant properties.
Although it is unclear about the exact mechanism
underlying these actions, the effects on acute gastric
lesions suggest a multifactorial mechanism, involving
the antioxidant properties of FVE. FVE may be a new
alternative for clinical management of gastric ulcer diseases
and/or an antioxidant against oxidative stress. Further
studies are required to clarify the anti-ulcer and antioxidant
actions of FVE.
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INTRODUCTION
Abstract
AIM: To assess whether trace metal concentrations
(which influence metabolism as both essential and
non-essential elements) are increased or decreased in
cancerous tissues and to understand the precise role of
these metals in carcinogenesis.
METHODS: Concentrations of trace metals including Cd,
Ni, Cu, Zn, Fe, Mg and Ca in both cancerous and noncancerous stomach tissue samples were determined by
atomic absorption spectrometry (AAS). Tissue samples
were digested using microwave energy. Slotted tube
atom trap was used to improve the sensitivity of copper
and cadmium in flame AAS determinations.
RESULTS: From the obtained data in this study,
the concentrations of nickel, copper and iron in the
cancerous human stomach were found to be significantly
higher than those in the non-cancerous tissues, by using
t -test for the paired samples. Furthermore, the average
calcium concentrations in the cancerous stomach tissue
samples were found to be significantly lower than those
in the non-cancerous stomach tissue samples by using
t -test. Exceedingly high Zn concentrations (207-826 mg/
kg) were found in two paired stomach tissue samples
from both cancerous and non-cancerous parts.
CONCLUSION: In contrast to the literature data for Cu
and Fe, the concentrations of copper, iron and nickel in
cancerous tissue samples are higher than those in the
non-cancerous samples. Furthermore, the Ca levels are
lower in cancerous tissue samples than in non-cancerous
tissue samples.
© 2007 The WJG Press. All rights reserved.
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The importance of essential trace metals in health and
disease is indisputable because of their essential role in
specific concentration ranges and toxic role at relatively
high levels. Essential trace elements have four major
functions as stabilizers, elements of structure, essential
elements for hormonal function and cofactors in enzymes.
As a result, the lack of essential trace elements influences
structure alone or alters function of structure through
the lack of stabilization, change of charge properties
or allosteric configuration [1]. It may be expected that
deficiency of essential trace elements as cofactors of
enzymes could severely impair the host's resistance
against carcinogenic stress [2]. Among these elements,
zinc is a component of more than 3000 zinc-associated
transcription factors including DNA-binding proteins with
zinc fingers, and more than 300 enzymes including Cu/Zn
superoxide dismutase (CuZnSOD) (SOD is an important
antioxidant enzyme for cellular protection against reactive
oxygen species (ROS) and several proteins involved in
DNA repair [3-5] . Metallothioneins, being intracellular
polypeptides have a remarkable ability to bind to metallic
ions including both essential and also toxic metals such as
cadmium or lead. Copper is a component of more than 30
enzymes including caeruloplasmine, cytochrome oxidase,
lysine oxidase, dopamine-hydroxylase, ascorbate oxidase
and tyrosinase in human body, some of which are involved
in collagen synthesis, as well as being necessary for the
healthy development of connective tissue, nerve coverings
and bone[6,7].
The role of metals in the development and inhibition
of cancer has a complex character and raises many
questions. In the past 25 years, some metals including
cadmium, nickel, arsenic, beryllium and chromium (Ⅵ),
have been recognized as human or animal carcinogens in
addition to primary carcinogens such as radiation, viruses
and other chemicals [7,8] . Their carcinogenic potential
depend largely on factors such as oxidation states and
chemical species [9]. It is supposed that oxidative DNA
lesions play an important role in various diseases including
cancer and premature aging. The increase in oxidative
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DNA lesions are frequently described as being attributable
to metal exposure. Metal carcinogenesis is mediated either
by the increased generation of highly ROS on the basis
of ESR spin trapping studies[10] and/or by interference
with DNA repair processes[11]. Almost all metals are able
to generate ROS, which can explain a great part of both
their carcinogenicity and their aptitude in the treatment
of cancer. Induction of oxidative DNA damage and
interaction with DNA repair processes can lead to an
enhancement of genotoxicity in combination with a variety
of DNA-damaging agents. Nucleotide excision repair
(NER) which is the major repair system, is inhibited at
low levels as well as at non-cytotoxic concentrations of Ni
(Ⅱ), Cd (Ⅱ), Co (Ⅱ) and As (Ⅲ). The repair of oxidative
DNA base modifications is disturbed by Ni (Ⅱ) and Cd
(Ⅱ) ions. One reason for repair inhibition appears to be
the displacement of Zn (Ⅱ) and Mg (Ⅱ)[12]. Magnesium
and Zn, that are cofactors for DNA polymerase, are
effective protectors against carcinogenesis in vivo. Although
Zn and Cu concentrations in serum and tissues of cancer
patients have been studied extensively, the precise role of
these metals in carcinogenesis is not clearly understood.
While a great depth of literature is available regarding
the alterations in the levels of trace elements in serum,
relatively few studies are available on trace element levels
in cancerous and non-cancerous human stomach tissue.
Reddy and coworkers reported that the concentrations of
essential metals including Fe, Zn and Cu are significantly
lower in cancerous stomach tissue than in nor mal
tissues[13]. Similarly, the lower Fe and Zn levels in cancerous
stomach tissues than in normal tissues are also supported
by von Czarnowski and coworkers[14]. Few studies have
simultaneously determined both toxic and essential trace
elements in cancerous and non-cancerous stomach tissues.
On the other hand, most studies have been performed
on dried and occasionally homogenized samples, that
disturb the tissue from its natural physiological state. Ng
and coworkers[15] reported that the wet-to-dry ratio of
tumor (malignant) breast tissues is higher (more 2-times)
than that of the normal tissues. Therefore the elevation of
elemental contents in tumors is significantly different from
that in normal tissues when concentrations are adjusted by
using the wet-to-dry ratio of the samples. The same study
noted that the wet-to-dry ratio varies significantly amongst
specimens, not only of different types but also between
samples of the same group[15]. Therefore, evaluation of
trace element levels in dried samples should be regarded
as incomplete in the absence of wet-to-dry ratios for
individual specimens. It would appear that study of fresh
and unprocessed specimens is preferable. On the other
hand, the ratio of Cu to Zn (Cu/Zn) intake is widely
utilized to assist diagnosis of various cancers or tumors[16].
The usefulness of the tissue-metal determination in cancer
prevention, detection, monitoring, treatment and prognosis
requires further investigation.
In our laboratory, atomic absorption spectrometry
(AAS) being the most common analytical technique has
been successfully used for trace metal analysis in biological
samples[17-20]. To improve the sensitivity of flame atomic
absorption spectrometry (FAAS), a slotted tube atom trap
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(STAT) has been used for some metals such as Cd, Pb
and Cu in biological matrices[19-22]. In the current study,
the concentrations of various minor and trace metals,
including Cd, Ni, Cu, Zn, Fe, Mg and Ca in cancerous
and non-cancerous stomach tissues, were determined by
atomic absorption spectrophotometry. For digestion of
the tissues, a microwave oven was used.

MATERIALS AND METHODS
Apparatus and reagents
A n AT I U N I C A M 9 2 9 f l a m e a t o m i c a b s o r p t i o n
spectrophotometer (FAAS) equipped with ATI UNICAM
and KOTTO hollow cathode lamps was used for metal
determinations. The optimum conditions for FAAS are
given in Table 1. A STAT was used to improve the Cd
and Cu sensitivities by FAAS. A domestic microwave oven
(Kenwood) was used for digestion of the tissues. Unless
stated otherwise, all chemicals used were of analytical
grade. Throughout the analysis, doubly distilled water was
used. All glass apparatus (Pyrex) were kept permanently
full of 1 mol/L nitric acid when they were not used. In
the digestion procedures, concentrated nitric acid (65%,
Merck) and hydrogen peroxide (35%, Merck) were used.
Stock solutions of metals (1000 mg/L) were prepared by
dissolving their salts (Merck) in 1.0 mol/L nitric acid.
Preparation of samples
Fresh stomach tissue samples were taken since fresh
and for malin-fixed tissues have been demonstrated
to yield virtually the same results for essential and
toxic metals including Ca, Mg, Fe, Cu, Zn, As, Cd,
Hg and Pb [23]. In the current study, the samples were
obtained in the formaldehyde solution from private
Pathology Laboratories and the pathology laboratories
of Firat University in Elazig, Turkey, after surgery and
histopathologic examination. A total of eighteen samples
were taken, of which four cancerous (malign) stomach
tissue samples were taken from patients of different
sex, age and living conditions, described as independent
samples in this study, the other fourteen samples were
taken from both cancerous (malign) and non-cancerous
(normal) stomach tissues, described as paired samples in
this study. All the patients were diagnosed as grade ⅡⅢ or Ⅲ-Ⅳ adenocarcinoma except that one patient at
the age of 80 years had grade I and poorly differentiated
adenocarcinoma. Fur ther more, most patients had
metastatic and differentiated adenocarcinoma. The tissue
samples were cut into small pieces with a stainless steel
knife and transferred to a beaker.
Digestion of tissue samples
Exactly 2.0 mL of the mixture of HNO3/H2O2 (2:1) was
added to 0.7 g of the tissue samples. The mixture was
placed into the water bath at 70℃ for 30 min and stirred
occasionally. Then, 1.0 mL of the same acid mixture was
added, and the mixture was transferred into a Teflon
vessel bomb for the microwave oven. The bomb was
closed, and the solution was placed inside the microwave
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Table 1 Operation parameters for flame atomic absorption
spectrophotometer
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Table 2 Equations of the curves
Equation

Parameter

Cd

Ni

Wavelength (nm)

228.8 232

Cu

Zn

Fe

324.8

213.9

248.3 285.2

HCL current (mA)

4

7.5

3

9.5

Acetylene flow rate
(L/min)

0.5

0.5

0.5

0.5

-

-

-

15
0.5
-

Mg
15
0.5
-

Ca

Y = 2.4972x + 1.12

R2 = 0.99

For Cd (4-100 ng/mL by
STAT-AAS)

Y = 0.3278x - 0.2083

R2 = 1

For Cu (25-400 ng/mL by
STAT-AAS)

Y = 85x + 0.5

R2 = 0.99

For Ni (0.2-2.0 mg/L)

Y = 302x + 0.75

R2 = 0.99

For Zn (0.1-1.0 mg/L)

Y = 64x + 0.43

R2 = 1

For Fe (0.20-3.0 mg/L)

422.7
6
4.2

N2O flow rate
(L/min)

-

4.7

Air flow rate (L/min)

4

4

4

4

4

4

-

Y = 515x + 7.0

R2 = 0.99

For Mg (0.25-2.0 mg/L)

Slit (nm)

0.5

0.2

0.5

0.5

0.2

0.5

0.5

Y = 305x + 39

R2 = 1

For Ca (0.25-2.0 mg/L)

oven. Radiation was applied for 3 min at 450 W. After
addition of 0.5 mL of the same acid mixture, radiation was
repeated for 3 min. After cooling for 5 min, 2.0 mL of 0.1
mol/L HNO3 was added, and the solution was transferred
into a Pyrex tube. After centrifugation, the clear solution
was measured by FAAS. Three different portions of each
sample were digested and the average value was calculated
for the same tissue. Blank digests were carried out in the
same way.

RESULTS
Calibration curves were obtained by using solutions of the
studied elements at different concentrations. The graphs
obtained were linear in the concentration range and the
equations of the curves are described in Table 2.
Analytical performance
The accuracy of the method was studied by examining the
recovery of metals from stomach tissue samples fortified
with various amounts of the studied metals. The following
metal amounts were added: 30 ng/g of Cd, 200 ng/g of
Ni, 0.3 mg/kg of Cu, 10 mg/kg of Zn, 10 mg/kg of Fe,
100 mg/kg of Mg and 300 mg/kg of Ca. After digestion
in microwave oven, the recoveries were found to be at
least 90% for all studied metals. Furthermore, the standard
addition method was used to remove possible interferences
caused by the matrix. The slopes of the calibration
curves for all studied elements were compared with those
obtained by the standard addition method. The slopes of
the calibration curves were found to be the same as those
obtained with the standard addition method. In other
words, all of the standard addition curves were parallel to
the calibration curves. These results indicated the absence
of chemical interference.
Levels of the metals including Cd, Ni, Cu, Zn, Fe, Mg
and Ca in the reagent blanks in the analytical steps were
found to be 0.5, 25, 10, 50, 50, 105 and 190 ng/mL with
the standard deviations being 0.1, 4.0, 1.5, 9.0, 8.0, 20 and
35, respectively. Therefore, the detection limits for these
elements defined as three times the s values of blanks were
calculated as 0.3, 12, 4.5, 27, 24, 60 and 105 ng/mL. The
precision of the standard deviations for 10 samples of the
same tissue was found to be less than 10% for all studied
elements.

www.wjgnet.com

Comparison of metal levels in cancerous and noncancerous tissues
Metals are considered to act not only as carcinogens
but also as co-carcinogens that activate carcinogenic
chemicals. In evaluating the differences in cancerous
and non-cancerous tissue samples, two comparisons
were conducted: one between paired cancerous and
non-cancerous tissue samples, the other between total
cancerous and non-cancerous samples. P values (obtained
by using t-test) less than 0.05 were considered significantly
different between the two groups. The samples with
exceptionally high values were disregarded in calculating
the average and range.
Data related with carcinogenic effects of cadmium are
available from the literature[24]. Multiple studies have linked
occupational exposure to Cd with pulmonary cancer in
humans, whereas a few studies showed that Cd exposure
is associated with cancers of stomach and other sites
in humans[24]. As it can be seen from Table 3, there was
no significant difference in Cd concentrations between
cancerous and non-cancerous stomach tissue samples, in
the present study.
Nickel: The International Agency for Research on
Cancer (IARC) has classified the carcinogenic substances
in two groups. Group 1 includes substances “known
to be human carcinogens or sufficient evidence of
carcinogenicity from studies in humans”, group 2 includes
substances “reasonably anticipated to be a human
carcinogen”. The chemicals in group 2 are classified in
two subgroups by IARC. Group 2A includes substances
“probably carcinogenic to humans”, and group 2B
includes substances “possibly carcinogenic to humans”
[8]
. Kasprazak and coworkers [25] have made an overall
evaluation of the carcinogenicity of nickel and found that
Ni compounds are carcinogenic to humans (group 1), and
metallic nickel is possibly carcinogenic to humans (group
2B).
vonCzarnowski et al[14] showed that Ni levels are lower
in cancerous (malign) stomach tissues than in normal
stomach tissues, whereas Reddy et al[13] reported that nickel
concentrations are 6-time higher in cancerous stomach
tissues than in normal stomach tissues. In this study,
the Ni levels in cancerous stomach tissue samples were
significantly higher (P < 0.05 for the paired samples) than
those in the non-cancerous stomach tissue samples (Tables
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Table 3 Trace metal concentrations in cancerous and non-cancerous stomach tissues. Every single cancerous tissue belongs to a different
patient (mean ± SD, n = 3)
Tissue

Cd (ng/g)

(Age)

Cancer
nonous can-cerous

Ni (ng/g)

Stomach 30 ± 9
(65)
Stomach 156 ± 16
(62)
Stomach 50 ± 9
(80)
Stomach 29 ± 16
(66)
Stomach 10 ± 3 33 ± 6
(58)1
Stomach 33 ± 10 42 ± 7
(60)1
Stomach 68 ± 26 130 ± 21
(57)1
Stomach 90 ± 15 63 ± 8
(59)1
Stomach 107 ± 19 55 ± 5
(52)1
Stomach 22 ± 9 58 ± 8
(51)1
Stomach 31 ± 3 33 ± 6
(66)1
Stomach 30 ± 6 55 ± 6
(60)1
Stomach 10 ± 1 33 ± 3
(49)1
Stomach 30 ± 5 32 ± 4
(55)1
Stomach 65 ± 17 85 ± 10
(50)1
Stomach 60 ± 12 80 ± 11
(53)1
Stomach 70 ± 12 105 ± 10
(40)1
Stomach 32 ± 5 100 ± 12
(51)1
Average 51 ± 37 65 ± 31
Range
10-156 32-130

Cancer
ous

Cu (mg/kg)

Zn (mg/kg)

Fe (mg/kg)

Mg (mg/kg)

nonCancernonCancernonCancer
nonCancernoncancerous
ous
cancerous
ous
cancerous ous cancerous
ous
cancerous

Ca (mg/kg)
Cancerous

noncancerous

0.6 ± 0.1

11 ± 1

24 ± 3

508 ± 752

526 ± 85

260 ± 30

0.9 ± 0.1

26 ± 2

8±1

203 ± 18

545 ± 90

740 ± 84

0.9 ± 0.2

23 ± 24

65 ± 30

44 ± 172

1010 ± 930

820 ± 113

0.7 ± 0.1

7±1

60 ± 17

112 ± 30

480 ± 130

905 ± 690 328 ± 55

1.2 ± 0.1 1.0 ± 0.3

11 ± 1

23 ± 0.1

25 ± 4

19 ± 8

80 ± 10

200 ± 14

390 ± 76

834 ± 155

1120 ± 265 840 ± 93

1.8 ± 0.1 1.5 ± 0.2

12 ± 2

17 ± 1

16 ± 2

21 ± 2

150 ± 12

84 ± 10

335 ± 41

450 ± 86

1.5 ± 0.2 1.2 ± 0.1

16 ± 2

21 ± 4

37 ± 9

18 ± 5

210 ± 23 190 ± 15

432 ± 96

1047 ± 120

2010 ± 356 1240 ± 112 1.7 ± 0.2 0.9 ± 0.1

25 ± 3

19 ± 1

40 ± 5

23 ± 3

106 ± 11

45 ± 52

235 ± 34

492 ± 75

335 ± 164 321 ± 237 1.5 ± 0.6 1.1 ± 0.3

22 ± 2

19 ± 1

34 ± 14 36 ± 21

740 ± 145 720 ± 95

1.1 ± 0.2 0.6 ± 0.1

18 ± 2

16 ± 1

35 ± 4

34 ± 3

527 ± 116 241 ± 32

2.8 ± 0.1 0.9 ± 0.5

41 ± 4

30 ± 15

20 ± 2

360 ± 92

270 ± 32

0.5 ± 0.07 0.7 ± 0.1

25 ± 2

30 ± 3

182 ± 72

190 ± 5

4.3 ± 0.5 2.1 ± 1.6

19 ± 4

500 ± 98

240 ± 28

2.8 ± 0.1 1.2 ± 0.2

33 ± 3

700 ± 85

750 ± 103 1.7 ± 0.1 0.8 ± 0.1

300 ± 45

130 ± 12

730 ± 98

850 ± 120 2.2 ± 0.2 1.9 ± 0.1

15 ± 2

410 ± 65

800 ± 112 2.2 ± 0.2 1.3 ± 0.1

230 ± 55

510 ± 80

439 ± 57

2.4 ± 0.3 0.8 ± 0.1

632 ± 430 526 ± 335 1.7 ± 1
230-2010 130-1240 0.5-4.3

210 ± 15 300 ± 128
30 ± 52

403 ± 55

523 ± 41

23 ± 7

270 ± 15 241 ± 30

530 ± 10

624 ± 78

9±2

10 ± 3

200 ± 28 215 ± 25

600 ± 110

615 ± 65

23 ± 2

17 ± 3

20 ± 4

130 ± 21 110 ± 17

460 ± 62

484 ± 56

35 ± 4

12 ± 3

18 ± 4

190 ± 20 135 ± 15

533 ± 67

624 ± 60

207 ± 192 826 ± 552

25 ± 2

13 ± 2

314 ± 30 184 ± 22

746 ± 86

713 ± 66

410 ± 282 380 ± 362

26 ± 3

15 ± 2

207 ± 31 275 ± 10

685 ± 74

715 ± 61

16 ± 2

42 ± 4

25 ± 3

215 ± 10 200 ± 40

375 ± 42

417 ± 36

17 ± 1

16 ± 2

42 ± 5

24 ± 2

327 ± 30 210 ± 25

476 ± 26

508 ± 52

20 ± 9
7-41

22 ± 6
16-30

30 ± 16 21 ± 7
8-65
10-36

195 ± 72 195 ± 63
24-508
30-300

537 ± 196 660 ± 230
235-1010 417-1199

1.1 ± 0.4
0.6-2.1

24 ± 32

911 ± 215 1199 ± 53

1

Cancerous and non-cancerous tissues in lines belong to the same persons; 2These values are not included in calculation of average and in range data.

Table 4 Significant and tendentious elements in cancerous
human stomach tissue except for the last one
P (for paired samples) P (for total samples)

Status

Stomach

Significant

Ca (-)
Cu (+)
Fe (+)

0.009
0.001
0.046

0.122
0.036
0.065

Tendentious Ni (+)

0.092
0.025

0.409

3, 4 and Figure 1).
Copper: Although copper is an essential element for
humans and animals, high concentrations of Cu (above
normal) could induce growth proliferation and cancer
by damaging DNA with toxic free hydroxyl radicals [26].
Conflicting results regarding Cu concentrations have been
observed in cancerous and normal stomach tissues[13,14].

VonCzarnowski and coworkers[14] reported that there are
no differences in Cu concentrations between cancerous
(malign) and normal stomach tissue samples, whereas
Reddy and coworkers [13] described that Cu levels in
cancerous stomach tissue samples are 3-time lower than
those in normal stomach tissue samples. In the present
study, the Cu levels in cancerous stomach tissues were
significantly higher (P = 8.10 -4 for the paired samples
and P < 0.05 for total samples) than those in noncancerous stomach samples (Tables 3, 4 and Figure 2). The
mechanism of copper elevation in cancerous tissues may
be explained by modifications in the relationships among
trace elements with reduced catabolism or by increased
neoplastic synthesis of ceruoplasmin. Metal carcinogenesis
is mediated either by the increased generation of highly
ROS (Fenton reaction) and/or by interference with DNA
repair processes [11,26]. Since almost all metals are able
to generate ROS, further studies on the determination
of trace element levels together with ROS production
www.wjgnet.com
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Figure 1 Comparison of Ni levels between
cancerous and non-cancerous stomach
tissue samples. The concentration of
number 19 is average value.
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Figure 2 Comparison of Cu levels
between cancerous and noncancerous stomach tissue samples. The
concentration of number 19 is average
value.
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are needed. Consequently, the physiological processes
underlying tumor development can lead to uptake of
trace elements by neoplastic cells because of the increased
cellular and enzymatic activity.
Zinc: It was re por ted that Zn concentrations in
cancerous stomach tissue are lower than those in normal
tissues[13-14]. It can be seen from Table 3, there was no
significant difference in Zn concentrations between
cancerous and non-cancerous stomach tissue the paired
samples. Excessive zinc concentrations were found in
both cancerous and non-cancerous stomach tissues from
two patients. Unfortunately, we could not explain these
excessive Zn levels.
Iron: Although Fe is an essential nutritional element for all
life forms, it is known that excess iron and iron deficiency
also lead to oxidative DNA damage[27]. It was reported that
iron levels are significantly decreased in cancerous stomach
www.wjgnet.com

tissue in comparison with those in nor mal stomach
tissue[13-14]. On the other hand, Hercberg and coworkers[28]
reported that serum ferritin concentration >160 ng/mL is
an increased risk of developing cancer in women but not
in men. In this study, Fe levels in the cancerous stomach
tissue samples were significantly higher (P < 0.05 for the
paired samples and P = 0.065 for all samples) than those in
the non-cancerous tissue samples (Tables 3, 4 and Figure
3). These findings can also be explained by the Fenton
reaction described above.
Calcium: It was reported that calcium concentrations
in cancerous stomach tissues are lower than those in the
normal tissues[13], whereas steady Ca concentrations are
observed in cancerous and normal stomach tissues [14].
In this study, Ca levels in the cancerous stomach tissue
samples were significantly lower (P < 0.01 for the paired
samples) than those in the non-cancerous tissue samples,
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Figure 3 Comparison of Fe levels
between cancerous and noncancerous stomach tissue samples. The
concentration of number 19 is average
value.
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Figure 4 Comparison of Ca levels
between cancerous and noncancerous stomach tissue samples. The
concentration of number 19 is average
value.
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similar to the results of Reddy coworkers (Tables 3, 4
and Figure 4). It was described that Ni+2 can block Ca+2
channels and hence, nickel releases the stored intracellular
Ca+2 via a mechanism underlying the interaction between
Ni+2 ions and the cell surface Ca+2 receptor[25]. The results
of this study, involving the lower Ca concentrations
in cancerous stomach tissue samples than in the noncancerous tissue samples, agree with the observed higher Ni
levels in cancerous tissues than in non-cancerous tissues.
Magnesium: There were no significant differences in the
Mg concentrations between cancerous and non-cancerous
stomach tissues (Table 3).
The significant and tendentious elements are listed
in Table 4. The positive sign was used to illustrate
accumulation of the elements in cancerous tissue, and the
minus sign was used to indicate the depletion of elements
in the cancerous stomach tissue samples in comparison to

the non-cancerous tissue samples.

DISCUSSION
Reddy and coworkers[13] found that the concentrations
of trace metals in normal/cancerous tissues (mg/kg) on
dry weight basis are as follows: Fe = 2408/684, Cu =
63.5/21.2, Zn = 818/229, Ni = 10.5/60, Pb = 8.8/8.1
and Ca = 647/433. They described that the low iron level
observed in carcinoma tissue of stomach might not initiate
carcinoma in stomach, but the low absorption of iron
may be due to the lack of HCl which in turn may be due
to the carcinogenic nature of stomach. The lower iron
levels observed in cancer tissue of stomach is supported
by vonCzarnowski and coworkers[14]. In the present study,
copper, iron and nickel concentrations in cancerous
stomach tissue samples were higher than those in nonwww.wjgnet.com
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cancerous stomach tissue samples. Although ROS were
not measured in this study, these results are in agreement
with the reported data[29]. Furthermore, we found that Ca
levels in the cancerous stomach tissue samples were lower
than those in the non-cancerous stomach tissue samples. It
was reported that calcium and magnesium concentrations,
similar to iron, nickel and zinc in cancerous prostate
tissue are higher than those in non-cancerous prostate
tissue[18]. The increase in calcium concentration and its
heterogeneous distribution in malign prostate tissue in
contrast to the data obtained in stomach tissue may be
attributed to calcium functions and behaviors depending
on the organ type. The organ-dependency on the changes
in trace metal concentrations in cancerous and endometrial
tissues[30] also supports these explanations. We think that
the decreased Ca levels and the increased Ni concentrations
in cancerous stomach tissues as well as its heterogeneous
distribution in comparison to non-cancerous samples are
very important for the investigation of cancer mechanism
in this organ due to the displacement of Ni with Ca. The
results in disagreement with the explanations above may
be attributed to their subgroups of cancerous properties
because the different mechanisms may be effective in such
conditions.
In conclusion, STAT can be used to improve the
sensitivity of copper and cadmium. In addition, the tissue
digested in a microwave oven has very low blank values
and can reduce the risk of metal loss or contaminations.
The closed microwave digestion offers an easy and reliable
method for the complete dissolution of tissues prior to the
determination of trace metals.

11

12
13

14

15
16
17
18
19
20
21
22

REFERENCES
1
2
3
4
5
6
7
8
9
10

Feinendegen LE, Kasperek K. Medical aspects of trace element research. Trace Elem Anal Chem Med Biol 1980; 1-17
Schrauzer GN. The role of trace elements in the etiology of
cancer. Trace Elem Anal Chem Med Biol 1980; 183-195
Beyersmann D. Homeostasis and cellular functions of zinc.
Materıalwıssenschaft und werkstofftechnık 2002, 33: 764-769
Auld DS. Zinc coordination sphere in biochemical zinc sites.
Biometals 2001; 14: 271-313
Ho E. Zinc deficiency, DNA damage and cancer risk. J Nutr
Biochem 2004; 15: 572-578
Cai L, Li XK, Song Y, Cherian MG. Essentiality, toxicology and
chelation therapy of zinc and copper. Curr Med Chem 2005; 12:
2753-2763
Mertz W. Trace elements in human and animal nutrition. 5th
ed. San Diego, California: Academic Press, 1987: 1-2
Tomatis L. The identification of human carcinogens and primary prevention of cancer. Mutat Res 2000; 462: 407-421
Rojas E, Herrera LA, Poirier LA, Ostrosky-Wegman P. Are
metals dietary carcinogens? Mutat Res 1999; 443: 157-181
Wang Y, Fang J, Leonard SS, Rao KM. Cadmium inhibits the
electron transfer chain and induces reactive oxygen species.

23
24
25
26
27
28

29
30

January 28, 2007

Number 4

Free Radic Biol Med 2004; 36: 1434-1443
Merzenich H, Hartwig A, Ahrens W, Beyersmann D, Schlepegrell R, Scholze M, Timm J, Jöckel KH. Biomonitoring on
carcinogenic metals and oxidative DNA damage in a crosssectional study. Cancer Epidemiol Biomarkers Prev 2001; 10:
515-522
Hartwig A. Recent advances in metal carcinogenicity. Pure
Appl Chem 2000; 72: 1007-1014
Reddy SB, Charles AJ, Raju GJN, Vijayan V, Reddy BS, Kumar
MR, Sundareswar B. Trace elemental analysis of carcinoma
kidney and stomach by PIXE method. Nucl Instr Meth Phys Res
B 2003; 207: 345-355
VonCzarnowski D, Denkhaus E, Lemke K. Determination of
trace element distribution in cancerous and normal human
tissues by total X-ray fluorescence analysis. Spectrochim Acta B
1997; 52: 1047-1052
Ng KH, Bradley DA, Looi LM. Elevated trace element concentrations in malignant breast tissues. Br J Radiol 1997; 70:
375-382
Zhai H, Chen X, Hu Z. Study on the relationship between intake of trace elements and breast cancer mortality with chemometric methods. Comput Biol Chem 2003; 27: 581-586
Yaman M. Nickel speciation in soil and the relationship with
its concentration in fruits. Bull Environ Contam Toxicol 2000; 65:
545-552
Yaman M, Atici D, Bakirdere S, Akdeniz I. Comparison of trace metal concentrations in malign and benign human prostate.
J Med Chem 2005; 48: 630-634
Yaman M. The improvement of sensitivity in lead and
cadmium determinations using flame atomic absorption
spectrometry. Anal Biochem 2005; 339: 1-8
Yaman M, Akdeniz I. Sensitivity enhancement in flame atomic
absorption spectrometry for determination of copper in human thyroid tissues. Anal Sci 2004; 20: 1363-1366
Yaman M. Determination of Cd and Pb in Human Urine by
STAT-FAAS after enrichment on Activated Carbon. J Anal At
Spectrom 1999; 14: 275-278
Yaman M, Dilgin Y. AAS Determination of Cadmium in Fruits
and Soils. At. Spectros 2002; 23: 59-64
Bush VJ, Moyer TP, Batts KP, Parisi JE. Essential and toxic
element concentrations in fresh and formalin-fixed human autopsy tissues. Clin Chem 1995; 41: 284-294
Waisberg M, Joseph P, Hale B, Beyersmann D. Molecular and
cellular mechanisms of cadmium carcinogenesis. Toxicology
2003; 192: 95-117
Kasprzak KS, Sunderman FW, Salnikow K. Nickel carcinogenesis. Mutat Res 2003; 533: 67-97
Theophanides T, Anastassopoulou J. Copper and carcinogenesis. Crit Rev Oncol Hematol 2002; 42: 57-64
Ames BN. DNA damage from micronutrient deficiencies is
likely to be a major cause of cancer. Mutat Res 2001; 475: 7-20
Hercberg S, Estaquio C, Czernichow S, Mennen L, Noisette N,
Bertrais S, Renversez JC, Briançon S, Favier A, Galan P. Iron
status and risk of cancers in the SU.VI.MAX cohort. J Nutr
2005; 135: 2664-2668
Yaman M. Comprehensive comparison of trace metal concentrations in cancerous and non-cancerous human tissues. Curr
Med Chem 2006; 13: 2513-2525
Yaman M, Kaya G, Simsek M. Comparison of trace element
concentrations in cancerous and noncancerous human endometrial and ovary tissues. Int J Gynecol Cancer 2007;17:220-228
S- Editor Wang GP

www.wjgnet.com

Volume 13

L- Editor Wang XL

E- Editor Ma WH

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 January 28; 13(4): 619-622
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Evaluation of the effect of partial splenic embolization on
platelet values for liver cirrhosis patients with thrombocytopenia
Chi-Ming Lee, Ting-Kai Leung, Hung-Jung Wang, Wei-Hsing Lee, Li-Kuo Shen, Jean-Dean Liu, Chun-Chao Chang,
Ya-Yen Chen
Chi-Ming Lee, Ting-Kai Leung, Hung-Jung Wang, Wei-Hsing
Lee, Li-Kuo Shen, Ya-Yen Chen, Department of Diagnostic
Radiology, Taipei Medical University Hospital, Taipei, Taiwan,
China
Chi-Ming Lee, Ting-Kai Leung, Department of Medicine, Taipei
Medical University, Taipei, Taiwan, China
Jean-Dean Liu, Chun-Chao Chang, Division of Gastroenterology,
Department of Internal Medicine, Taipei Medical University
Hospital, Taipei, Taiwan, China
Supported by the Min-Sheng Healthcare, No.93MSH-TMU-12
Correspondence to: Hung-Jung Wang, 252, Wu Hsing Street,
110, Taipei, Taiwan, China. yayen0220@yahoo.com.tw
Telephone: +886-2-27372181-1131 Fax: +886-2-23780943
Received: 2006-11-03
Accepted: 2006-12-25

rate in < 30% and ≥ 30% embolization area groups was
50% and 100%, respectively.
CONCLUSION: Partial splenic embolization is an
effective method to improve platelet values and GPT
values in liver cirrhosis patients with thrombocytopenia
and the ≥ 30% embolization area is meaningful for
platelet values improvement. The relationship between
the complication rate and embolization area needs
further studies.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the effect of partial splenic
embolization (PSE) on platelet values in liver cirrhosis
patients with thrombocytopenia and to determine
the effective embolization area for platelet values
improvement.
METHODS: Blood parameters and liver function
indicators were measured on 10 liver cirrhosis patients
(6 in Child-Pugh grade A and 4 in grade B) with
3
thrombocytopenia (platelet values < 80 × 10 /μL) before
embolization. Computed tomography scan was also
needed in advance to acquire the splenic baseline. After
2 to 3 d, angiography and splenic embolization were
performed. A second computed tomography scan was
made to confirm the embolization area after 2 to 3 wk
of embolization. The blood parameters of patients were
also examined biweekly during the 1 year follow-up
period.
RESULTS: According to the computed tomography
images after partial splenic embolization, we divided
all patients into two groups: low (< 30%), and high (≥
30%) embolization area groups. The platelet values
were increased by 3 times compared to baseline levels
after 2 wk of embolization in high embolization area
group. In addition, there were significant differences in
platelet values between low and high embolization area
groups. GPT values decreased significantly in all patients
after 2 wk of embolization. The improvement in platelet
and GPT values still persisted until 1 year after PSE.
In addition, 3 of 4 (75%) Child-Pugh grade B patients
progressed to grade A after 2 mo of PSE. The complication
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INTRODUCTION
The spleen is known to be involved in thrombocytopenia
associated with liver cirrhosis [1]. Thrombocytopenia in
patients with liver cirrhosis has been reported to be caused
by an increased platelet pool in the enlarged spleen [2],
impaired platelet production in the bone marrow [3] ,
decreased platelet function [4], and abnormalities in the
platelet membranes[5]. Recently, an article[6] reported that
decreased production of thrombopoietin (TPO) might
also promote the development of thrombocytopenia in
liver cirrhosis. Partial embolization of the splenic vessels
has been used to treat hypersplenism of thrombocytopenia
in liver cirrhosis patients. Mozes et al [7] described the
benefit of partial splenic embolization (PSE) in reducing
the prevalence of complications from splenic artery
embolization. Miyazaki et al[8] reported the effectiveness
of PSE in thrombocytopenia. Their reports suggested
that PSE might be a safe and effective alternative to
splenectomy in the treatment of thrombocytopenia. The
aim of the current study was to investigate the effect of
partial splenic embolization on platelet values in liver
cirrhosis patients with thrombocytopenia and to determine
www.wjgnet.com
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the effective embolization area for platelet values
improvement.

Statistical analysis
Blood parameters were compared using paired t test. P < 0.05
means significant differences.

RESULTS
The mean age of our patients was 56 years (from 19 to
71). According to the embolization areas presented on CT,
we divided all patients into two groups: low embolization
group (< 30%): 2 patients, and high embolization group
(≥ 30%): 8 patients. The average embolization areas in
these two groups were 20% and 40%, respectively. The
effect of PSE on platelet values is listed in Table 1. In high
embolization area group, the platelet values after 2 wk and
1 year of embolization were 2 to 3 times the basal values.
In addition, we also evaluated the effect of different
embolization areas on platelet values. We observed a
marked variation of platelet values between low and high
embolization groups. We found that an embolization area
equal to or higher than 30% is an effective embolization
area for improvement of platelet values.
www.wjgnet.com
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Table 1 Effects of partial splenic embolization on platelet values
Basal values
3
(× 10 /μL)

MATERIALS AND METHODS
Ten liver cirrhosis patients with thrombocytopenia (platelet
value < 80 × 103/μL) were transferred to our department
to receive partial splenic embolization at Taipei Medical
University Hospital from January 2004 to September
2005. All patients gave informed consent before their
participation, and the Ethics Committee of Taipei Medical
University Hospital approved the study. The Child-Pugh
classifications of these 10 patients were grade A in 6 and
grade B in 4 patients. They had no other chronic diseases.
Before partial splenic embolization, measurements were
taken of platelet, white blood counts, hemoglobin,
bilir ubin, alkaline phosphatase, and liver function
indicators [aspartate aminotransferase, ASAT (GOT), and
alanine aminotransferase, ALAT(GPT)].
Before the PSE, they underwent computed
tomography (CT, HiSpeed CT/I; GE Medical Systems,
Milwaukee, WI, USA) to observe the basal status of the
spleen and calculate the volume of the spleen using the
software of CT. After 2 to 3 d, angiography and PSE
were performed, respectively. A femoral artery approach
was used for superselective catheterization of the splenic
artery. The catheter tip was placed as distally as possible
in either the hilus of the spleen or the intrasplenic artery.
Embolization was done by injections of a gelatin sponge
(Gelfoam cube, Upjohn, Kalamazoo, USA) cut into 1 to
2 mm cube and suspended in 1 g cefazolin-containing
solution. When the blood flow in this artery stopped, we
finished the embolization. After 2 to 3 wk of PSE, we
did CT scan again to confirm the embolization area via
calculating the volume of the spleen. In addition, these
patients took antibiotics orally to prevent sepsis. During
the one year follow up period, we measured the blood
parameters mentioned above biweekly, and recorded the
blood parameters at every time point.
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Low embolization
56
54
Average platelet value
High embolization
60
40
67
61
58
64
48
51
Average platelet value

Embolization
area (%)
15
25

35
45
35
30
30
30
50
65

After 2 wk
3
(× 10 /μL)
69
66
67.5
1751
2031
2581
2121
2071
71
2501
1591
1922

After 1 year
3
(× 10 /μL)
66
51
58.5
1361
1581
1401
1851
1491
59
1951
1411
1452

1

Means significant differences in platelet values between basal values and
post-embolization values; 2Means significant differences in platelet values
between low and high embolization areas groups.

Table 2 Effect of partial splenic embolization on GPT values
Basal values
(IU/L)
Low embolization
145
95
Average GPT value
High embolization
87
76
102
98
87
116
79
66
Average GPT value

Embolization
area (%)

After 2 wk
(IU/L)

After 1 year
(IU/L)

15
25

461
571
51.5

451
511
48

35
45
35
30
30
30
50
65

471
501
541
441
561
581
591
451
52

521
511
401
511
441
541
551
351
48

1

Means significant differences in GPT values between basal values and postembolization values.

PSE cannot improve the GOT values markedly;
however, the GPT values of these 10 patients after 2 wk
of PSE decreased baldly and the range of degradation
was from 32% to 68% (Table 2). We also found that the
improvement of platelet and GPT values still persisted
until 1 year after PSE. In addition, 3 of 4 (75%) ChildPugh grade B patients progressed to grade A after 2 mo
of PSE. It suggested that the PSE may improve the liver
function with a long-term efficiency. The PSE procedure
did not affect other blood parameters.
Regarding complications, there were fever in 10 (100%),
pain in 8 (80%) and ascites in 1 (10%) of patients. Ascites
occurred in high embolization group. The complication
rate in < 30% and in ≥ 30% groups were 50% and 100%,
respectively.

DISCUSSION
In 1973 Maddison [9] reported the first case of splenic

Lee CM et al . Partial splenic embolization on platelet values

ar ter y embolization. In 1979, Spig os [10] cured 14
hypersplenism cases using PSE. Since then, PSE has
become a major therapy clinically for hypersplenism. The
spleen represents one fourth of the total lymphatic mass,
serves as a biological filter for the clearance of bacteria
and also is essential for rapid antibody production after
challenge with blood-borne particulate antigens in the
absence of preexisting antibodies[11]. In addition, the spleen
appears to be the site of production of a nonspecific
leukophilic immunoglobin, tuftsin, that increases the
phagocytic activity of polymorphonuclear leucocytes.
Thus, it is apparent that the spleen has important and
critical functions and its removal is not to be taken
lightly[12]. Partial splenic embolization represents a potential
alternative method to splenectomy when ablation of the
splenic parenchyma is desired, particularly in compromised
patients, where splenectomy carries significant morbidity
and mortality rates. Partial splenic embolization has
been successfully used experimentally in the treatment
of thrombocytopenia or splenic trauma. Hematologic
changes after embolization have been observed, especially
in platelet values. T here have also been sporadic
reports[13,14] of successful splenic embolization in humans
with thrombocytopenia due to hypersplenism of portal
hypertension. Several studies[15,16] demonstrated that PSE
could not only improve the symptoms of hypersplenism
but also could reserve the spleen for immune function
maintenance.
A major finding in this study is the effectiveness
of PSE in improving platelet values and the extent of
embolization seems to be critical in the efficacy of PSE.
According to Bruno's study[17], embolization of 50% or
less of the splenic mass was almost invariably associated
with an elevation of platelet values. In another study[18],
the authors demonstrated that 65%-70% embolization
area is effectiveness in platelet values improvement in
liver cirrhosis patients with thrombocytopenia. In Kimuro's
study [19] , the platelet counts were improved from
5.6 × 103/μL to 36 × 103/μL in 80% embolization area
group and from 6.2 × 103/μL to 25 × 103/μL in 70%
embolization area group, which is significantly higher
than the former. According to the studies mentioned
above, it is suggested that the improved efficacy of PSE
on platelet values relates closely to embolization area.
In our study, we observed a marked variation of platelet
value between low and high embolization groups. We
assume that an embolization area equal to or higher than
30% is an effective embolization area for platelet values
improvement. Our result is not similar to previous studies.
We presume that the limited patient number results in
the fact that we cannot differentiate the age, basal platelet
values and Child-Pugh classification of patients. Compared
to the Bruno and Miyazaki’s large-scale studies, there are
more variabilities in our study. The various results probably
have multiple causes, but patient selection, with different
degrees of hepatic insufficiency, is probably of greatest
importance.
The complications after PSE include pneumonia,
ascites, bleeding, peritonitis, etc. In our study, there were
fever in 10 patients, pain in 8 (7 in high embolization
and 1 in low embolization) and ascites in 1 (in high
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embolization). The complication rate in < 30% and in
≥ 30% groups was 50% and 100%, respectively. In
Mukaiya's study [20], they divided all patients into three
groups: < 50%, 50%-70% and ≥ 70% according to
the embolization area. The complication rate was 28%,
56% and 95%, respectively. In another study [18] , the
authors also demonstrated that the complication rate
associated with the embolization area, which is similar to
our study. However, in Hong’s study[21], they conducted
linear regression analysis between complication rate and
embolization area and the correlation coefficient was 0.587.
Hong considered that embolization area will affect the
complication rate, however, it is not an absolute factor.
The relationship between these two parameters needs
further study.
Our results showed that the GPT values of these 10
patients after 2 wk of PSE decreased badly and the range
of degradation was from 32% to 68%. We also found
that the improvement in GPT values persisted until 1
year after PSE. As compared with GPT, GOT is not a
specific indicator for liver function. Generally speaking,
GOT and GPT values will increase when hepatitis occurs,
however, GOT also exists in erythrocytes, cardiac muscles
and skeletal muscles. Some extrahepatic diseases, such
as myocardial infarction, myocardial necrosis, hemolysis
and several muscle related diseases could result in GOT
increase. On the contrary, almost all GPT exists in the
liver, so that GPT is more specific than GOT for liver
function. This is the reason why PSE improved GPT
values markedly while there was no effect on GOT values.
In addition, 3 of 4 (75%) Child-Pugh grade B patients
progressed to grade A after 2 mo of PSE. We suppose
that the PSE may be able to improve the liver function,
with a long term efficiency. In Noguchi's study[22], 1 liver
cirrhosis patient with Child-Pugh grade C progressed to
grade B after 6 mo of PSE; 3 of 5 Child-Pugh grade B
patients progressed to grade A. In Vujic's study[23], they
found liver function improvement in 56 of 128 patients
(43.8%) who underwent PSE and their clinical expression
included albumin increase and prothrombin formation
time abridgement. According to Wang[24], the mechanism
by which PSE improves liver function may involve
immunologic mechanisms and hemodynamic changes.
Noguchi et al[22] reported that after PSE the changes in
the platelet count as compared with the preoperative
value negatively correlate with the change in the plateletassociated immunoglobulin G levels. That study suggested
that PSE improves the thrombocytopenia induced by
immunologic mechanisms in cirrhotic patients. As for
hemodynamic mechanisms, Barcena et al [25] reported
that PSE decreased blood flow in the splenic artery and
increased blood flow in the hepatic artery and superior
mesenteric artery. In addition, Kato et al[26] found that the
decrease in total portal blood flow and the relative increase
in the mesenteric blood flow after PSE may decrease liver
congestion, enhance the blood supply, and increase the
supply of cytokines derived from the digestive tract.
In conclusion, partial splenic embolization is an
effective method to improve platelet values in liver
cirrhosis patients with thrombocytopenia. We also find
that the ≥ 30% embolization area is meaningful for
www.wjgnet.com
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platelet values improvement. The relationship between
complication rate and embolization area needs further
studies.

COMMENTS
Background

The spleen is known to be involved in thrombocytopenia associated with liver
cirrhosis. Thrombocytopenia in patients with liver cirrhosis has been reported to
be caused by an increased platelet pool in the enlarged spleen, impaired platelet
production in the bone marrow, a decreased platelet function, and abnormalities
in the platelets membranes. Partial embolization of the spleen vessels has been
used to treat hypersplenism of thrombocytopenia in liver cirrhosis patients. Studies
suggested that PSE might be a safe and effective alternative to splenectomy in the
treatment of thrombocytopenia.

Innovations and breakthroughs

The focus of most previous studies is to evaluate the effectiveness of partial
splenic embolization on blood parameters (especially platelets values). The
breakthrough of our article is that we found out the efficient embolization area for
platelet value improvement, and this provides a meaningful reference for clinic
physicians in their therapy.
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Applications

Clinical physicians should adopt the minimal partial splenic embolization area,
which could improve the platelet value for treatment of the liver cirrhosis patients
with thrombocytopenia. The major advantage is fewer complications after
embolization. The ≥ 30% efficient embolization area shown in our article is
multivariate depending on the techniques and patient status; however, we provide
another meaningful cerebration for clinical treatment.
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Terminology
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PSE: Partial splenic embolization.

Peer review

This article evaluated the effect of the degree of partial splenic embolisation on
platelet values in cirrhotic patients with hypersplenism. The data suggest that
at least 30% of the spleen area must be embolisation area in order to increase
platelet counts sufficiently.
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Caspase-1 inhibitors ameliorated the severity of ALI in SAP.
CONCLUSION: Caspase-1 activation, and overproduction
of IL-1β and IL-18 play an important role in the course
of ALI, and Caspase-1 inhibition is effective for the
treatment of ALI in experimental SAP.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To assess the therapeutic effect of Caspase-1
i n h i b i t o r s ( I C E -I ) o n a c u t e l u n g i n j u r y ( A L I ) i n
experimental severe acute pancreatitis (SAP).
METHODS: Forty-two SD rats were randomly divided
into 3 groups: healthy controls (HC, n = 6); SAP-S group
(n = 18); SAP-ICE-I group (n = 18). SAP was induced
by retrograde infusion of 5% sodium taurocholate into
the bile-pancreatic duct. HC rats underwent the same
surgical procedures and duct cannulation without sodium
taurocholate infusion. In SAP-S group, rats received the
first intraperitoneal injection of isotonic saline 2 h after
induction of acute pancreatitis and a repeated injection
after 12 h. In SAP-ICE-I group, the rats were firstly
given ICE inhibitors intraperitoneally 2 h after induction
of pancreatitis. As in SAP-S group, the injection was
repeated at 12 h. Serum IL-1β was measured by ELISA.
Intrapulmonary expression of Caspase-1, IL-1β and IL-18
mRNA were detected by semi-quantitative RT-PCR. The
wet/dry weight ratios and histopathological changes of
the lungs were also evaluated.
RESULTS: Serum IL-1β levels in SAP-S group were
276.77 ± 44.92 pg/mL at 6 h, 308.99 ± 34.95 pg/mL
at 12 h, and 311.60 ± 46.51 pg/mL at 18 h, which
were increased significantly (P < 0.01, vs HC). In SAPICE-I group, those values were decreased significantly
(P < 0.01, vs SAP-S). Intrapulmonary expression of
Caspase-1, IL-1β and IL-18 mRNA were observed in the
HC group, while they were increased significantly in the
SAP-S group (P < 0.01, vs HC). The expression of IL-1β
and IL-18 mRNA were decreased significantly in the SAPICE-I group (P < 0.01, vs SAP-S), whereas Caspase-1
mRNA expression had no significant difference (P > 0.05).
The wet/dry weight ratios of the lungs in the SAP-S
group were increased significantly (P < 0.05 at 6 h, P <
0.01 at 12 h and 18 h, vs HC) and they were decreased
significantly in the SAP-ICE-I group (P < 0.05, vs SAP-S).
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effects of Caspase-1 inhibitors on acute lung injury
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INTRODUCTION
Patients with severe acute pancreatitis (SAP) is often
complicated with acute lung injury (ALI), which is difficult
to deal with clinically. IL-1 β and TNF- α are currently
believed to play an important role in promoting local tissue
destruction and remote organ failure in the course of
SAP[1,2]. IL-18 is a novel proinflammatory cytokine, sharing
striking structural and functional similarities to IL-1 β.
Caspase-1, also termed IL-1β-converting-enzyme (ICE),
is the first member of the family of cysteine proteases
called Caspases, with the functions of proteolytic cleavage
of IL-1β and IL-18 precursors into their active forms.
Suppression of IL-1β and IL-18 by inhibiting the function
of ICE, subsequently alleviating cascade reactions, may
have a therapeutic significance for SAP and systemic
inflammatory response syndrome (SIRS).
In this study, an experimental model of SAP was
induced in SD rats. Serum IL-1β levels, intrapulmonary
expression of Caspase-1, IL-1β and IL-18 mRNA were
measured respectively, and the wet/dry weight ratios and
histopathological alterations in the lungs were observed
to assess the therapeutic effect of Caspase-1 inhibitors on
ALI in SAP.

MATERIALS AND METHODS
Experimental animal models and grouping
Healthy adult male Sprague-Dawley rats weighing 230-250
www.wjgnet.com
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g were provided by the Experimental Animal Center
of Jingling Hospital in Nanjing. All forty-two rats were
randomly divided into 3 groups: healthy controls (HC, n =
6); SAP-S group (n = 18); SAP-ICE-I group (n = 18). The
latter two groups were further divided into 6, 12, and 18 h
time points, and each contained 6 rats. SAP was induced
by retrograde infusion of 5% sodium taurocholate into
the bile-pancreatic duct in SD rats[3-7]. HC rats underwent
the same surgical procedures and duct cannulation without
sodium taurocholate infusion. In the SAP-S group, the rats
received the first intraperitoneal injection of isotonic saline
2 h after induction of acute pancreatitis and a second
injection after 12 h. In the SAP-ICE-I group, the rats were
firstly given 0.25 mg of an ICE inhibitor (Ac-Tyr-Val-AlaAsp-2,6-dimethylbenzoyloxymethylketone) dissolved in 1
mL sterile phosphate-buffered saline intraperitoneally 2 h
after induction of pancreatitis. As in the SAP-S group, this
was repeated at 12 h. Surviving rats were killed at certain
time points, and all samples were obtained for subsequent
analysis.
Measurement of serum IL-1β levels
Serum IL-1β levels were measured using a commercial
enzyme-linked immunosorbent assay (ELISA) according
to the manufacturer’s instructions (B&C Co.). All samples
were tested in duplicate and expressed as the means.
RT-PCR examination of intrapulmonary Caspase-1, IL-1β
and IL-18 mRNA
Reagents and primers: TRIZOL Reagent was purchased
from Gibco BRL Life Technologies. One Step RNA PCR
kit (AMV) was purchased from TaKaRa Biotechnology
(Dalian) Co., Ltd. The sequences of IL-1 β , IL-18
and β -actin primers (designed by Primer 3 software,
synthesized by Sangon Biotechnology Co. Shanghai) were
as follows: upstream and downstream primers, respectively:
5′-AAG GTC CTG AGG GCA AAG AG-3′ and 5′-GTG
TTG CAG ATA ATG AGG GC-3′ for Caspase-1 (500
bp of amplification products); 5′-AGA AGC TGT GGC
AGC TAC CT-3′ and 5′-TTG GGA TCC ACA CTC TCC
AG-3′ for IL-1β (400 bp of amplification products); 5′
-GCT GCA ATA CCA GAA GAA GG-3′ and 5′-AGA
TAG GGT CAC AGC CAG TC-3′ for IL-18 (300 bp of
amplification products); 5′-AGG GTG TGA TGG TGG
GTA TG-3′ and 5′-CAT AGC TCT TCT CCA GGG
AG-3′ for β-actin (600 bp of amplification products).
Total lung RNA extraction: Total RNA was extracted
from the lung tissue by TRIZOL Reagent according to
the manufacturer’s protocol. One hundred mg of lung
tissue was homogenized in 1 mL of TRIZOL Reagent.
Following homogenization, insoluble material was
removed from the homogenate by centrifugation at 12 000
r/min for 10 min at 4℃ and the homogenized tissue was
incubated for 5 min at a room temperature. Then 0.2
mL of chloroform was then added. The tube was shaken
vigorously for 15 s and incubated at room temperature
for 3 min. The sample was centrifuged at 12 000 r/min
for 15 min at 4℃ and the upper aqueous phase was
transferred to another tube. After that 0.5 mL of isopropyl
alcohol was added. The sample was incubated at room
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temperature for 10 min and centrifuged at 12 000 r/min
for 10 min at 4℃. The supernatant was discarded and the
RNA pellets were washed with 1 mL of 75% ethanol. The
samples were mixed by vortexing and centrifuged at 7000
r/min for 5 min at 4℃. At the end of the procedure, the
RNA pellet was air-dried for 10 min, dissolved in 50 μL
of DEPC water, and stored at -80℃. The A260/280 ratio
was measured with an ultraviolet spectrophotometer and
the RNA content was calculated (1A260 = 40 μg/mL).
RT-PCR was carried out using the One Step method.
The total RT-PCR volume of each Eppendorf tube was 50
μL, including 5 μL of 10 × One Step RNA PCR buffer,
10 μL of MgCl2 (25 mol/L), 5 μL of dNTPs (10 mol/L),
1 μL of RNase inhibitor (40 U/μL), 1 μL of AMV RTase
XL (5 U/μL), 1 μL of AMV-Optimized Taq (5 U/μL),
1 μL of upstream specific primer, 1 μL of downstream
specific primer, 1 μ L of experimental sample(≤ 1 μ g
total RNA), 24 μ L of RNase Free dH 2 O. Each RTPCR conditions were as follows: 30 min at 50℃ for RT
reactions, 2 min at 94℃ for RTase inactivation, 30 s at
94℃, 30 s at 51℃, 90 s at 72℃ for 30 cycles (Caspase-1);
30 s at 94℃, 30 s at 53ºC, and 90 s at 72℃ for 30 cycles
(IL-1β); 30 s at 94℃, 30 s at 55ºC, and 90 s at 72℃ for
30 cycles(IL-18); 30 s at 94℃, 30 s at 55℃, and 90 s at
72℃ for 35 cycles (β-actin). RT-PCR was terminated with
an elongation step at 72℃ for 5 min, and PCR products
were stored at 4℃. Five μL of the reaction products was
visualized by electrophoresis in 2% agarose gels containing
ethidium bromide. Ultraviolet illumination was used to
visualize the DNA bands, and the gels were photographed
digitally. Band intensity was determined by optical density
with individual PCR product/β-actin cDNA ratios.
W/D ratio of the lung tissue
To assess tissue edema, the right lung was removed after
the experiment, then weighed and dried in a 80℃ oven for
72 h until the weight was constant, and the ratio of wet
weight to dry weight (W/D ratio) was then obtained.
Histologic examination
According to routine procedures, paraffin sections of the
lung tissue samples were prepared by HE staining, and
histologic alterations of lung tissue were observed by light
microscopy.
Statistical analysis
All values were presented as mean ± SD. Statistical
analysis was performed using SPSS 11.0 statistical software
applying One-Way ANOVA. A value of P < 0.05 was
regarded as statistically significant.

RESULTS
Serum IL-1β levels
In the SAP-S group and the SAP-ICE-I group, the serum
IL-1β levels at all time points were significantly higher than
those of HC (P < 0.01), whereas serum IL-1β levels were
significantly decreased in the SAP-ICE-I group (P < 0.01)
in comparison with the SAP-S group (Table 1).
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Table 1 Serum IL-1β levels and W/D ratios of the lungs in rats
with SAP (mean ± SD)
Group

n

IL-1β (pg/mL)

HC
SAP-S
6h
12 h
18 h
SAP-ICE-I
6h
12 h
18 h

6

90.13 ± 21.13

4.32 ± 0.33

6
6
5

276.77 ± 44.92b
308.99 ± 34.95b
311.60 ± 46.51b

4.85 ± 0.38a
4.97 ± 0.47b
5.03 ± 0.46b

6
6
6

151.42 ± 27.26b,d
152.47 ± 29.60b,d
175.45 ± 29.72b,d

4.38 ± 0.36c
4.48 ± 0.37c
4.51 ± 0.36c

P < 0.05, bP < 0.01 vs HC group; cP < 0.05, dP < 0.01 vs SAP-S group.

A

1 2 3 4 5 6 7 8

Table 2 Intrapulmonary expression of Caspase-1, IL-1β and
IL-18 mRNA in rats with SAP (mean ± SD)

W/D ratio of lung (g/g)

a

bp

1500
1000
800
β-actin (600 bp)

500

ICE (500 bp)

400
300

625

Group

n

IL-1β mRNA

IL-18 mRNA

HC
SAP-S
6h
12 h
18 h
SAP-ICE-I
6h
12 h
18 h

6

0.57 ± 0.06

0.42 ± 0.03

0.55 ± 0.05

6
6
5

0.71 ± 0.04b
0.71 ± 0.05b
0.72 ± 0.04b

0.75 ± 0.05b
0.81 ± 0.06b
0.79 ± 0.07b

0.82 ± 0.05b
0.83 ± 0.06b
0.82 ± 0.07b

6
6
6

0.72 ± 0.05b
0.72 ± 0.06b
0.69 ± 0.08b

0.52 ± 0.05b,d
0.50 ± 0.04b,d
0.49 ± 0.04a,d

0.58 ± 0.06d
0.55 ± 0.04d
0.57 ± 0.04d

Caspase-1 mRNA

a

P < 0.05, bP < 0.01 vs HC group; cP < 0.05, dP < 0.01 vs SAP-S group.

B

1 2 3 4 5 6 7 8

C

1 2 3 4 5 6 7 8

β-actin (600 bp)

β-actin (600 bp)

IL-18 (300 bp)
IL-1β (400 bp)

200

Caspase-1 mRNA

IL-1β mRNA

IL-18 mRNA

Figure 1 Intrapulmonary expression of Caspase-1, IL-1β and IL-18 mRNA in rats with SAP. Lane 1: HC; lanes 2-4: 6-18 h in SAP-S; lanes 5-7: 6-18 h in SAP-ICE-I; lane 8: Marker.

Intrapulmonary expression of Caspase-1, IL-1β and IL-18
mRNA
Intrapulmonary expression of Caspase-1, IL-1 β and
IL-18 mRNA were observed in the HC group, which
were increased significantly in the SAP-S group (P < 0.01
vs HC). The expression of IL-1β and IL-18 mRNA were
significantly decreased with ICE inhibition (P < 0.01),
whereas Caspase-1 mRNA expression had no significant
difference (P > 0.05) (Table 2, Figure 1 A-C).
W/D ratio of the lung tissue
In the SAP-S g roup, W/D ratios were increased
significantly (P < 0.05 at 6 h, P < 0.01 at 12 h and 18 h, vs
HC), and those were significantly attenuated with ICE
inhibition (P < 0.01) (Table 1).
Pathologic alterations in lung tissue
Obser ved under a light microscope, the pulmonary
structures of the HC group were basically normal. However,
characteristics of typical lung injury could be seen in the
SAP-S group, represented by marked congestion, edema
and masses of inflammatory cell infiltration in pulmonary
interstitium and aveoli, thickened alveolar septum,
which became progressively severe after SAP induction.
Compared with the SAP-S group, such pathologic changes
were much less in the SAP-ICE-I group.

DISCUSSION
SAP is often complicated with multiple systemic organ
failure (MSOF), which is the major cause of death in SAP.
In extra-pancreatic organs, ALI is most prominent. About
20% of cases with SAP may develop adult respiratory
distress syndrome (ARDS). One third of the patients die
during the early stages of SAP, a half of which die as a
result of ARDS[8,9]. At present, the role of cytokines in
the pathogenesis of SAP has become a hot issue in the
research field. Of the numerous cytokines, IL-1 β and
TNF-α have been confirmed to play an important role
in the development of systemic complications of SAP.
However, their roles in mediating ALI during SAP are not
completely understood.
Caspase-1/ICE is one member of the family of
cysteine proteases called Caspases. One of the major
functions of ICE is the proteolytic cleavage of the 31 000
molecular weight IL-1 β precursor into its biologically
active 17 000 form. IL-1β is an inflammatory cytokine
produced by activated lymphocytes and monocytes. IL1β and TNF-α are primary inducers of IL-6 and IL-8
production, and are known to cause fever, hypoperfusion,
circulatory collapse, shock, metabolic acidosis, cardiac
dysfunction, and the occurrence of ARDS. Norman et al[10]
showed that no IL-1β mRNA expression was found in
the lungs of healthy mice, and that intrapulmonary IL-1β
mRNA and protein expression were increased after SAP
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induction. Paszkowski et al[11] demonstrated that IL-1β
mRNA expression could be found in the lungs of healthy
rats, and that intrapulmonary IL-1β mRNA expression was
upregulated in SAP, in proportion to the severity of ALI,
suggesting the existence of a significant correlation between
overproduction of IL-1β in the lungs and ALI in SAP.
Ac-Tyr-Val-Ala-Asp-2,6-dimethylbenzoyloxymethylketone
used in this study is a highly competitive and irreversible
inhibitor of ICE. It inactivates the enzyme and is relatively
inert toward other bionucleophiles such as glutathione.
Previous studies showed changes in serum amylase and
pancreas in SAP [12,13]. In this study, the ICE inhibitor
was injected into rats intraperitoneally 2 h after SAP was
induced by retrograde infusion of 5% sodium taurocholate
into the bili-pancreatic duct. A remarkable elevation of
serum IL-1β levels, an upregulation of intrapulmonary
Caspase-1 and IL-1 β mRNA expression, an increased
W/D ratio of the lung and obvious pathological
changes after induction of SAP were observed; serum
and intrapulmonary IL-1 β expression were decreased
significantly, with an improvement of pathological changes
in rats treated with ICE inhibitors. These suggest that
the therapeutic effects of ICE inhibitors on ALI in SAP
may be associated with a reduced IL-1β-mediated injury.
Besides generating large numbers of active IL-1β, ICE
is also known to process the inactive precursor of IL-18
into its bioactive forms[14-17]. IL-18, formerly called IFN-γinducing factor, is a novel proinflammatory cytokine with
an 18 000 molecular weight, sharing striking structural and
functional similarities to IL-1β. In addition, the biological
activity of IL-18 is closely related to that of IL-1β: IL-18
induces the gene expression and synthesis of IL-1, TNF,
and several chemokines by means of a putative IL-18
receptor complex. Also, IL-18 plays an important role in
the Th-1 response to the stimulation of virul antigens,
primarily because of its ability to induce IFN-γ production
in T cells and NK cells. Rau et al[18] reported that local
and systemic IL-18 concentrations are significantly
elevated in patients with AP, and that ser um IL-18
concentrations closely correlate with the development
of pancreatic necrosis and remote organ failure. In the
current study, intrapulmonary IL-18 mRNA expression
was measured by RT-PCR. Marked upregulation of IL-18
mRNA was observed in the lungs after induction of SAP,
and intrapulmonary IL-18 expression was significantly
decreased in rats treated with ICE inhibitors. In addition,
it is well established that IL-1 β , IL-18, and TNF- α
share a close interrelationship by inducing the synthesis
of each other [14,19,20]. Paszkowski et al [11] indicated that
intrapulmonary TNF-α mRNA expression was uniformly
downregulated in rats receiving the treatment of ICE
inhibitors, suggesting that the therapeutic effects of ICE
inhibitors on ALI in SAP may correlate with a decrease
in TNF-α-mediated injury. Considering that the synthesis
of IL-1β, IL-18, and TNF-α could be induced by each
other, plus the alterations in W/D ratios of the lungs and
histopathologic changes in SAP, we speculate that as with
TNF-α and IL-1β, overproduction of IL-18 in the lungs
plays an important role in the course of SAP complicated
with ALI, and that therapeutic effects of ICE inhibitors
on ALI in SAP may be associated with the inhibition of
www.wjgnet.com
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IL-18.
In summar y, activation of Caspase-1/ICE, and
overproduction of IL-1β and IL-18 in the lungs play an
important role during the course of ALI and ARDS in
SAP, and ICE inhibitors are effective against ALI in SAP.
The mechanisms for ICE inhibition may be associated
with decreased cytokine-mediated injury, such as IL-1β,
IL-18 and TNF-α. Therefore, studies of the mechanism
for ALI in SAP may shed new light on understanding of
SIRS and MSOF, as well as the prevention and treatment
for SAP.
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Abstract
AIM: To analyze the outcome of patients with severe
drug-induced liver disease (DILD) associated with
jaundice classified as hepatocellular, cholestatic or mixed
liver injury and to evaluate the validity of Hy’s rule and
the most important predictors for outcome.
METHODS: The Adverse Drug Reaction Advisory
Committee was set up in 1997 in our hospital to
identify all suspicions of DILD following a structured
prospective report form. Liver damage was divided into
hepatocellular, cholestatic, and mixed types according to
laboratory and histologic criteria when available. Further
evaluation of causality assessment was performed.
RESULTS: From January 1997 to December 2004, 265
patients were diagnosed with DILD，and 140 (52.8%)
of them were female. hepatocellular damage was the
most common (72.1%), the incidence of death was
9.9% in patients with hepatocellular damage and 9.5%
in patients with cholestatic/mixed damage (P < 0.05).
There was no difference in age of dead and recovered
patients. The proportion of females and males was
similar in recovered and dead patients, no difference
was observed in duration of treatment between the two
groups. The serum total bilirubin (P < 0.001), direct
bilirubin (P < 0.001) and aspartate transaminase (AST)
(P = 0.013) values were higher in dead patients than
in recovered patients. Chinese herbal medicine was the
most frequently prescribed, accounting for 24.2% of the
whole series. However, antitubercular drugs (3.4%) were
found to be the primary etiological factor for fetal DILD.
Factors associated with the development of fulminant

www.wjgnet.com

hepatic failure were hepatic encephalopathy (OR =
43.66, 95% CI = 8.47-224.95, P < 0.0001), ascite (OR
= 28.48, 95% CI = 9.26-87.58, P < 0.0001), jaundice
(OR = 11.43, 95% CI = 1.52-85.96, P = 0.003), alcohol
abuse (OR = 3.83, 95% CI = 1.26-11.67, P = 0.035)
and direct bilirubin (OR = 1.93, 95% CI = 1.25-2.58, P
= 0.012).
CONCLUSION: Death occurs in 9.8% of patients with
DILD. Chinese herbal medicine stands out as the most
common drug for DILD. While antitubercular drugs are
found to be the primary etiological factor for fetal DILD,
hepatic encephalopathy, ascites, jaundice, alcohol abuse
and direct bilirubin levels are associated with the death
of DILD patients.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Drug-induced liver disease (DILD) is an adverse drug
reaction-induced disease. Almost all drugs can elevate liver
enzyme level and cause DILD. However, the majority of
drugs exhibit low incidences of hepatic adverse reactions.
Therefore, DILD is mostly identified only after broad
clinical drug application (phase Ⅳ). Well-established
causes of DILD include non-steroidal anti-inflammatory
drugs (NSAIDs), antibiotics, antiepileptics, statins,
tuberculostatics and herbal medicines[1,2].
High serum aminotransferase (hepatocellular injury)
and jaundice levels induced by different drugs have been
reported to result in a mortality of 10%-50%[3-5]. These
observations have been named “Hy’s rule” after Hyman
Zimmerman, who first described them. The rule states
that if both drug-induced hepatocellular injury and
jaundice occur simultaneously without biliary obstruction,
a mortality of at least 10% can be expected[3,5,6]. Hy’s rule
defined as DILD with serum alanine aminotransferase
(ALT) levels 3 or more times the upper limit of normal

Li B et al . Evaluation of prognostic markers in severe DILD

(ULN) + serum bilirubin levels 2 or more times the ULN
level, has been advocated by the US Food and Drug
Administration for use in the assessment of hepatotoxicity
of newly developed drugs[5,7]. However, this rule has never
been scientifically validated. The sensitivity and specificity
of clinical jaundice for the outcome in patients with druginduced hepatocellular (HC) injury are unknown. The
most important predictors of outcome in DILD with
HC injury have not been analyzed in a large number of
patients. Furthermore, information about the prognosis
in other forms of DILD (e.g., DILD with cholestatic or
mixed damage) is limited.
In our hospital, a systematic monitoring system for
DILD has been in use since 1997, with regular causality
assessment offering the opportunity to evaluate a large
number of patients with DILD. The aim of this study
was to analyze the outcome of patients with severe DILD
associated with jaundice classified as HC, cholestatic (CS),
or mixed liver injury and to evaluate the validity of Hy’s
rule and the most important predictors for outcome.

MATERIALS AND METHODS
All reports of suspected drug-induced liver injury received
by the Adverse Drug Reaction Advisory Committee
(ADRAC) in our hospital between 1997 and 2004 have
been computerized and are available for legally acceptable
users with a password online. Our analysis was restricted
to patients with serum bilirubin levels two-fold higher
than the ULN level. Furthermore, in patients with HC
injury, our analysis was restricted to those patients with
ALT levels 3 or more times the ULN level as well as serum
bilirubin levels 2 or more times the ULN level.
A total of 301 re por ts fulfilling these criteria
were evaluated using international consensus criteria
[RousselUclaf causality assessment method (RUCAM)][8,9]
to assess the probability of a causal relationship between
drug exposure and liver disease. Causality assessment was
performed based on information about the onset time
of reaction of the drug, the development of liver tests
after cessation of the drug, the presence of risk factors,
and known hepatotoxicity of the suspected drug and
concomitant drug or drugs[8]. Furthermore, investigations
were performed to exclude non-drug causes for the
reaction. Thus, abnormal liver tests shortly after the use
of a new drug, rapid decline of abnormal liver test values
after stopping the drug, and exclusion of other causes
gave high scores compatible with the drug as a possible,
probable, or highly probable cause of the reaction[8]. If
the report did not receive a high enough score to consider
a causal relationship with the suspected drug, the reaction
did not likely occur in accordance with the criteria or the
relationship was excluded. Each author scored approximately
one fifth of the cases. We all performed assessment of
100 cases independently and found very low intraobserver
variability with no disagreement in the assessment of cases.
Because many patients had been exposed to several
drugs at the time when liver injury occurred, it is not
always possible to deduce which drug is most likely
responsible for it. In such cases, the reaction was judged to
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bepotentially caused by more than one drug. On the other
hand, if there was a close temporal relationship between
the liver injury and treatment of patients with only one
of many drugs, which was then considered to be the
suspected drug.
The computerized reports include all relevant facts
from medical records and the results of laboratory
investigations. The following information was collected
from the reports: duration of exposure, drug(s) suspected
to be responsible, age and sex of the patients, duration of
treatment, type of liver injury, results of AST and ALT
as well as alkaline phosphatase (ALP) and bilirubin tests,
nondrug causes, and outcome of the patients (recovery,
death or liver transplantation).
The type of liver damage was classified according to
the International Consensus Meeting criteria[8,9], using ALT
and alkaline phosphatase activity, expressed as a multiple
of the upper limit of normality, to determine the ratio (R)
of ALT/AP. The type of liver damage was hepatocellular
when R > 5, cholestatic when R < 2, and mixed when R > 2
but < 5. The liver tests used for the classification of liver
damage were the first blood test available after liver injury.
Statistical analysis
For descriptive purposes, Fisher’s exact test was used to
test differences in dichotomous variables between groups.
Mann-Whitney test was used for continuous variables.
Stepwise logistic regression was performed for multivariate
purposes to predict death. All tests were two-tailed and
conducted at a 5% significance level.

RESULTS
During 1997-2004, ADRAC received 301 reports of
suspected DILD. Of which 265 reports of DILD fulfilled
the RUCAM criteria for at least a possible relationship.
According to the RUCAM criteria, 22 reports (8.3%) had a
possible relationship, 183 (69.1%) a probable relationship,
and 60 (22.6%) a highly probable relationship. These
265 reports with a possible/probable/highly probable
relationship to drug(s) included 191 with HC injury, 51
with CS injury, and 23 with mixed liver injury (Table
1).Table 1 shows the age and sex, duration of treatment,
and peak liver test values in patients with different types of
DILD.
There were no differences in the age of patients
with HC or CS or mixed injury (P = 0.127). A higher
proportion of females were observed in all different
subgroups, in which females accounted for 53%. The total
protein was different both in patients with HC and CS
injury (P = 0.003) and in those with CS and mixed injury
(P = 0.041).The difference in albumin between patients
with HC and CS injury was significant (P < 0.001). Total
and direct bilirubin levels were higher in patients with CS
injury than in those with HC injury (P = 0.043 and P <
0.001 respectively) and mixed injury (P < 0.001 and P = 0.01
respectively). Obviously, the ALT, AST and ALP values
were different in patients with mixed injury or with HC or
CS injury.
Twenty-six (9.8%) of the 265 patients died of liver
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Table 1 A age and sex, duration of treatment, and peak liver
test values in patients with different types of DILD
Total
Number
Age (x ± s)
Sex (F/M)
Duration of
treatment (d)
Total bilirubin
(μmol/L)
Direct bilirubin
(μmol/L)
Total protein (g/L)
Albumin (g/L)
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)

Hepatocelluar Cholestatic

265
48.6 ± 13.7
140/125
25.9
(1-121)
95.7
(7-701)
49.4
(2-461)
66.9 ± 9.4
38.1 ± 7.3
351.5
(13-2652)
230.1
(18-1925)
141.8
(51-1165)
200.7
(16-3102)

191
47.8 ± 13.8
100/91
24.6
(1-120)
67.5
(7-701)
31.8
(2-338)
67.7 ± 9.6
39.1 ± 6.9
313.8
(20-2652)
282.9
(19-1925)
69.6
(51-370)
112.9
(17-788)

51
52.1 ± 13.0
27/24
31.4
(8-121)
236
(11-615)
126.8
(3-461)
63.3 ± 8.8
34.9 ± 8.3
123.4
(13-1079)
111.8
(18-1165)
117.8
(70-1165)
254
(16-3102)
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The laboratory parameters are all peak values before treatment.

Hepatocellular injury
Number
Age
Sex, F/M (%)
Duration of
treatment
Total
bilirubin
ALT
AST
ALP

Recovered

Died

Recovered

19
51.3 ± 13.4
11/8
30.8
(1-79)
330.5
(38-695)
488.5
(106-2652)
392.3
(99-170)
133.7
(51-370)

172
47.5 ± 13.9
89/83
23.8
(1-120)
67.6
(7-701)b
414.5
(20-1906)
270.8
(19-1925)a
130.1
(51-266)

7
54.0 ± 15.7
2/5
22
(13-40)
169.6
(50-630)
230.5
(78-692)
265.5
(52-1272)
268
(70-561)

67
50.3 ± 13.2
38/29
30
(1-121)
83.8
(11-615)b
192.5
(13-1600)
143.0
(18-1553)
310.1
(72-1165)

The laboratory parameters are all peak values. Results are expressed as mean
± SD or medians. aP < 0.05, bP < 0.001 vs the control group.

Table 4 Factors associated with death of the patients with DILD

Table 2 Comparison between died and recovered patients with
DILD
Died
52 ± 13.8
13/13
29 (1-79)
333.3 (38-695)
218.2 (11.5-330)
351 (78-1906)
339 (52-1700)
139.1 (51-561)
124.8 (44-1483)

Recoverd
48 ± 13.7
127/112
25.7 (1-121)
82.7 (7-701)
44.0 (2-461)
341.8 (13-2652)
213.8 (18-1925)
144.4 (51-1165)
203.8 (16-3102)

P
0.187
NS
NS
< 0.001
< 0.001
0.293
0.013
0.805
0.193

The laboratory parameters are all peak values. Results are expressed as mean
± SD or medians.

failure (Table 2).The following drugs were associated with
death: antitubercular drugs (n = 9), medicinal herbs (n = 5),
immunodepressants (n = 2), antimycotic drugs (n = 2),
antiinfection drugs (n = 1), nonsteroidal anti-inflammatory
drugs (n = 1), antidepressant drugs (n = 1), antithyroid
drugs (n = 1), antigout preparation (n = 1), and other
drugs (n = 3). There were no differences in age of the
dead and recovered patients. The proportion of females
and males was similar in recovered and dead patients,
and no difference was observed in duration of treatment
between them.
The levels of serum total bilirubin, direct bilirubin
and AST were higher in dead patients than in recovered
patients, whereas the levels of ALT, ALP and GGT were
similar in the two groups.
A comparison between the dead and recovered
patients in the HC group revealed no differences in age,
sex, duration of treatment, ALT or ALP (Table 3). Total
bilirubin and AST levels were higher in deceased patients
with HC injury than in those with CS/mixed injury, while
total bilirubin levels were significantly higher only in
www.wjgnet.com

Cholestatic/mixed injury

Died

Independent variables

Age
Sex (F/M)
Duration of treanment (d)
Total bilirubin
Direct bilirubin
ALT
AST
ALP
GGT

Number 4

Table 3 Comparison between died and recovered patients with
hepatocellular injury or with cholestatic/mixed liver injury

Mixed
23
47.3 ± 14.0
13/10
21.7
(1-47)
105.5
(14-630)
47.5
(3.3-281)
68.1 ± 8.0
36.4 ± 6.2
557
(92-1600)
393
(48-1553)
318.8
(147-801)
241
(87-969)

Volume 13

HE
Ascite
Jaundice
Alcohol abuse
Direct bilirubin

Coefficient
2.232
2.883
1.124
1.511
-0.007

OR (95% CI)
43.66 (8.47-224.95)
28.48 (9.26-87.58)
11.43 (1.52-85.96)
3.83 (1.26-11.67)
1.93 (1.25-2.58)

P
< 0.001
< 0.001
0.003
0.035
0.012

CI = confidence interval; OR = odds ratio, HE = hepatic encephalopathy,
Constant = -15.37.

deceased patients (Table 3).
Logistic regression analysis showed that hepatic
encephalopathy (P < 0.001), ascite (P < 0.001), jaundice
(P = 0.003), alcohol abuse (P = 0.035) and direct bilirubin
(P = 0.012) could independently predict death (Table 4).
The drugs associated with DILD are listed in Table
5. The largest number of reports on drug-induced fatal
HC injury was related to antitubercular drugs (because
only 2 DILDs were associated with antigout drug, we did
not calculate the mortality induced by this drug). In this
group, 7 out of the 20 patients died (35%).The second
most commonly reported drug type associated with
mortality was antifungal agents (33.3%). The mortality
ranging from 35% of antitubercular drugs to 0% in
reports is related to many other drugs. As in CS/mixed
injury, the highest number of reports of death is related
to immunosuppressive agent (28.6%). The mortality
ranges from 0% with most of the drugs to 28.6%. Overall,
antitubercular drugs (32.1%) are the primary etiological
factor for fetal DILD.

DISCUSSION
Drug-induced hepatotoxicity remains a challenge to
modern hepatology. Hepatotoxicity is typically detected
when several thousands of patients are exposed to drugs,
and regulatory authorities are often compelled to make
dicisions based on scanty, fragmentary, and incomplete
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Table 5 Patients with hepatocellular, cholestatic or mixed liver injury and their death due to different drugs
Hepatocellular
Antituberculous drugs
Immunodepressant
Antineoplastic agent
Antibiotics
Chinese herbal medicine
Antipyretic analgesic
Antidepressant drug
Cardiovascular drugs
Sedative hypnotics
Drugs for peptic ulcer
Antithyroid drugs
Antifungal agent
Hypoglycemic agent
Drugs for prostate
Antigout drug
Others

20
26
8
17
51
8
5
10
1
1
12
6
5
1
2
18

Death
7
0
0
1
5
1
0
0
0
0
0
2
0
0
1
2

Cholestatic/mixed

Death

Total study group

Death

2
2
0
0
0
0
1
0
0
0
1
0
0
0
0
1

28
33
14
25
64
10
10
11
1
1
23
8
7
1
2
27

9
2
0
4
5
1
1
0
0
0
1
2
0
0
1
3

8
7
6
8
13
2
5
1
0
0
11
2
2
0
0
9

epidemiologic data. In addition, a major challenge is the
ability to identify predisposed subjects before they receive
drugs. The susceptibility of individuals to genetic and
environmental factors is still poorly understood. In this
study, we analyzed cases of toxic liver injury prospectively
collected from our hospital during the past 8 years.
Hyman Zimmerman, the pioneer in the field of DILD,
observed that combined HC injury (high aminotransferase)
and jaundice induced by a drug is associated with the poor
prognosis of patients, with a fatality rate of 10%-50% for
different drugs involved (Hy’s rule)[3-6]. It was reported that
a new drug should be stopped in patients if their AST and
ALT levels are 3-fold higher than ULN level, and bilirubin
levels are 2-fold higher than ULN level[7]. Concomitant
jaundice and hepatocellular injury observed in clinical trials
of new drugs are considered to cause serious troubles
concerning safety in the postmarketing phase, when a
much larger number of patients are exposed to drugs[5].
Our analysis is unique because it was performed in
a large cohort of patients with severe DILD, giving the
opportunity to elucidate the most important predictors
for outcome. Adverse drug reactions are significantly
underreported. The true incidence of hepatic adverse drug
reactions has been recently observed. However, a recent
prospective survey of drug-induced liver injury in the
general population in France suggests that at most, only 1
out of 16 cases of DILD in France is actually reported[10].
Heptatotoxicity was found in a higher proportion of
females (53%) in our study, which is consistent with the
reported epidemiologic data[10,11]. No difference was found
in age of the deceased and recovered patients in our study.
A recent study from Japan reported that there is also no
difference in age of decreased and recovered patients
with DILD [12]. The levels of serum total bilirubin and
AST were higher in deceased patients than in recovered
patients, whereas ALT, ALP and GGT levels were similar
in the two groups in the current study, suggesting that
hepatic encephalopathy, ascites, jaundice, alcohol abuse
and direct bilirubin increase the risk of death in patients
with DILD.
We found that the main causative drugs were Chinese

herbal medicine (24.2%), followed by immunosuppressive
agents (12.5%), antituberculous drugs (10.6%), antibiotics
(9.4%), antithyroid drugs (8.7%). But antituberculous
drugs (32.1%) were the leading cause of fatal DILD.
In summary, Chinese herbal medicine is the most
common dr ug associated with liver injur y, and the
mortality rate is 9.8% in patients with DILD. Hepatic
encephalopathy, ascites, jaundice, alcohol abuse and
direct bilirubin are associated with the death of patients
with DILD. Our ADRAC has proved to be an effective
instrument in detecting cases of idiosyncratic liver disease
and delineating a profile of risk factors for severity.
Further efforts must be made to prevent hepatic adverse
reactions to drugs.
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Abstract
AIM: To retrospectively evaluate the preoperative
diagnostic approaches and management of colonic
injuries following blunt abdominal trauma.
METHODS: A total of 82 patients with colonic injuries
caused by blunt trauma between January 1992 and
December 2005 were enrolled. Data were collected on
clinical presentation, investigations, diagnostic methods,
associated injuries, and operative management. Colonic
injury-related mortality and abdominal complications
were analyzed.
RESULTS: Colonic injuries were caused mainly by motor
vehicle accidents. Of the 82 patients, 58 (70.3%) had
other associated injuries. Laparotomy was performed
within 6 h after injury in 69 cases (84.1%), laparoscopy
in 3 because of haemodynamic instability. The most
commonly injured site was located in the transverse
colon. The mean colon injury scale score was 2.8. The
degree of faecal contamination was classified as mild
in 18 (22.0%), moderate in 42 (51.2%), severe in 14
(17.1%), and unknown in 8 (9.8%) cases. Sixty-seven
patients (81.7%) were treated with primary repair or
resection and anastomosis. Faecal stream diversion
was performed in 15 cases (18.3%). The overall
mortality rate was 6.1%. The incidence of colonic injuryrelated abdominal complications was 20.7%. The only
independent predictor of complications was the degree
of peritoneal faecal contamination (P = 0.02).
CONCLUSION: Colonic injuries following blunt trauma
are especially important because of the severity and
complexity of associated injuries. A thorough physical
examination and a combination of tests can be used
to evaluate the indications for laparotomy. One stage
management at the time of initial exploration is most

INTRODUCTION
Although the colon is often injured in case of penetrating
abdominal trauma, a significant proportion of colonic
injuries caused by road accidents is a grossly destructive
blunt type associated with damage to multiple organs[1-3].
The diagnosis and management of blunt colon injuries
are still debatable. The aim of this retrospective study
was to evaluate the preoperative diagnostic methods and
management of colonic injuries following blunt abdominal
trauma.

MATERIALS AND METHODS
Subjects
All patients with colonic injuries caused by blunt trauma
presenting to the Emergency Center of the Second
Affiliated Hospital of School of Medicine of Zhejiang
University between January 1992 and December 2005 were
enrolled. The criterion for inclusion in the study was full
thickness perforation of colon injuries requiring surgical
repair. Data were collected on clinical presentation,
investigations, diagnostic methods, associated injuries,
operative management, morbidity and mortality.
Haemodynamic status was determined based on their
heart rate and systolic blood pressure (BP) on admission.
A systolic BP equal to or < 90 mmHg on admission was
interpreted as haemodynamic instability or presence of
shock. The time from injury to operation was recorded.
The site of colon injury (right colon defined as the right of
the middle colic vessels, left colon the left of the vessels)
and major associated injuries of the head, thorax, pelvis,
axial skeleton, major blood vessels and long bones were
recorded.
www.wjgnet.com
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The severity of colon injury was graded according
to the colon injury scale (CIS) score [4]. CIS score was
definited as follows: grade 1: contusion and serosal tear
without devascularization, grade 2: laceration of less than
50% of the wall, grade 3: laceration of 50% or greater of
the wall, grade 4: 100% transection of the wall, and grade 5:
complete transection with tissue loss and devascularization,
an advanced grade for multiple injuries to the colon.
The degree of faecal spillage (the gross extent of intraabdominal faecal contamination) was categorized as mild:
stool contamination on local or one quadrant, moderate:
stool contamination on 2 to 3 quadrants, and severe: stool
contamination on all four quadrants[5].
Methods
All patients were resuscitated and received intravenous
antibiotics in the emergency room. The discretion
of operative options was based on Stone’s exclusion
factors for primary repair [6] and surgeons’ experience.
The outcome variables of the study included colonic
injury-related mortality and abdominal complications
(anastomotic leak, intra-abdominal abscess or peritonitis,
and colon obstruction or necrosis, if it was judged to be
directly related to the colonic trauma).
Statistical analysis
All analyses were carried out by SPSS 12.0 statistical
software. Independent predictors for colostomy and postoperative complications were determined by entering
potential confounders into a multivariate stepwise
(backward elimination) logistic regression. Variables
considered in the model for colostomy included age,
mechanism of injury, shock on admission, CIS, degree
of peritoneal faecal contamination, location of colon
injury, and associated intra-abdominal injury. P < 0.05 was
considered statistically significant.

RESULTS
Demographic data
A total of 82 patients were included in this study. There
were 77 males (93.9%) and 5 females (6.1%). Their age
ranged 15-67 years with a mean of 37.6 years. Colonic
injury was found in 57 patients (69.5%) due to motor
vehicle accidents, in 18 (22.0%) due to building accidents,
in 6 (7.3%) due to criminal assault, and in 1 (1.2%) due to
burst injury.
Clinical presentation
Abdominal signs could not be detected in 8 cases (9.8%)
because of head injuries, intoxication or sedation. Seventy
patients (94.6%) had moderate to severe abdominal
tenderness, 18 (24.3%) had diffuse peritonism, 23 (28.0%)
had shock on admission. In addition, hematuria was found
in 12 patients (14.6%), paraplegia in 2 (2.4%), aerocele of
scroticles in 2 (2.4%) patients. Plain abdominal radiograph
was performed to find pneumoperitoneum and intestinal
obstruction in 54 patients. Diagnostic peritoneal lavage
(DPL) or paracentesis was performed in 65 cases, which
was positive in 43 cases (noncongested blood in 20 cases,
www.wjgnet.com
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Table 1 Associated injuries in 82 patients with blunt colonic
injuries
n
Intra-abdominal
Small bowel
Spleen
Liver
Kidney
Urinary bladder
Pancreas
Ureter
Stomach
Duodenum
Diaphragm
Extra-abdominal
Head
Chest
Vascular peripheral
Fracture vertebral lumbar
Fracture pelvis

42
11
9
4
3
2
2
2
1
1
12
6
5
5
2

pus in 23 cases). Abdominal ultrasonography (US) and
computed tomography (CT) were performed in 58 and
10 cases respectively. Among them, 12 were diagnosed as
gastrointestinal injury with intraperitoneal free fluid.
Associated injuries
Fifty-eight patients (70.3%) were found to have one or
more associated injuries (Table 1). The most commonly
associated intra-abdominal injury occurred in the small
bowel (51.2%), followed by in the speen, liver, and kidney.
Multiple colonic wounds were observed in 4 cases (4.9%),
Isolated colon injury in 20 cases (24.4%). The range of
intra-abdominal organs injured was 1-4, with a mean of 2.3.
Timing and indications for laparotomy
Seven patients (8.5%) underwent immediate laparotomy
(< 2 h after injury), 4 for severe peritonitis and 3 due to
haemodynamic instability. Laparotomy was performed
between 2 h and 6 h after injury in 62 cases (75.6%).
Of them, 33 had a laparotomy because of abdominal
signs with evidence of peritonitis at admission or during
observation, 35 because of positive DPL or paracentesis.
Eighteen (51.4%) of these patients had more than one
significant intra-abdominal injury. An abdominal CT scan
or US imaging with diagnostic or suspicious findings
was the main reason for laparotomy in 15 cases (18.3%).
Colonic injuries were found in 2 patients at diagnostic
laparoscopy (Figure 1).
Site and nature of injuries
A total of 87 colonic injuries were found in 82 patients.
The most often wounded site was located in the transverse
colon (32 cases, 36.8%). The right colon injury was found
in 21 cases, the descending colon injury in 16, the sigmoid
colon injury in 13, and the intraperitoneal rectum injury in
5. The mean CIS score was 2.8 ± 1.2. The degree of faecal
contamination was classified by the operating surgeon as
mild in 18 cases (22.0%), moderate in 42 (51.2%), severe in
14 (17.1%), and unknown in 8 (9.8%).
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Management and prognosis
T herapeutic options were considered: two-stag e
management for those with any type of faecal stream
diversion, while one stag e manag ement for those
undergoing primary repair of the injured colon with or
without anastomosis. The successful rate for colonic
wounds without diversion was 81.7% (67 cases). Primary
repair was undertaken in 37 cases with resection and
primary anastomosis in a further 30 cases. Two-stage
operation was performed in 15 cases (18.3%): repair
and protective ostomy in 11 cases, exteriorisation of
the repaired bowel in 3 cases, Hartmann’s operation in
1 case. The overall mortality rate was 6.1% (5/82). The
overall incidence of colonic injury-related abdominal
complications was 20.7% (17/82). The most common
complications were anastomotic leak (12 cases), intraabdominal abscess (10 cases), wound infection (12 cases)
and colon obstruction or necrosis (4 cases). The only
independent predictor of complications was the degree of
peritoneal faecal contamination (P = 0.02). There was no
significant correlation between age, mechanism of injury,
shock on admission, location of colon injury, therapeutic
options and outcome in terms of morbidity and mortality.

DISCUSSION
Injuries of the hollow viscera are far less common in blunt
abdominal trauma than in penetrating abdominal trauma.
Blunt abdominal trauma accounts for approximately 5%
to 15% of all operative abdominal injuries[3,7]. The majority
of colonic injuries caused by penetrating trauma are
dominant[1-3,5]. Nevertheless, in our experience about 6.5%
of patients with blunt trauma at admission had injuries
to the colon and rectum, which is slightly higher than the
reported 5%[8]. Despite their infrequence, traumatic blunt
injuries to the colon are extremely destructive and generally
associated with damage to multiple organ systems, making
diagnosis and treatment difficult. It was reported that
delayed management of colonic injuries results in a high
incidence of morbidity[9]. Therefore, further researches
on guidelines for the diagnosis and surgical management
of colonic injuries following blunt trauma are especially
important.
No clinical investigations are available to compare with
gastrointestinal tract injuries. Moreover, clinical assessment
can be unreliable in patients following blunt trauma due
to distracting injuries, head and spinal cord injuries, and
shock. Less than 50% of gastrointestinal tract injuries
resulting from blunt trauma are reported to have sufficient
clinical findings to indicate the need for laparotomy[10].
In this study, 3 patients with unstable haemodynamics
undergoing immediate laparotomy (< 2 h) showed marked
evidence for abdominal injury. The other 4 patients with
gross abdominal distension and marked tenderness were
also immediately operated. In 6 patients presented within
two hours, abdominal signs were vague at initial evaluation
but became marked over a few hours at a repeated
examination. The finding of abdominal signs in the other
27 cases presented between two and six hours after trauma
resulted in laparotomy. Tenderness or other abdominal
findings were usually apparent within 24 h.
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Reason for laparotomy
Haemodynamic Positive
abdominal signs
instability

3

82 patients

Positive DPL

37

Diagnostic
imaging

Laparoscopy

15

35

2

Laparotomy
67

15

One stage (primary repair)

64

3
S

D

Two stage (faecal stream diversion)

13

2
S

D

Figure 1 Outcome of 82 patients with colonic injuries. S = survived, D = died.

Physical examination and diagnostic tests can be
used to evaluate patients with blunt abdominal trauma,
including DPL, US, CT, and diagnostic laparoscopy. Speed
and efficiency are important factors in the performing
such tests [3]. It is reported that peritoneal lavage cell
count may also be useful in early detection of hollow
viscus injury[11,12]. Although DPL is sensitive in identifying
haemoperitoneum and associated hollow viscus injury, it
has been criticised for its higher rate of non-therapeutic
laparotomy (NTL) and inconvenience in practice[12]. In
this study, the presence of positive DPL or paracentesis
was an important clinical finding. The routine use of
diagnostic celiocentesis to detect possible intra-abdominal
injuries in cardiovascularly stable patients has been used
to differentiate between injuries that require a therapeutic
laparotomy and those that do not[13]. Suspicious diagnosis
of gastrointestinal tract injuries was indicated in 35 cases
in this study. However, the diagnostic rate of colonic
injuries by DPL or celiocentesis was decreased over the
study period, which may be due to the increased use of
imaging techniques to assess haemodynamically stable
trauma patients.
US is convenient, cheap and noninvasive. A positive
study is defined as evidence of free fluid or solid-organ
parenchymal injury. Abdominal CT is also useful in the
diagnosis of abdominal injuries as it accurately delineates
solid organ injuries and retroperitoneal lesions. While some
advocate limiting imaging tests to evaluation of patients
with DPL-positive results and haemodynamic stability,
US and CT remain the preferred tool in the evaluation of
blunt abdominal trauma[3,14]. The accuracy of abdominal
US for evaluating blunt abdominal trauma is comparable
to the reported accuracy[15]. However, only 10 out of the
58 scans in our study could diagnose intra-abdominal
gastrointestinal tract injuries with 5 being suspicious of
a significant intra-abdominal injury. Some patients with
free fluid but no evidence of a solid viscus injury might
presumably be overlooked.
Although the role of laparoscopy in abdominal
trauma is controversial [16], diagnostic laparoscopy has
been introduced in our emergency center. Its indications
have expanded from identifying the causative pathology
of acute abdominal pain to avoidance of unnecessary
laparotomies, treatment of intra-abdominal lesions, and
www.wjgnet.com
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can be used as a resource for evaluating blunt abdominal
trauma. Diagnostic laparoscopy was performed in 2
cases in our study and some direct indications for colonic
injuries (such as faecal spillage, colon rupture) were found
in both cases. Take together, the indications for laparotomy
were determined according one of the following findings:
haemodynamic instability with reasonable clinical suspicion
of an intra-abdominal cause, positive abdominal signs,
positive DPL, positive diagnostic imaging and abdominal
finding by laparoscopy.
The management of colonic injuries has changed
significantly from ‘‘faecal diversion dogma’’ to primary
repair[2,3]. Although several studies showed that diversion is
not mandatory, additional considerations in management
should be taken into account regarding grossly destructive
colon injuries. In our study, mild, moderate and severe
faecal contamination was found in 22.0%, 51.2%, and
17.1% of patients, respectively at laparotomy. In 15
patients (18.3%), primary laparotomy was terminated
before the completion of definitive surgery (abbreviated
laparotomy or damage control).
It was re por ted that the mor tality of colonic
injuries have declined to 2%-12%[1,3,17]. Primary closure
or resection and anastomosis can be used in patients
with colonic injury. The results are generally favorable,
due to the advances in intensive care techniques and
antibiotic therapy. Primary repair reduces operation and
postoperative complications, avoids a second operation,
stoma complications, and the financial burden related
to colostomy care. A number of factors have been
traditionally accepted to be associated with higher
mortality and morbidity of primary colonic repair. It was
reported that patients should be excluded from primary
repair in the presence of shock, major blood loss, > two
organs injured, faecal contamination higher than ‘mild’,
delay of repair > 8 h and destructive wounds of the
colon or abdominal wall requiring resection[6]. The grade
of colonic injuries trends to be independently associated
with intra-abdominal complications. In our study, the
overall mortality rate was 6.1%. Although neither grade of
injury nor ostomy formation demonstrated a significant
impact on morbidity, peritoneal faecal contamination has
shown its significant predictive value for complications.
We advocate that peritoneal faecal contamination should
be thoroughly removed during operation to reduce
postoperative abdominal septic morbidities. There was
no difference between patients with primary repair and
faecal stream diversion. However, other organ injuries
must be kept in mind. Colostomy may be indicated due
to unusual conditions, such as intramural hematomas
causing compression ischemia and delayed perforation,
mesenteric hematomas causing vascular compression with
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subsequent infarction, and perforations in omentum or
other surrounding organs[3]. All together, the decision for a
primary anastomosis, especially after segmental resection in
the descending colon, should be individualized according
to the injuries in different patients.
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Abstract
Hepatitis is an important but uncommon manifestation
of acute Epstein Barr infection. Infectious mononucleosis
is usually a disease of young adults. We report a case
of infectious mononucleosis in a 72-year old jaundiced
gentleman with ferritin level of 2438 that normalised on
clinical improvement.
© 2007 The WJG Press. All rights reserved.

Key words: Epstein Barr virus; Infectious mononucleosis;
Ferritin; Jaundice; Liver function tests
Thoufeeq MH, Ali Khan SL, Jain SK, Al-Shakerchi H, Hussain M. A case of acute infectious mononucleosis presenting
with very high ferritin. World J Gastroenterol 2007; 13(4):
637-638
http://www.wjgnet.com/1007-9327/13/637.asp

INTRODUCTION
Hepatitis is an important but uncommon manifestation
of acute Epstein Barr infection. Infectious mononucleosis
is usually a disease of young adults. We report a case
of infectious mononucleosis in a 72-year old jaundiced
gentleman with ferritin level of 2438 that normalised on
clinical improvement.

CASE REPORT
A 72-year old retired farmer was admitted with a threeweek history of feeling generally unwell. He gave a history
of loss of appetite with stable weight. He denied any
history of fever. Having a long history of prostatism, he

was found to be in urinary retention at the same time for
which he was catheterised. He was not started on any
new medications and denied taking any over the counter
medications. He said his urine was dark and sometimes
had dysuria. He denied any gastro-intestinal symptoms.
His past history included osteoarthritis, previous
myocardial infarction in 1993, gastro-oesophageal reflux
disease and laparoscopic herniorrhaphy,
His medications were 75 mg aspirin, 10 mg
atorvastatin, 300 mg quinine sulphate, 20 mg omeprazole
and 5 mg amlodipine once daily. He said he was allergic to
codeine phosphate. He was living on his own and his wife
had recently passed away. His alcohol intake was negligible.
There was no family history of any clinical significance.
On clinical examination he was noticed to be jaundiced,
afebrile, haemodynamically stable. There were no stigmata
of chronic liver disease. His abdomen was soft with
mild tenderness elicited in the right hypochondrium. No
organomegaly or masses were noted. Examinations of
cardiovascular and respiratory systems were normal.
His blood tests were as follows: Hb = 14.7 g/dL
(13.5-16.9), WBC = 6.1 (4.5-13.0), platelets = 161 (150-400),
MCV = 92 fL (84-99.0), neutrophils = 1.65 (2.0-7.5),
lymphocytes = 3.97 (1.5-4.0). A blood film showed a
moderate number of atypical lymphocytes.
Ser um ferritin was high at 2438 μ g/L (25-400).
Haemochromatosis screen was negative. PT, APTT
and fibrinogen were normal. Sodium was 135 mmol/L
(135-145), potassium 4.2 mmol/L (3.5-5.3), urea 6.1
mmol/L (3-7) and creatinine 102 μ mol/L (53-115)
(Table  1).
Bilir ubin was 50 μmol/L (0-20), alanine
aminotransferase (ALT) 254 U/L (0-37), alkaline
phosphatase (ALP) 677 U/L (39-128), gamma glutamic
transpeptidase(GT) 817, albumin 34 g/dL (35-52),
calcium 2.18 mmol/L (2.1-2.6), C reactive protein (CRP)
21 mg/L (0-8), alfa- fetoprotein 3.5 (0-5.8), C3 and C4
(complements) were normal; IgM was 3.73 g/L (0.5-2).
Blood and urine cultures were negative. Hepatitis A,
B, C and CMV serology were negative. Anti Epstein Barr
virus (EBV) capsid antigens IgG and IgM were detected,
Anti EBV nuclear antigen IgG was also detected.
Anti nuclear antibody (ANA) was neg ative.
Anti neutrophil cytoplasmic antibody (ANCA),
antimitochondrial, smooth muscle, liver kidney microsomal
antibodies were all negative.
Chest and abdominal X-rays showed no radiological
abnormalities. He had an abdominal CT showing moderate
www.wjgnet.com
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Table 1 Abnormal blood tests in patient

Table 2 Gastrointestinal manifestations of EBV infection

1
2
3
4
5
6
7
8
9
10

1
2
3
4
5
6
7

Ferritin 2438 (25-400)
Bilirubin 50 (0-30)
ALT 254 (0-30)
ALP 677
Gamma GT 817
CRP 21 (0-8)
IgM 3.73 (0.5-2)
Anti EBV nuclear IgG detected
Anti EBV capsid antigen IgM and IgG detected
Atypical lymphocytes

splenomegaly and liver changes that were suggested as
possibly secondary to hepatitis.
He was managed conservatively, his LFTs improved.
He remained very well and was discharged after 2 wk of
hospitalisation.
He was seen in Outpatient Follow-up Clinic after 4 mo,
he was well and his weight was stable. His ferritin and LFT
at that time became normal.

DISCUSSION
Infectious mononucleosis (IM) was first described in 1920.
It was not until 1968 that EBV infection was described as
a causative agent of IM. Incubation period is 25-50 d. It is
usually a self-limiting disease.
There is a mortality rate of 0.1% associated with IM.
Ninety percent of patients have asymptomatic deranged
liver function tests, but jaundice is rare. EBV hepatitis is an
important cause of viral hepatitis.
Fulminant hepatitis is rare but has been reported[1].
Severe hepatitis is rare, although it has been reported.
Hepatomegaly is frequently present. Jaundice is rare.
Occasionally, jaundice may be due to autoimmune
haemolysis. Cholestasis can be noticed[2]. Splenomegaly
is common and 50%-75% of patients develop it.
Dommerby et al[3] reported that all patients have ultrasonic
splenomegaly but that is palpable in only a few. Splenic
rupture should be ruled out in patients who present with
severe abdomen pain. Rupture can be precipitated by
sports activity or can occur spontaneously and 0.1%- 0.5%
of cases can result in rupture[4]. Spleen is most vulnerable
to rupture in the 2nd and 3rd week of infection. Preparation
with amoxicillin can result in rash frequently. Fever can be
noted in 90 % of cases, usually low grade. Maculo- popular
rash can be noticed in 5%-10% of cases, but is more
common in children.
Malaise and fatigue may persist for weeks or months
after IM. Persistent EBV infection is not a cause of
chronic fatigue syndrome (CFS). High titres of antibodies
to EBV may be noticed in patients with CFS that are
identical to healthy EBV- sero positive adults.

Asymptomatic deranged LFTs
Viral hepatitis, usually self limiting
Fulminant hepatitis
Cholestasis
Auto-immune haemolysis causing jaundice
Splenomegaly
Splenic rupture (rare)

Duncan syndrome, a rare X linked recessive disorder,
was reported by Purtilo et al in 1975 which is characterised
by a defect in the immune response ag ainst EBV
resulting failure to prevent EBV replication and hence
leading to fatal complications[5]. Patients with combined
immunodeficiency, Wiskott- Aldrich syndrome and Ataxia
telangiectasia develop severe IM[6]. Likewise, patients with
acquired immunodeficiency states like patients with AIDS
or those receiving immunosuppressive agents develop
severe IM and malignant lymphoma[7].
Treatment for IM is supportive with analgesic as
required and rest. Due to the risk of splenic rupture
physical activity in excess is to be avoided. There is no
place for oral glucocorticoids in uncomplicated IM. In
patients with severe tonsillar enlargement that might
predispose to airway obstruction, severe thrombocytopenia
or haemolytic anaemia, Prednisolone 40 to 60 mg once
daily for 2-3 d with tapering over 3 wk is adviced.
In conclusion, acute EBV hepatitis should be ruled out
in acutely jaundiced patients with high ferritin at any age
group (Table 2).
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Abstract
An 81-year-old Japanese man with jaundice was
strongly suspected clinically of having primary sclerosing
cholangitis based on clinical examinations and later
died of hepatic failure. The entire course of the disease
lasted about 10 mo. The autopsy revealed extensive
fibrinoid necrosis in the liver, kidney, spleen, pancreas,
lung, lymph nodes, and pleura. Particularly extensive
fibrinoid necrosis in the portal tracts of the liver induced
severe stenoses of the intrahepatic bile ducts, resulting
in cholestasis in association with prominent liver injury.
There were no findings indicating primary sclerosing
cholangitis. The hepatic lesions in this case did not
coincide with any known disease including collagen
diseases. To clarify the cause of irregular stenoses of the
intrahepatic biliary trees on cholangiographic findings, we
postulate that some form of immunological derangement
might be involved in pathogenesis of fibrinoid necrosis.
However, the true etiology remains unknown.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
We herein present an unusual autopsy case showing systemic
fibrinoid necroses in various organs. The case was strongly
suspected clinically of primary sclerosing cholangitis (PSC)
based on the cholangiographic findings; however, the
autopsy disclosed systemic fibrinoid necroses instead of
histological features of PSC. Particularly noteworthy was
the presence of fibrinoid necrosis in the portal tracts of
the liver caused stenoses of the biliary trees in association
with cholestasis. We could not find any similar case reported
in the literature. Presently, the etiology remains unknown.

CASE REPORT
About 10 mo before admission to our hospital, an 81-yearold Japanese man was admitted to a local hospital because
of jaundice. Laboratory examinations revealed elevated
levels of serum total bilirubin and other serum enzymes
such as alkaline phosphatase, γ-glutamyltranspeptidase,
leucine aminopeptidase. Serum autoantibodies such as
anti nuclear antibody, anti mitochondrial antibody and
anti smooth muscle antibody were negative. Endoscopical
retrog rade cholangiog ram showed characteristic
irregularity and beading of the intrahepatic biliary tree
(Figure 1). No extrahepatic involvement was found. The
patient was strongly suspected clinically of PSC. The
pathologic diagnosis of the liver biopsy specimen was
liver damage with cholestasis. Concentric fibrosis around
the bile ducts suggesting PSC was not found. The patient
was transferred to our hospital 18 d before death because
of aggravation of jaundice, anorexia and easy fatigability.
Chronological laboratory data is shown in Table 1. Serum
fibrinogen was within normal lower limit. Plasminogen
and D-dimer in serum were not examined. Serologic
markers for hepatits B and C viral hepatitis were negative.
These findings indicated that the liver cell damage rapidly
worsened with aggravation of cholestasis, especially in
end stage. Despite symptomatic and supportive treatment,
the jaundice became progressively worse, and ascites and
hepatic encephalopathy developed. The patient eventually
died of hepatic failure.
An autopsy was performed about two hours after
his death. The diagnoses at autopsy except for systemic
fibrinoid necrosis were cholestatic liver damage, acute
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Table 1 Laboratory data

Peripheral blood
WBC
Hemoglobin
Platelet
Coagulation tests
Prothrombin time
Hepaplastin test
Fibrinogen

/μL
g/dL
× 104/μL

%
%
mg/dL

(4500-8500)
(13.5-16.5)
(15.0-35.0)

(> 70%)
(> 70%)
(150-400)

d1

d 38

d 48

d 54

8400
12.1
26.8

8800
12.9
26.6

9200
11.5
20.8

16900
11.4
18.6

55
90

37
44
158

52
57
176

26
38
160

Serological tests
IgG
IgA
IgM

mg/dL
mg/dL
mg/dL

(800-1800)
(130-290)
(100-180)

C3

mg/dL

(70-100)

99

C4
CH50
Serum-Cu

mg/dL
U/mL
μg/dL

(11-44)
(28-45)
(78-131)

46.5
44.6
247

1629
182
68

Viral markers
Blood chemistry
AST
ALT
LDH
ALP
LAP
γ-GTP
T-Bil
D-Bil
TP
Alb
TC
BUN
Cr
Serological test
CRP

IU/L
IU/L
IU/L
IU/L
IU/L
IU/L
mg/dL
mg/dL
g/dL
g/dL
mg/dL
mg/dL
mg/dL

(10-30)
(6-40)
(160-325)
(120-400)
(105-235)
(4-70)
(0.1-0.8)
(0-0.3)
(6.7-8.3)
(3.5-5.2)
(120-220)
(8-20)
(0.5-1.1)

185
126
450
1359

1.2

6.3
2.8
319
32
1.3

98
59
439
692
472
119
16.2
9.1
5.2
2.8
193
68
3.1

1.8

1.3

1.5

296
10.7
5
6.4
3.3
260

134
91
646
834
528
151
15.8

422
174
812
556
425
73
18.5
10.9
4.9
2.6
158
150
7.7

HBsAg
HCVAb

(-)
(-)

Auto antibodies
Anti nucleic antibody
LE test
Anti DNA antibody
Anti SMA antibody
Anti mitochondrion antibody

(-)
(-)
(-)
(-)
(-)

Tumor markers
AFP
CEA
CA19-9

ng/mL
ng/mL
U/mL

(1-15)
(5.8↓)
(37↓)

2
6.1
2470

mg/dL
(0-0.5)

8.8

D: hospital day; Underline: abnormal value.

PT

BD

Figure 1 Endoscopic retrograde cholangiogram. Intrahepatic biliary branches
showed irregularity and extensive beading (arrows). The long arrow indicates the
dilatation of the bile duct due to stenosis caused by the pressure of cysts.

renal swelling, acute pancreatitis, mild cardiac hypertrophy
(350 g) and latent adenocarcinoma of the prostate.
Pathologic findings concerning fibrinoid necrosis are
described as follows.
The liver (1380 g) showed a deeply yellow-brown cutsurface due to cholestasis with scattered simple small
cysts. Gross examination could not detect remarkable
changes of the common bile duct and bilateral hepatic
ducts. Microscopically the most striking feature was a
massive deposition of homogeneous material stained
scarlet with Masson's trichrome in the portal tracts (Figure
2). Careful examinations disclosed that the material was
deposited in the walls of arteries and portal veins as well
www.wjgnet.com

Figure 2 Extensive fibrinoid necrosis in large portal tract. Septal bile duct is buried
in the fibrinoid material (Masson’s trichrome x 1). PT: portal tract, BD: bile duct.

as in the connective tissue (Figure 3). In the bile ducts the
deposits circumscribed the lumen leaving the epithelial
lining intact and caused marked stenosis. The area of
the involved vessels and ducts extended from the distal
interlobular portion to the proximal septal portion (Figures
2 and 3). The material was stained violet with PTAH and
immunohistochemically was positive for fibrinogen and
negative for immunoglobulins such as IgG, IgM, and IgA,
C3 and C1q (Figure 4A). Electron microscopic findings
of the liver were electron dense materials deposited in
the involved tissue (Figure 4B). The results of these
stainings and electronmicrogram suggested that the lesion
with homogeneous material deposition was fibrinoid
necrosis. In addition, the portal tracts were enlarged and
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Figure 3 A smaller portal tract. Fibrinoid material is deposited in the connective
tissue, walls of the arteries and periductular connective tissue (Masson's trichrome
x 20). PV: portal vein, A: artery, BD: bile duct.

infiltrated with lymphocytes and plasma cells with an
occasional intermingling of polymorphonuclear cells,
ductular proliferation and fibrosis. The histologic features
were biliary interface activity, resulting from cholestasis.
However, it was noted that the lesion with fibrinoid
necrosis was scarcely accompanied by inflammatory
reactions. Cholestasis also caused conspicuous parenchymal damage including feather y degeneration or
necrosis. Although the liver was extensively examined
histologically, there were no detectable features of PSC.
The kidney (250 g, respectively) showed marked
swelling. Histologically fresh fibrinoid necrosis was found
in various degrees mainly in the wall of the interlobular
arteries (Figure 5). However, it was not accompanied by
any inflammatory reaction. Elastica-Van Gieson stain
also demonstrated the destructive changes of the arterial
walls suggestive of old vascular lesions. Occasionally, focal
fibrinoid necrosis involved tubules and connective tissue.
Intensive fibrinoid necrosis was noticed in lymph
nodes and the spleen. Old vascular lesions were also found
frequently in the spleen. The pancreas, lung and pleura
showed scattered foci of fresh fibrinoid change.
On re-examination of the liver biopsy specimen, the
same fibrinoid necrosis as observed on autopsy materials
was seen in the portal tracts.

DISCUSSION
The case reported here is characterized with unusual
systemic fibrinoid necroses in the walls of blood vessels
and connective tissue in various organs, especially in the
liver. It is clear that massive fibrinoid material around
the bile ducts compressed the lumen and caused various
degrees of stenoses. It was considered that such stenosis
of the bile ducts resulted in the findings similar to those
of PSC on the cholangiogram [1,2]. Obstructive jaundice
over time aggravated and severely damaged the liver
parenchyma. This was considered to reflect the progressive
deposition of fibrinoid material in the portal tracts.
Klemperer proposed the term, collagen diseases, to
describe systemic connective tissue disorders that are
characterized histologically by fibrinoid necrosis of the
connective tissue[3,4]. Thereafter many studies clarified that

Figure 4 A: Immunohistochemical staining demonstrates the positivity of the
fibrinoid material for fibrinogen; B: An electron micrograph shows dense deposit
materials suggestive of fibrinoid necrosis around the small bile ducts in the portal
tract of the liver (original magnification x 2000).

Figure 5 Kidney. Fibrinoid necroses were seen in the walls of the interlobular
arteries (arrows) (Masson’s trichrome x 10).

fibrinoid material is composed mainly of fibrins, while
other minor components are immunoglobulins. Although
the pathogenesis of fibrinoid necrosis has not yet been
fully elucidated, it is assumed to result from the insudation
of immunoglobulins into blood vessel walls, leading to
activation of the coagulation cascade and deposition of
fibrins[5]. Furthermore, fibrinoid necrosis of blood vessels
is also known to develop in non-autoimmune diseases like
malignant hypertension[6,7]. In our case laboratory findings
or symptoms were not suggestive of any autoimmune
disease or malignant hypertension. The liver pathology
was also quite different from that of reported cases with
collagen diseases[8-10]. On a search of the literature using
key words such as fibrinoid necrosis, vasculitis, we could
not find any case similar to ours.
It is well known that the main cholangiographic features
of PSC are a beaded appearance, very short strictures,
and diverticulum-like outpourchings[11]. Cholangiographic
differential diagnosis of PSC involves cholangiocarcinoma,
cirrhosis, acute cholangitis, and advanced primary biliary
cirrhosis in general[12]. In addition, it might be necessary, in
diagnosing PSC, to keep in mind that the lesions severely
involving the portal tracts like our case also cause severe
damage, besides stenosis of the biliary tracts.
www.wjgnet.com
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Abstract
We report a case of pouchitis and pre-pouch ileitis, and
inflammation in the neo-terminal ileum proximal to the
pouch, developed after restorative proctocolectomy for
ulcerative colitis. A 35-year old female presented with
fever and abdominal pain five weeks after ileostomy
closure following proctocolectomy. Computed tomography
showed collection of feces in the pouch and proximal
ileum. A drainage tube was placed in the pouch perianally,
and purulent feces were discharged. With antibiotic
treatment, her symptoms disappeared, but two weeks
later, she repeatedly developed fever and abdominal pain
along with anal bleeding. Pouchscopy showed mucosal
inflammation in both the pouch and the pre-pouch
ileum. The mucosal cytokine production was elevated
in the pouch and pre-pouch ileum. With antibiotic and
corticosteroid therapy, her symptoms were improved
along with improvement of endoscopic inflammation and
decrease of mucosal cytokine production. The fecal stasis
with bacterial overgrowth is the major pathogenesis of
pouchitis and pre-pouch ileitis in our case.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Restorative proctocolectomy with ileal pouch-anal anasto-

mosis has become the surgical procedure of choice for patients with ulcerative colitis (UC)[1-3]. Pouchitis is the most
common complication following restorative proctocolectomy for UC[1-5]. Patients with UC may develop inflammation in the neo-terminal ileum (pre-pouch ileum) proximal
to the pouch, so called pre-pouch ileitis. So far, there has
been only one study reporting the details of pre-pouch
ileitis. Bell and colleagues[6] retrospectively investigated
the clinicopathological characteristics of pre-pouch ileitis
using their pouch database, however the pathogenesis of
pre-pouch ileitis is unknown. We have recently experienced
one patient in whom both pouchitis and pre-pouch ileitis
developed after restorative proctocolectomy for UC. The
purpose of this article is to report the case of our patient,
and to discuss the pathogenesis of pre-pouch ileitis based
on the clinicopathological and immunological findings.

CASE REPORT
Clinical presentations
In July 2005, we received a 35-year old female with a sixyear history of UC requiring surgical treatment. Small
bowel follow-through, barium enema and ileocolonoscopy
with histological examinations confirmed UC but not
Crohn’s disease. She had a history of allergy to sulfasalazine and mesalazine. She was treated with long-term corticosteroid therapy, and the cumulative dose of prednisolone administered before operation was more than 20 g.
Selective granulocyte and monocyte adsorption apheresis
therapy was not effective. She had no history of extraintestinal manifestations. Endoscopically, the extent of disease
was pancolitis without backwash ileitis. The indication for
surgery was steroid-dependency and chronic continuous
disease. A laparoscopic-assisted proctocolectomy with
ileal pouch-anal canal anastomosis was performed. The
J-shaped pouch (15 cm in length) was constructed using
a linear stapler. A stapled ileo-anal canal anastomosis was
performed at approximately 2 cm from the dentate line.
There was no difficulty in mobilizing the ileal pouch sufficiently to achieve a tension-free anastomosis. The covering
ileostomy was constructed to protect the anastomosis. After operation, she developed no serious complications, and
was doing well with her ileostomy. Histological diagnosis
of the colectomy specimen was UC, and there were no
findings of inflammation in the terminal ileum.
Before ileostomy closure, a pouchgram, pouchscopy
with biopsy, and manometric study were performed. The
pouchgram showed no findings of anastomotic leak,
fistulae and strictures, decreased pouch compliance, a
long efferent loop, or decreased pouch emptying. Both
www.wjgnet.com
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Figure 1 Abdominal computed
tomography showing a massive
collection of feces in the pouch (A)
and proximal ileum (B).

←
Fecal collection

Fecal collection

B

endoscopically and histologically, there were no findings
of inflammation in the pouch and proximal ileum. In the
manometric study, the resting anal pressure was 42 mmHg
compared with 65 mmHg before pouch construction.
The squeezing pressure was 110 mmHg compared with
128 mmHg before pouch construction. In March 2006,
she had her ileostomy closed. Postoperatively, she was doing well, and on a normal diet. However, five weeks after
operation, she developed high fever (40℃) and severe
abdominal pain. Retrospectively, the number of defecations did not change (7-10 times/d), but the fecal volume
on each defecation remarkably decreased for several days
before her symptoms occurred. Abdominal computed
tomography (CT) showed a massive collection of feces in
the pouch and proximal ileum (Figure 1). A drainage tube
was placed in the pouch perianally, and a large amount of
purulent feces were discharged. In fecal culture, Salmonella,
Shigella, Campylobacter, Escherichia coli O157, Yersinia, Vibrio
and Clostridium difficile were negative, whereas Escherichia coli
and Staphylococcus aureus were positive. She was managed
with total parenteral nutrition in combination with intravenous antibiotic administration (imipenem, 1.0 g/d for
one week). Her symptoms disappeared after the five-day
drainage of the feces, and she was back on a normal diet.
However, two weeks later, she repeatedly presented with
fever (40℃) and severe abdominal pain along with mild
anal bleeding. Pouchscopy showed inflammatory conditions such as edema, granularity, friability, loss of vascular
pattern, and erosions in both the pouch and the pre-pouch
ileum (continuous 30 cm proximal to the pouch, Figure
2). The inflammation was milder more proximally. Biopsies were taken for histological examination and mucosal
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Figure 2 Pouchscopy showing inflammation
conditions such as edema, granularity, friability, loss
of vascular pattern, and erosions in both the pouch (A)
and the pre-pouch ileum (continuous 30 cm proximal
to the pouch) (B).

cytokine measurement. Histologically, moderate leukocyte
infiltration without crypt abscess formation was observed
in both the pouch and the pre-pouch ileum. According
to the pouchitis disease activity index by Sandborn[5], her
score was 12, and she was diagnosed as having pouchitis (≥
7 points). Antibiotics (cefmetazone sodium, 2.0 g/d for
one week), and prednisolone (30 mg/d for one week) were
administered intravenously. Her symptoms were rapidly
improved, and pouchscopy after the one-week treatment
revealed improvement in mucosal inflammation. Thereafter, predonisolone was orally given (15 mg/d for two
weeks, and then 10 mg/d for two weeks). Four months
after ileostomy closure following pouch operation, she was
doing well with normal bowel function (defecation, 5-7
times/d; soiling, 1 time/2 wk).
Laboratory data
Using the biopsy specimens obtained during pouchscopy,
the mucosal cytokine (interleukin (IL)-1β, IL-6, IL-8, and
tumor necrosis factor alpha (TNF-α) levels were measured
by the enzyme-linked immunosorbent assay as previously
reported (Table 1)[7]. In this patient, the mucosal cytokine
levels were examined before ileostomy closure, at the time
of diagnosis of pouchitis and pre-pouch ileitis, and one
week after the treatment for inflammation, and compared
with those in 28 patients without pouchitis or pre-pouch
ileitis three months after ileostomy closure following ileal pouch construction for UC in our previous study[7].
At the diagnosis of pouchitis and pre-pouch ileitis, the
mucosal cytokine levels were remarkably elevated in both
the pouch and the pre-pouch ileum compared with those
before ileostomy closure. White blood cell (WBC) count

Iwata T et al . Pouchitis and pre-pouch ileitis in UC

Table 1 Change of mucosal cytokine production in the pouch
and pre-pouch ileum
Before
At the diagnosis After
Patients without
ileostomy ofpouchitis and treatment pouchitis or
1
closure
pre-pouch ileitis
pre-pouch ileitis
Pouch
(pg/mg of tissue)
IL-1b

25

730

98

IL-6

590

14 000

2700

IL-8

31

840

290

TNF-a

10

350

67

Pre-pouch ileum
(pg/mg of tissue)
IL-1b

34.5 (26-39)
900 (580-1480)
58 (34-76)
38.5 (27-60)

17

560

91

IL-6

600

17 000

3600

570 (420-720)

10.5 (5-22)

IL-8

22

710

190

19.5 (10-41)

TNF-a

13

270

82

12 (5-18)

IL: Interleukin; TNF: tumor necrosis factor. 1Median values (interquartile
range) for 24 patients without pouchitis or pre-pouch ileitis three months
after ileostomy closure following restorative proctocolectomy for ulcerative
colitis[7].

was 12 300/mm 3, platelet cont was 443 000/mm 3, and
C-reactive protein (CRP) level was 19.34 mg/dL. After the
one-week administration of antibiotics and prednisolone,
the mucosal cytokine levels markedly decreased along with
endoscopic improvement of mucosal inflammation. At
that time, WBC count was 10 800/mm3, platelet count was
506 000/mm3, and CRP level was 0.09 mg/dL.

DISCUSSION
The etiology of pouchitis is still unknown. A variety of
factors such as fecal stasis, bacterial overgrowth, immune
alternation, bile acid toxicity, short-chain fatty acid deficiency, and ischemia may affect the development of pouchitis[4,8,9]. In our research[7], to examine the impact of the
fecal stream and stasis on immunological reactions in the
pouch and proximal ileum, mucosal cytokine production
was measured before and after ileostomy closure following
proctocolectomy for UC. No patients developed pouchitis
or pre-pouch ileitis during the study period. We found that
immunological reactions in the pouch occurred soon after
ileostomy closure, and continued thereafter[7]. In contrast,
cytokine production was not elevated in the proximal ileum, where the fecal stasis does not often occur. Thus, the
fecal stasis may play an important part in the pathogenesis
of immunological reactions in the pouch[7].
Bell and colleagues[6] reported that 15 (2.6%) of 571
inflammatory bowel disease patients undergoing restorative
proctocolectomy developed pre-pouch ileitis. However,
this incidence may be underestimated because their study
was retrospective, and the pre-pouch ileum was not routinely examined. The median age of the 15 patients (eight
females) was 36 years, and the median duration from pouch
construction to diagnosis of pre-pouch ileitis was three
years. The most common clinical presentations were frequency of defecation (40%) and bowel obstruction (40%).
Preoperatively, backwash ileitis was observed in 18% of
the patients, and 27% had a history of extraintestinal
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manifestations. All patients had continuous disease from
the neo-terminal ileum-pouch junction for a distance of 1
cm to more than 50 cm proximally becoming milder more
proximally. Concomitant pouchitis was observed in 47%
of the patients. Nine patients had narrowing of the lumen
in the pre-pouch ileum, and in two of these there was a severe stricture. One patient had a fistula from the pre-pouch
ileum to the vagina. Eleven patients with symptoms were
treated, of whom eight required surgery (resection in six,
strictureplasty in one, defunctioning ileostomy in one).
In the study by Bell and colleagues[6], there were no
statements about the pathogenesis of pre-pouch ileitis.
Only half of their patients with pre-pouch ileitis had concomitant pouchitis. Several patients presented with tight
stricture, deep ulcerations or fistula. We suspect that these
patients may have Crohn’s disease, although the histological diagnosis based on the colectomy specimen was confirmed as UC[6]. Wolf et al[10] reported that afferent limb
ulcers predict Crohn’s disease in patients with ileal pouchanal anastomosis. In our case, findings suggesting Crohn’s
disease were not observed.
The pathogenesis of pre-pouch ileitis is also unknown.
Our patient developed a massive collection of feces in
the pouch and pre-pouch ileum in the early postoperative period after ileostomy closure, which was detected by
CT. Before her symptoms (fever and abdominal pain) occurred, the fecal volume remarkably decreased, although
the number of defecations did not change. The cause of
fecal collection is unknown. Before ileostomy closure,
pouchgram showed no evidence of anastomotic strictures,
decreased pouch compliance, or decreased pouch emptying. The results in our manometric study were similar to
those in patients with normal pouch function after restorative proctocolectomy in the previous study[11]. Although a
longer follow-up was necessary, she had neither evacuation
problems nor impaired pouch emptying at the time of our
report (four months after ileostomy closure). If she had
the similar symptoms such as fever and abdominal pain
along with a decrease in volume of feces, further studies
were needed to examine her pouch function.
In our case, endoscopic and histological features of
mucosal inflammation were similar in the pouch and prepouch ileum, although the inflammation was milder more
proximally. Bell and colleagues[6] also found that the histological findings of pouchitis and pre-pouch ileitis are
similar. In our institution, mucosal cytokine production is
routinely investigated before and after ileostomy closure
following restorative proctocolectomy for UC[7]. In this
report, at the diagnosis of pouchitis and pre-pouch ileitis,
the mucosal IL-1β, IL-6, IL-8, and TNF-α levels were remarkably elevated in both the pouch and the pre-pouch ileum compared with those before ileostomy closure, which
were much higher than those in patients without pouchitis
or pre-pouch ileitis in our previous study (Table 1)[7], suggesting that both pouchitis and pre-pouch ileitis are associated with increased mucosal cytokine production. There
seemed to be no significant difference in cytokine production between pouchitis and pre-pouch ileitis. These cytokine levels remarkably decreased after antibiotic and steroid medication. Purulent feces were discharged through
a drainage tube placed in the pouch. In fecal culture, E.
www.wjgnet.com
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coli and Staphylococcus aureus were detected, which may have
caused severe clinical symptoms such as high fever and abdominal pain.
In conclusion, fecal stasis along with subsequent bacterial overgrowth is the major pathogenesis of both pouchitis and pre-pouch ileitis. The pathogenesis may be similar
in pouchitis and pre-pouch ileitis due to the similar endoscopic, histological and immunological features. Further
studies are needed to fully understand the pathogenesis
of pouchitis and pre-pouch ileitis after restorative proctocolectomy for UC.
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Abstract
Cytomegalovirus (CMV) infection in inmunocompetent
hosts generally is asymptomatic or may present as a
mononucleosis syndrome but rarely can lead to severe
organ complications. We report a case of simultaneous
hepatic and pericardic CMV infection in a 36-year old
immunocompetent man. He was admitted to coronary
unit with fever, chest pain radiated to shoulders,
changes on electrocardiogram with diffuse ST elevation
and modest laboratory elevations in the MB fraction of
creatine kinase (CK-MB) of 33.77 mg/L (0.1-6.73), serum
cardiac troponin T of 0.904 ng/mL (0-0.4), creatine
kinase of 454 U/L (20-195) and myoglobin of 480.4 mg/L
(28-72). Routine laboratory test detected an elevation of
aminotransferase level: alanine aminotransferase 1445
U/L, aspartate aminotransferase 601 U/L. We ruled out
other causes of hepatitis with normal results except IgM
CMV. The patient was diagnosed with myopericarditis
and hepatitis caused by cytomegalovirus and started
symptomatic treatment with salicylic acid. In few days
the laboratory findings became normal and the patient
was discharged.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cytomegalovirus (CMV) infection in an immunocompetent
host, rarely can lead to severe organ specific complications[1,2].
A variety of presentations have been described, ranging
from a common form of infectious mononucleosis to
systemic disease (gastrointestinal, cardiovascular, hepatic,
neurologic manifestations) with significant morbidity. We
report a case of simultaneous hepatic and pericardic CMV
infection in an immunocompetent host.

CASE REPORT
A 36-year old man was admitted to our hospital with fever
and chest pain radiated to shoulders. He had no other
relevant medical history and physical examination was
normal. Electrocardiogram showed diffuse ST elevation
and laboratory test displayed modest elevations in MB
fraction of creatine kinase (CK-MB) of 33.77 µ g/L
(0.1-6.73), serum cardiac troponin T of 0.904 ng/mL
(0-0.4), creatine kinase of 454 U/L (20-195) and myoglobin
of 480.4 µg/L (28-72). The patient was diagnosed with
myopericarditis and admitted to the coronary unit. Routine
laboratory tests detected an elevation of aminotransferase
level: alanine aminotransferase 1445 U/L (6-41), aspartate
aminotransferase 601 U/L (6-38). Other laboratory
parameters were nor mal including gamma glutamyl
transpeptidase, alkaline phophatase, bilirubin, cholesterol,
electrolytes, complete blood cell count and coagulation
test. We ruled out other causes of hepatitis: medications,
alcohol abuse, hepatitis B, hepatitis C, hereditar y
hemochromatosis, hepatic steatosis and steatohepatitis,
thyroid disorders, celiac disease, autoimmune hepatitis,
Wilson´s disease and alpha 1 antitrypsin deficiency. Finally
we looked for a less common infection etiology (Epstein
Barr virus, cytomegalovirus and atypical bacteria). The
results were normal except for IgM CMV. The patient was
diagnosed with myopericarditis and hepatitis caused by
cytomegalovirus and started symptomatic treatment with
salicylic acid. In few days the laboratory findings became
normal and the patient was discharged.

DISCUSSION
CMV infection in immunocompetent patients is common
with a substantial morbidity and mortality. It is generally
asymptomatic in immunocompetent hosts or may present
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as a mononucleosis syndrome. Occasionally primary CMV
infection can lead to severe organ specific complications[1,2].
A l t h o u g h t h e s e c a s e s a r e r a r e, g a s t r o i n t e s t i n a l ,
cardiovascular, neurologic, hepatic disorders have been
reported.
L i ve r f u n c t i o n a b n o r m a l i t i e s a r e f r e q u e n t l y
encountered in patients with symptomatic CMV
infection. Subclinical transaminitis is the most common
finding in immunocompetent patients, and elevations
of alkaline phosphatase and total bilir ubin are less
typical [1,3,4] . Pericarditis and myocarditis have been
described in immunocompetent patients with acute CMV
infection [5,6] . We have found only one case reporting
simultaneous infection of liver and myopericardia with
cytomegalovirus[7].
Since symptomatic CMV infection is generally selflimited with complete recovery over a period of days to
weeks, it is difficult to prove whether antiviral therapy has
a significant impact on the clinical outcome.
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TO THE EDITOR
We read with great interest the article, “Non-alcoholic fatty
liver disease may not be a severe disease at presentation
among Asian Indians” by Madan et al[1] in the recent issue
of WJG. Twenty-eight (55%) out of 51 patients with nonalcoholic fatty liver disease (NAFLD) who presented
with abnormal transaminases had histological evidence
of nonalcoholic steatohepatitis (NASH). The majority
of patients had grade 1 [32 (63%)] or grade 2 [16 (31%)]
inflammation and either had no [23 (45%)] fibrosis or stage
[1]
Ⅰ[19 (37%)] fibrosis. None of the patients had cirrhosis .
[1]
We agree with Madan et al that Asian Indians with
NAFLD who present with unexplained increase in
transaminases may have mild disease at presentation
on the basis of similar obser vations made by us [2] .
NAFLD has a spectrum which includes patients with
only steatosis and NASH that can progress to cirrhotic

and hepatocellular carcinoma [3]. Of the 127 NAFLD
patients (July 2001-March 2006) who presented with
raised transaminases for at least 6 mo with negative viral,
autoimmune and metabolic workup analyzed in our study,
43 underwent liver biopsy (Table 1). Only half of them
[22 (51%)] had histological evidence of NASH as defined
by either class Ⅲ [8 (19%)] or class Ⅳ [14 (32%)] NAFLD
according to Matteoni et al[4]. The other 21 (49%) patients
either had classⅠ[2 (5%)] or classⅡ[19 (44%)] disease
not amounting to histological NASH (Table 1). In the 22
patients with histological NASH evaluated as per Brunt et
al[5], the majority had mild to moderate inflammation and
either no fibrosis or stageⅠtoⅡfibrosis. Only 18% patients
had stage Ⅲ fibrosis and none of the patients had cirrhosis
of the liver (Table 1).
The majority of patients studied by us were males
with a mean age of 39.2 ± 10.7 years (Table 2), which is
similar to data shown by Madan et al[1]. In addition to the
mild histological disease at presentation, there are other
differences in NAFLD patients from India and those
from the West[2]. When we used the Asia Pacific criteria[6,7],
even though most of our patients had central obesity [104
(82%)] and were either overweight [27 (21%)] or obese [86
(68%)] they did not have the kind of morbid obesity seen
in patients from the West (Table 2). The mean body weight
and body mass index (BMI) of our patients were 71 kg
and 28.7 kg/m2 respectively, much less than those reported
from the West[8,9], but were similar to the data shown by
Madan et al[1] who also found that the median BMI is 26.7
(range 21.3-32.5) kg/m 2 and the majority of them are
obese (69%) according to the Asian Pacific criteria. When
the ATP Ⅲ criteria with modified waist were used in 81
of our patients to define metabolic syndrome, around
half of them [39 (48%)] had metabolic syndrome, also
less than reported in patients from the West (Table 2)[10].
We attributed low prevalence of metabolic syndrome in
our patients to the lower prevalence of diabetes mellitus
[16 (13%)] and hypertension [13 (10%)] at presentation,
which is similar to the data reported by Madan et al[1] (10%
and 11.8% respectively) in their study. Furthermore, the
low prevalence of metabolic syndrome (20.9%) in the
study of Madan et al[1] could be due to their use of BMI
as a surrogate marker for waist, which may not always be
true. Indians may have a normal BMI with an abnormal
waist which is related to more of central obesity rather
than overall obesity. It is possible that diabetes mellitus
occurs late in the course of this disease when the degree
www.wjgnet.com
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Table 1 Liver histology in 43 patients with nonalcoholic fatty
liver disease (NAFLD), n (%)

Table 2 Clinical and laboratory parameters in 127 patients with
nonalcoholic fatty liver disease (NAFLD)

Class Ⅰ

2 (5)

mean age ± SD (yr)

39.2 ± 10.7

Class Ⅱ

19 (44)

Males

84

Class Ⅲ

8 (19)

Mean body weight (range) (kg)

71 (45-100)

Class Ⅳ

14 (32)

Mean BMI (range) (kg/m2)

28.7 (19-34)

NASH (class Ⅲ + Ⅳ) on histology (n = 22)

Overweight

27 (21%)

Grade 1

10 (45)

Obesity

2

12 (55)

Abnormal waist

Stage

86 (68%)
104 (82%)

3

0

Insulin resistance

48/58 (83%)

0

6 (27)

Diabetes mellitus

16 (13%)

1

7 (32)

Hypertension

13 (10%)

2

5 (23)

Dyslipidemia

67 (53%)

3

4 (18)

Metabolic syndrome

39/81 (48%)

4

0

Perls’ Prussian blue staining on liver
biopsy (n = 30)
0

20 (67)

1+

6 (20)

2+

4 (13)

3+

0

4+

0

of insulin resistance increases and our patients could
represent patients in the early spectrum of NAFLD with
less severe disease and diabetes mellitus at presentation
with raised transaminases. Diabetes mellitus is one of the
risk factors for severe liver disease in NAFLD and absence
of this risk factor in majority of our patients may explain
the mild disease on liver biopsy.
Insulin resistance is very common in patients with
NAFLD irrespective of the methodology used. Eighty
percent of 51 patients in the study by Madan et al[1] had
abnormal homeostasis model assessment for insulin
resistance (HOMA-IR). We found insulin resistance in
all of our 22 patients initially studied by insulin tolerance
test (ITT) and later in 48 (83%) of 58 patients studied by
HOMA-IR (Table 2)[2,11,12].
T hough not studied by Madan et al [1] , another
difference in Indian patients and those from the West is
the presence of serum and liver iron abnormalities and
HFE gene mutations[2,13,14]. Only 4 (5%) of our 87 patients
had abnormal serum ferritin or transferrin saturation and
4 (13%) of 30 patients studied were heterozygotes for
H63D mutation. None of the patients had C282Y HFE
gene mutation. The majority of our patients had negative
Perls’ staining for iron on liver biopsy (Table 1) and there
was no correlation between the iron staining and degree
of necro-inflammation and fibrosis, suggesting that serum
and liver iron and HFE gene mutations play a very little
role in Indian patients with NAFLD[2,13,14].
In conclusion, Indian patients with NAFLD who
present with incidental detection of raised transaminases
representing a part of spectrum of patients with NAFLD
have a milder disease at presentation. Whether NAFLD
in Indian patients is overall mild or overall different from
other parts of the world requires analysis of full spectrum
of NAFLD patients.
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measurement of cell radiosensitivity can detect the highrisk results after exposure to a large dose.
Premature chromosome condensation technique can
quickly and precisely detect radiation-induced chromosome
damage [3-5]. Chromatid breaks are regarded as a good
radiodosimetry, which highly correlates with cell survival
and radiosensitivity[6]. However, they are not a negative
value as described by Wang et al[1]. I recommend her to
further measure them in order to perfect this promising
approach.
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To The Editor
Recently, the paper by Wang et al [1] published in World
Journal of Gastroenterology has given rise to great interest of
many researchers. It is well known that hepatoma is one
of the lethal diseases with a high incidence in the world,
especially in Asia. Radiotherapy is the main treatment
modality of hepatoma in clinical practice. Unfortunately,
intrinsic radiosensitivity of cancer cells is not fully
understood, though a large number of papers on it are
now available. Yang and colleagues[2] have developed the
premature chromosome condensation technique for
clinical radiotherapy of hepatoma. A precise and quick
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Abstract
Liver ischaemic preconditioning (IPC) is known to protect
the liver from the detrimental effects of ischaemicreperfusion injury (IRI), which contributes significantly to
the morbidity and mortality following major liver surgery.
Recent studies have focused on the role of IPC in liver
regeneration, the precise mechanism of which are not
completely understood. This review discusses the current
understanding of the mechanism of liver regeneration
and the role of IPC in this setting. Relevant articles
were reviewed from the published literature using the
Medline database. The search was performed using the
keywords “liver”, “ischaemic reperfusion”, “ischaemic
preconditioning”, “regeneration”, “hepatectomy”
and “transplantation”. The underlying mechanism of
liver regeneration is a complex process involving the
interaction of cytokines, growth factors and the metabolic
demand of the liver. IPC, through various mediators,
promotes liver regeneration by up-regulating growthpromoting factors and suppresses growth-inhibiting
factors as well as damaging stresses. The increased
understanding of the cellular mechanisms involved in
IPC will enable the development of alternative treatment
modalities aimed at promoting liver regeneration
following major liver resection and transplantation.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ischaemic-reperfusion injur y (IRI) is an inevitable
phenomenon that results following major liver surgery,
including partial hepatectomy and liver transplantation.
As a consequence, parenchymal cell injury and liver
dysfunction [1,2] of varied severity leads to significant
morbidity and mortality post-surgery[3-5], in particular, in
patients with liver cirrhosis and steatosis[6-9]. In addition,
IRI significantly impairs liver regeneration following
hepatectomy[10,11].
Due to the inevitability of ischaemia and reperfusion
in liver surgery, various investigators have attempted to
elucidate methods to limit the detrimental effects of
IRI and improve liver function and regeneration of the
remnant liver[12,13]. These include hypothermic perfusion
of the liver [14], intermittent liver inflow occlusion [15,16]
and ischaemic preconditioning (IPC)[17]. Liver IPC is an
endogenous mechanism consisting of a short period of
vascular occlusion followed by reperfusion that renders
the liver more tolerant to subsequent prolonged episodes
of ischaemia. Besides having protective effects on IRI
following major liver resection and transplantation[17-19],
it has been sug gested that IPC is also beneficial in
liver regeneration [20]. This article describes the current
understanding of the liver regeneration cascade as
published and gives a balanced review on the mechanisms
by which IPC influences liver regeneration.

MECHANISMS OF LIVER REGENERATION
Liver regeneration is a complex and multi-factorial process
that is mediated by interactions between regenerative
cytokines, growth factors and metabolic demand of the
liver following surgery and IRI.
The regenerative cytokine network and the priming pathway
During the first few hours following IRI, regenerative
cytokines are produced that render the resting hepatocytes
responsive to growth factors required for cellular division
and proliferation [21,22] . This period is known as the
“priming phase”. Various mediators have been implicated
as possible triggers of the regenerative cytokine network
including gastrointestinal lipopolysaccharide (LPS)[23,24],
Toll-like receptor-myeloid differentiation factor 88 (Myd88)
signaling pathways[25-27], components from the complement
cascade[28], nitric oxide (NO)[29-31] and prostaglandins[32].
Studies have identified tumour necrosis factor-alpha
(TNF-α) and interleukin-6 (IL-6) as important regenerative
cytokines[21,33,34]. Akerman and co-workers showed that
www.wjgnet.com
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Figure 1 Current proposed mechanisms
of the priming pathway of liver regeneration.
IRI: Ischaemic reperfusion injury; LPS:
Lipo-polysaccharide; TLR: Toll-like
receptor; MyD88: Myeloid differentiation
factor 88; NO: Nitric oxide; PG:
Prostaglandins; NPCs: Non-parenchymal
cells; TNF: Tumour necrosis factor; TNFR1:
TNF receptor type I; NF-κB: Nuclear
factor-kappaB; IL-6: Interleukin-6; IL-6
RC: IL-6 receptor complex; ERK-1/2:
Extracellular regulated kinases 1/2;
STAT-3: Signal transducer and activator
of transcription-3.

TNF
TNFR1

Activation of multiple
regenerative genes

TNF

anti-TNF antibodies led to delayed DNA synthesis in the
regenerating rat liver and inhibited the increase in IL-6
levels following partial hepatectomy[35]. The initiation of
liver growth by TNF-α was shown to be dependent on
its binding to TNF-receptor type 1 (TNF-R1) [36]. Mice
deficient of TNF-R1 exhibited a delay in liver regeneration
and increased mor tality following liver resection,
which was subsequently reversed by recombinant IL-6
injection [37]. However, IL-6 lacking mice demonstrated
impaired liver regeneration despite the presence of
TNF-α, suggesting that TNF-R1 signaling results in the
release of IL-6[38]. IL-6 deficient mice not only showed
impaired ability to regenerate, but also had increased IRI
following liver resection[39]. However, Wuestefeld et al[40]
reported that mice deficient in IL-6 and its common
signal transducer, glycoprotein 130 (gp130) had no defects
in DNA replication following partial hepatectomy. The
groups of Zimmers and Blindenbacher have suggested
that the levels of serum IL-6 present following liver
resection in mice are critical in modulating its regenerative
effects[41,42]. This may account for the difference in results
observed in studies attempting to determine the effect of
IL-6 in liver regeneration. It has been suggested that other
mediators such as stem cell factor and oncostatin M may
play a role in enhancing the effects of IL-6 on hepatocyte
regeneration[43-45].
Non-parenchymal liver cells [Kupffer cells and
sinusoidal endothelial cells (SECs)] are involved in
the priming phase (Figure 1) [46]. Following stimulation
from cytokine triggering mechanisms, TNF-α binds to
TNF-R1 on non-parenchymal liver cells and stimulates
the production of IL-6 [47] , via the activation of the
transcription factor nuclear factor-kappa B (NF-κB)[48-50].
Ping and colleagues demonstrated that the secretion of
regenerative cytokines, such as IL-6 by rat liver SECs
was mediated by the phosphatidylinositol 3-kinase (PI
3-kinase)/Akt signaling pathway[51], via NF-κB activation[50].
The transcription factor NF-κB is also known to be an
important component of pro-survival cellular signaling

www.wjgnet.com

responses, and hence its activation will not only stimulate
IL-6 production but also activate survival genes[52,53].
IL-6 acts directly on hepatocytes by binding to the IL-6
receptor complex and induces the translocation of signal
transducer and activator of transcription-3 (STAT-3) to
the nucleus. This initiates a cascade of events that leads to
progression of the cell cycle, culminating in the synthesis
of DNA and subsequent cellular mitosis[54,55].
Growth factors and growth-factor signaling systems in
liver regeneration
Following this priming phase, cell cycle progression is then
dependent on growth factors, such as hepatocyte growth
factor (HGF), transforming growth factor-alpha (TGF-α)
and epidermal growth factor (EGF)[56,57]. The two main
growth-promoting signaling systems involved in liver
regeneration are the HGF and its receptor (Met) and the
epidermal growth factor receptor (EGFR) and its relatively
large family of ligands. The effect of growth factors and
their corresponding signaling systems may be dependent
on the metabolic state of the hepatocytes and the presence
or absence of other effectors[58].
HGF is produced by non-parenchymal cells of the rat
liver following liver injury[59-61] and partial hepatectomy[62],
and acts on its receptor on hepatocytes. Several authors
have demonstrated that HGF is crucial in promoting liver
regeneration following partial hepatectomy and transplantation in animal models[63-67]. HGF administration to
recipients of reduced-size liver grafts in rats illustrated
early regeneration and provided hepatoprotection against
rejection-related injuries[64,68,69]. These essential signals are
regulated by HGF, via c-met, the gene on the HGF-receptor.
EGF is mainly produced in the salivary glands in rodents and plays an important role in hepatocyte proliferation by binding to the EGFR on hepatocytes[57]. Sialoadenectomy-induced decrease in circulating EGF in mice and
rat models resulted in impaired liver regeneration following
partial hepatectomy, which was reversed by the administration of EGF[70,71]. In addition, combined administration of
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Figure 2 Potentiation of growth factor
signaling pathways involved in cell cycle
progression in liver regeneration. NPCs:
Non-parenchymal cells; HGF: Hepatocyte
growth factor; EGF: Epidermal growth
factor; TGF- α : Transforming growth
factor-α; EGFR: Epidermal growth factor
receptor; ERK-1/2: Extracellular regulated
kinases 1/2; JNK: c-jun-NH2-terminal
kinase; PI 3K/Akt: Phosphatidylinositol
3-kinase/Akt-signal pathway.
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EGF and insulin increases the DNA synthesis following
liver resection in cirrhotic rats[72]. Results from these studies suggest that EGF has a direct effect on hepatocyte proliferation.
TGF-α is produced in non-parenchymal cells, mainly
the Kupffer cells. Mead and Fausto demonstrated that
TGF-α may function as a physiological inducer of hepatocyte DNA synthesis during liver regeneration by an autocrine mechanism by binding to EGFR in both rat and
culture models[73]. Besides TGF-α, there are many ligands
for EGFR, including EGF, amphiregulin, heparin-binding
EGF-like growth factor (HB-EGF) and epiregulin [57].
Although TGF-α expression increases following partial
hepatectomy in mice, TGF-α lacking mice do not display
diminished liver regeneration[74,75]. This may be due to the
fact that ligands such as EGF can also stimulate EGFR
and activate common intracellular growth signaling pathways. Studies have shown that other growth factors, such
as HB-EGF [50,76,77], amphiregulin [78], insulin and glucagon[79,80] may also play a role in liver regeneration.
Although these two growth-promoting signaling systems are largely independent, some integration may exist.
Scheving et al[81] demonstrated that EGFR kinase inhibition
by PKI166 (selective, potent inhibitor of EGFR kinase)
blocked the mitogenic effects of HGF in cultured rat hepatocytes, suggesting EGFR may regulate HGF-mediated
hepatocyte proliferation. Nevertheless, various regenerative pathways are initiated by HGF/c-met and the EGFR
signaling mechanisms (Figure 2), which include the activation of mitogen-activated protein kinases (MAPKs), such
as extracellular signal-regulated kinases 1 and 2 (ERK-1/2;
aka p42/44 MAPKs), c-jun-NH2-terminal kinases 1 and
2 (JNK-1/2; aka p46/p54 SAPK) and p38 MAPKs. Collectively, these MAPKs have been shown to play essential
roles in cell growth, transformation differentiation and
apoptosis[82-84].
ERK-1/2 activation has been shown to correlate with
hepatocyte proliferation in animal studies and in vitro models[85-87]. Besides being responsive to growth factor signals,
studies have demonstrated that ERK-1/2 activity can also
be induced by cytokines such as TNF-α[88]. Hence, the

Hepatocyte growth and proliferation

ERK-1/2 may be a signaling pathway that integrates both
growth factor and cytokine signaling. Serandour et al[89]
demonstrated that a combination of EGF and TNF-α induced hepatocyte proliferation by 30%, compared to EGF
alone in a hepatocyte-liver epithelial cell co-culture model.
This study suggested that TNF-α mediated extracellular
matrix remodeling was required for continued hepatocyte replication and proliferation. Hence, this study reiterates the importance of the interaction of cytokines and
growth factors in the liver regeneration cascade. Although
ERK-1/2 has been identified to have a key role in hepatocyte growth, inhibition of ERK-1/2 does not significantly alter proliferation of regenerating rat hepatocytes.
However, inhibition of p38 MAPKs results in decreased
DNA synthesis, suggesting that p38 MAPKs activation
is prerequisite for hepatocyte proliferation[90]. JNK-1 and
p38 MAPKs are involved in the regulatory control of
the induction of nuclear proteins, such as cyclin D1. The
activation of cyclin D1 is one of the earliest steps in the
pathway of resting cells to enter the pre-replicative phase
of the cell cycle.
Metabolic demand of the liver
The increased metabolic demand imposed on the remnant
liver following partial hepatectomy are likely to be interconnected with the activation of the mechanisms involved
in DNA replication to sustain liver function. This is likely
to be dependent on energy levels and nutrient availability.
Mitochondria are the predominant source of the high
energy phosphates that are essential for energy-dependent
processes in cells. Mitochondrial activity has been shown
to be correlated with the recovery of liver function and
subsequent regeneration[91,92]. Maruyama et al[93] showed
the recovery of liver weight following hepatectomy was
proportional to the energy (ATP) levels of the remnant
liver in rats.
Amino acid deprivation has been shown to inhibit
the regeneration process in rat livers following liver
resection[94]. Nelsen et al[95] showed that selective amino
acid deprivation in culture and protein deprivation in
mice impaired hepatocyte cyclin D1 expression and that
www.wjgnet.com
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transfection of cyclin D1 promoted cell cycle progression
under these conditions. Hence, amino acids regulate
hepatocyte proliferation via cyclin D1.
The absence of bile acids in the intestine has been
shown to delay liver regeneration following partial
hepatectomy in rats[96]. Following liver surgery or injury,
bile flow is stimulated[97] which results in the release of bile
from the gallbladder and its return through the enterohepatic circulation exposes the remnant hepatocytes to
an increase in relative bile acid flux. This early phase of
bile acid overload and subsequent bile acid signaling is
necessary for normal liver regeneration. However, liverspecific functions such as synthesis of clotting factors and
albumin and the continuous formation of bile are impaired
following partial hepatectomy and results in transient
cholestasis[98]. The formation of bile is dependent on the
active secretion of bile salts and other biliary constituents
into the bile canaliculus by specific bile acid and organic
anion transporters[99]. Gerloff et al[100] demonstrated that
the expression of two ATP-dependent transporters [bile
salt acid pump (Bsep) and multi-organic anion transporter
(Mrp2)] was unchanged or slightly increased following
partial hepatectomy in rats and this provided a potential
mechanism by which the regenerating liver cells maintained
or increased bile secretion. The authors in this study also
suggested that the down-regulation of certain transporters
[sodium-taurocholate cotransporter (Ntcp) and organic
anion transporting polypeptides (Oatp1 and Oatp2)]
could be a protective mechanism against the potentially
hepatotoxic bile salts[100]. The differential regulation of
hepatobiliary transporters during the regeneration process
are likely to be mediated by cytokines such as TNF-α[101].
Recently, Huang et al[102] showed that bile acid activation of
nuclear receptor-dependent signaling pathways regulated
the regeneration process by sensing the liver’s functional
capacity following partial hepatectomy in mice. When
inadequate function causes bile acids to build up, the
resultant nuclear receptors activation not only induces
negative feedback pathways that protect hepatocytes from
bile acid toxicity but also increases the capacity of the liver
to manage the overload by promoting liver growth[102].
Results from recent studies have implicated the
mammalian target of rapamycin (mTOR) complex as
a sensor of nutrient-energy levels and its downstream
mediators, such as p70 S6 kinase, are thought to regulate
protein translation and cell growth[103,104]. Inhibition of
the mTOR complex leads to diminish DNA replication
following partial hepatectomy in mice and rat models[105,106].
The activity of p70 S6 kinase has been shown to increase
following partial hepatectomy [106] and mice lacking
the S6 kinase demonstrated diminished hepatocyte
proliferation [107]. Hence, energy is required for energydependent signaling pathways and processing the available
nutrients for the regeneration process to proceed.

ISCHAEMIC PRECONDITIONING IN LIVER
REGENERATION
Since IPC was first described by Murry et al [108] , this
strategy has been developed more widely and is currently
www.wjgnet.com
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practiced in major liver surgery in several centers. The
mechanism of IPC is thought to be divided into two
phases; early (classical/acute) pre-conditioning and delayed
pre-conditioning. The hepatoprotective effects of early
preconditioning occur within minutes after reperfusion and
are maintained for 1 to 2 h[109]. This phase is thought to be
mediated by pre-existing substances. The “second window
of protection”, delayed pre-conditioning, re-appears 24 to
72 h following IPC. The underlying mechanism is thought
to rely on the modification of gene expression resulting in
protein production as its effectors[110]. Various substances
have been implicated as key effectors in liver IPC including
adenosine[111-114], protein kinase C[115-117], NO[118-121], heatshock proteins [122,123], tyrosine kinases [124], MAPKs [117],
oxidative stress[125,126] and NF-κB[127,128].
The beneficial effects of IPC on the liver following
IRI include decrease in severity of liver necrosis[129], antiapoptotic effects[130], preservation of liver microcirculation[131,132] and improvement in survival rate[119], and more
recently, its role in liver regeneration is currently being
evaluated. For IPC to influence liver regeneration, its key
effectors must be involved in either promoting or upregulating mediators that are involved in the regeneration
cascade or exert an inhibitory effect on growth-inhibitory
factors of liver regeneration or vice versa (Figure 3).
Up-regulation of the regenerative cytokine network
Tumour necrosis factor-alpha and interleukin-6:
The initiation of the regenerative response is dependent
on the early activation of TNF- α and IL-6 responsive
transcription factors[38,54]. Studies evaluating the effect of
IPC in stimulating the release of TNF-α and IL-6 have
produced conflicting findings. Tsuyama et al[133] reported
that IPC prolonged survival, suppressed liver necrosis
induced by IRI and inhibited the release of TNF-α at 1
h, and IL-6 at 2 and 5 h of the reperfusion phase in mice.
IPC has also been shown to reduce TNF-α production in
normothermic and cold ischaemic conditions[125,134,135].
In contrast, Bedirli and others demonstrated that
IPC inhibited the production of TNF-α, but not IL-6
during the late (24 and 48 h) phases of reperfusion in rats
following partial hepatectomy[136]. This study suggested
that IL-6 is an important mediator in IPC-treated rats
in promoting hepatocyte proliferation following liver
resection [136]. Using a TNF gene-deleted mice model,
Teoh et al[137] demonstrated that pre-treatment with low
dose IL-6 prior to hepatic ischaemia conferred equivalent
hepatoprotection and earlier cell cycle entry as IPC
compared to non-IPC-treated mice at 2 h of reperfusion.
Taken together, these studies emphasize the importance of
IL-6 as a hepatoprotective and pro-proliferative mediator
during the early and late phases of reperfusion following
IRI. Although IPC attenuates the late onset prolonged
release of TNF-α (up to 44 h) that mediates liver IRI in
rats[138,139] and mice[140], IPC itself is associated with the
early increase (10 min) in liver and serum TNF-α following
hepatic ischaemia[140]. Injection of low dose TNF-α 30 min
prior to liver ischaemia conferred similar hepatoprotection
as IPC [140]. Both IPC and pre-treatment with low dose
TNF-α injection were shown to stimulate earlier and more
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Figure 3 The effect of ischaemic
preconditioning and its effectors on the
signaling pathways of liver regeneration.
TK: Tyrosine kinase; PKC: Protein
kinase C; NF-κB: Nuclear factor-kappaB;
IκBα: Inhibitory binding protein for NFκ B; ERK-1/2: Extracellular regulated
kinases 1/2; HSPs: Heat shock proteins;
NO: Nitric oxide; IL1-RA: Interleukin-1
receptor antagonist; HGF: Hepatocyte
growth factor; ROS: Reactive oxygen
species; PI 3K/Akt: Phosphatidylinositol
3-kinase/Akt-signal pathway; JNK: c-junNH2-terminal kinase; C-D1: Cyclin D1;
IL-1: Interleukin-1; TGF-β: Transforming
growth factor-β.

Liver regeneration

vigorous cell cycle entry following liver IRI compared
to naïve mice during the first 24 h of the reperfusion
period[140].
The differences reported among studies investigating
the influence of IPC on the regenerative cytokine network
may be related to the differences in experimental models
and protocols employed. In addition, both TNF-α and
IL-6 are known to be important components in other
cellular signaling responses. For example, high levels of
serum TNF-α following liver ischaemia in rats is thought
to mediate liver IRI[138,139]. Investigators have suggested
that the mechanism of action of IL-6 in promoting liver
regeneration appear to be separate from those involved
in the modulation of IRI [39,141]. The hepatoprotective
mechanisms against IRI may involve the anti-inflammatory
properties of IL-6 and the down regulation of TNF-α
production [39,142,143]. This could potentially explain the
differences in results obtained.
Nevertheless, the influence of IPC in promoting the
early release of TNF- α and the up regulation of IL-6
during the reperfusion phase, and subsequent modulation
of the hepatocellular proliferation process should not
be discounted. In addition, these conflicting results may
indicate that IPC can potentiate hepatocyte proliferation
via at least two different pathways; liver regeneration via a
TNF-α/IL-6-dependent pathway and a mitogen-induced
proliferative pathway that does not require TNF- α or
IL-6[144,145].
Down-regulation of inhibitory mediators of liver
regeneration
Hepatocyte growth is controlled by a balance of both
growth-promoting and growth-inhibiting factors [65,146].
While those cytokines and pathways previously described
promote liver regeneration following liver resection, there
are various mediators that are involved directly or indirectly
in inhibiting the liver regeneration process.
Interleukin-1 and transforming growth factor-beta
as inhibitors of liver regeneration: IL-1 is a mediator
of acute inflammation [147] and is a significant down-

regulator of hepatocyte proliferation [148]. IL-1 β delays
and inhibits hepatocyte proliferation in both culture
models[149] and following partial hepatectomy in rats[148].
Other investigators have implicated IL-1α as a mediator
of IRI and an inhibitor of liver regeneration[150]. Besides
antagonizing the stimulatory effects of growth factors
such as HGF [150] , IL-1 strongly inhibits hepatocyte
DNA synthesis leading to impaired liver regeneration in
primary culture models[149]. TGF-β is another inhibitor
of hepatocyte DNA synthesis[151-153] and antagonizes the
stimulatory effects of HGF during liver regeneration in
both in vitro and experimental hepatectomy models[152,154].
This anti-regenerative effect of TGF- β is thought to
be modulated by the induction of oxidative stress in
hepatocytes[155,156].
Results from several studies have suggested that IPC
antagonizes the effects of these inhibitory cytokines.
Previous studies have shown that the release of IL-1 is
potentially influenced by NO during IRI in a variety of cell
types[157-159]. In IPC-treated rats that underwent reduced
size liver transplantation, an increase in IL-1α levels were
noted following NO synthesis inhibition[150]. This practice
abolished the benefits of IPC on hepatic IRI, oxidative
stress and liver regeneration [3,150] . Further more, the
detrimental effects of NO inhibition were not observed
when rats subjected to this treatment were subsequently
treated with an IL-1 receptor antagonist (IL-1-RA)[150].
IL-1α has also been shown to be involved in pulmonary
injury following liver IRI. IPC mediated by NO, reduced
IL-1α release and protected against pulmonary damage[160].
Data from these studies sug gests that IPC, through
increased NO availability, inhibits the release of IL-1,
thereby protecting the liver graft and the lungs against
liver IRI and preventing inhibition of liver regeneration.
Hence, one proposed mechanism by which IPC promotes
liver regeneration is by inhibiting the release of growthinhibitory cytokines from Kupffer cells, such as IL-1,
which is dependent on up-regulation of the NO pathway.
The mechanism by which IPC inhibits IL-1 production
may also be related to the induction of intracellular
www.wjgnet.com
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stress proteins [161,162] , such as heat shock protein 70
(HSP 70). IPC induces over-expression of HSP 70 in
isolated hepatocytes[163], and reduces liver IL-1 synthesis
under normothermic conditions [164]. Besides expressing
cytoprotective effects[165,166], HSP induction leads to the
down-regulation of IL-1 synthesis in pancreatic[161,167] and
lung[162,168] cell studies. The induction of HSP mediated
by IPC may be independent of the NO pathway as the
increase in HSP by IPC was not modified when NO
synthesis was inhibited [150]. These results suggest that
IPC potentiates the overexpression of HSP, via an NO
independent pathway, leading to hepato-protection against
IRI and ameliorates liver regeneration due to decrease
inhibitor production.
Another proposed mechanism by which IPC promotes
liver regeneration could be due to the stimulation of
IL-1-RA. IL-1-RA is an acute phase protein that has
been shown to inhibit the effects of IL-1α and IL-1β
by competing for typeⅠand type Ⅱ IL-1 receptors[169].
This leads to a decrease in the inflammatory response[169]
and abrogates liver IRI in vivo [170] . A recent study on
gene expression profiling on patients undergoing partial
hepatectomy revealed that IPC stimulated the expression
of the IL-1-RA gene [171]. Hence, liver over-expression
of IL-1-RA following IPC directly inhibits the effect of
high IL-1 concentrations induced by IRI and results in
reduced liver injury and necrosis[171]. Although no study
has formally assessed the effect of IL-1-RA on markers
of liver regeneration, IL-1-RA could be indirectly involved
in the regeneration process by antagonizing the inhibitory
effects of IL-1 on hepatocyte proliferation.
Inhibitory binding protein for NF-κB (IκB-α) and
NF-κB activity: The transcriptional activities of NFκ B are tightly controlled by its inhibitory proteins,
especially I κ B- α [172] . The phosphophor ylation and
subsequent degradation of IκB-α leads to the liberation
of NF- κ B proteins allowing binding to a variety of
promoters and trig gers gene expression. Data from
studies examining the role of NF-κB as an effector of
IPC have demonstrated conflicting results. IPC facilitated
the activation of transcription factor NF-κB in an in vivo
murine model, and this was parallel to the degradation
of its inhibitory protein, I κ B- α [173]. Ricciardi and coworkers found that IPC increased IκB-α phosphorylation
and NF- κ B concentration prior to cold ischemia in
pig liver grafts. Data from this study suggested that
the underlying mechanism involved was related to the
activation of second messengers of tyrosine kinase[127].
Another proposed mechanism for NF-κB activation and
degradation of IκB-α could be mediated by TNF-α. The
release of TNF-α by IPC and pre-treatment with lowdose TNF-α was shown to increase IκB-α degradation
and increase NF-κB DNA binding in a mouse model[140].
However, Li et al [174] observed that IPC inhibited the
activity of the transcription factor NF-κB during the early
reperfusion phase (1 and 2 h), and this was accompanied
by diminished TNF-α expression and reduced IRI in liver
transplantation rat model.
One explanation for this contradictory evidence might
be the different experimental models and methodology
used. Nevertheless, these results indicate that IPC does
www.wjgnet.com
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attenuate the nuclear levels of the transcription factor NFκB. It is possible that other mediators may have an effect
in determining the increase or inhibition of NF-κB activity
and its corresponding cellular signaling responses.
Increased production of growth factors
Hepatocyte growth factor (HGF): Franco-Gou et al[175]
demonstrated an increase in both liver and plasma HGF
levels following IPC in reduced size liver transplantation
rat model, and this was associated with an increase in
hepatocyte proliferation. The modulation of HGF levels
by IPC could be mediated by the generation of NO
and its effect on TGF-β and HGF concentrations. IPC
reduced the levels of TGF-β with an associated increase
in HGF levels [150]. Similar results were seen with NO
preconditioning treatment [150]. This suggests that IPC
reduced TGF-β levels with a parallel increase in HGF and
subsequent hepatocyte proliferation, possibly mediated by
NO.
H G F m ay a l s o e x h i b i t t h e a b i l i t y t o p r omote
hepatocyte survival. In a liver IRI rat model, pre-treatment
with HGF inhibited the production of reactive oxygen
species and its damaging effects[176]. Similar results were
observed in a hypoxia-reoxygenation-induced oxidative
stress model in hepatocytes[177]. These results suggest that
the anti-apoptotic effect of HGF could pave the way for
hepatocyte proliferation following IRI.
Activation of downstream mitogen-activated protein
kinases (MAPKs)
Extracellular signal-regulated kinases 1 and 2
(ERK-1/2): ERK-1/2 is predominantly activated by
growth-promoting factors. Studies have shown that protein
kinase C plays a pivotal role in the activation of ERK-1/2
signaling pathway[163,178] that participates in the preservation
of hepatocytes[163]. A number of reports have indicated
that protein kinase C was critical for the development of
IPC in rat, rabbit and human myocardiocytes[179,180]. Gao
and associates showed that the activation of protein kinase
C and its downstream ERK-1/2 mediators were increased
in IPC-treated in vivo and in vitro models[163]. Data from this
study also suggested that the expression of HSP70 was
reduced and the protective effect of IPC was diminished
when ERK-1/2 activity was reduced by a MAPK inhibitor
(PD-98059). HSP70 expression and the cytoprotective
effect of IPC were also reduced by a protein kinase C
inhibitor (chelerythrine) in both in vitro and in vivo settings.
Hence, this suggests that IPC increased the activation of
ERK-1/2, via protein kinase C. The increased activation
of protein kinase C-dependent ERK-1/2 by IPC may also
increase the expression of HSP70. The up-regulation of
ERK-1/2 by IPC may help in promoting liver regeneration
in both the priming phase and growth factor signaling
pathways.
p38 mitogen-activated protein kinases and c-junNH2-ter minal kinase 1: Both p38 MAPKs and
JNK-1 are known to modulate proliferative or apoptotic
signaling pathways[181]. The activation of MAPKs and its
corresponding downstream signaling pathway is regulated
by specific stimuli and is also dependent on cell type. The
co-activation of NF- κ B protects the hepatocyte from
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apoptosis and is involved in the priming of hepatocytes to
enter the cell cycle[22,182].
Carini and co-investigators demonstrated that hypoxic
preconditioning activated the p38 signaling pathway in rat
hepatocytes subjected to hypoxia-re-oxygenation injury
in vitro[117]. Teoh et al[173] demonstrated that proliferating
hepatocytes were identified earlier in IPC-treated livers
in a murine model of partial liver ischaemia, and this
corresponded with the earlier activation and sustained
maintenance of p38 and JNK-1. This suggests that IPC
stimulus could prime quiescent hepatocytes to enter the
cell cycle early, hence, setting up a regenerative response to
compensate for hepatocyte injury by IRI.
Activation of survival and proliferative pathways
Phosphatidylinositol 3-kinase (PI 3-kinase)/Akt
signaling pathway: The activation of the PI 3-kinase/
Akt cascade has been shown to have a positive impact on
cell survival and proliferation[183-186], inhibition of apoptosis
and encourage the uptake of glucose and amino acids
following stimulation by various growth-promoting factors
in certain cells[187-189]. Data from the Izuishi group showed
significant Akt activation following IPC in an in vivo
model and suggested that this might contribute to the up
regulation of glucose and amino acid transport after IRI
required for liver regeneration[190].
Activation of nuclear proteins
Cyclin D1: Cyclin and cyclin-dependent kinases are
involved in cell cycle regulation[191], in particular, the D
group cyclins[192]. Cyclin D1 is a nuclear protein required
for cell cycle progression in the G 1 phase [192-194] , and
controls hepatocyte proliferation[195]. IPC-treated livers
showed earlier expression of cyclin D1 protein that
corresponded with enhanced entry of hepatocytes into the
cell cycle[173]. Cai and co-workers demonstrated that IPC
stimulated cyclin D1 mRNA and protein expression during
the early reperfusion phase in IPC-treated rat livers[196]. The
early production of cyclin D1 could be mediated by the
activation of the p38 MAPK pathway[182]. The cyclin D1
promoter region includes binding sites for NF-κB[197] and
NF-κB activation is evident in hepatocytes during the early
phase of regeneration following partial hepatectomy[48,198].
There is a close link between the activation of NF-κB by
degradation of IκB-α cyclin D1 activation and cell cycle
progression. IPC can modulate these transcription factors
and increase cell proliferation, which is possibly one of the
protective mechanisms against IRI.
Energy metabolism
Results obtained from an experimental model of 70%
hepatectomy indicated that liver regeneration was closely
correlated to the ATP levels of the liver remnant [93].
Studies have shown that IPC in normothermic conditions
preserved the adenine nucleotide pool[199,200] and this is
thought to be a consequence of the down regulation of
cellular metabolism[199,201]. In a rat model of hypothermic
transplant preservation injury, hepatocytes exposed to
IPC had higher ATP concentrations and increased protein
synthesis[202]. This improvement in energy metabolism is
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thought to contribute to hepatocyte viability following
IRI [202] . Besides improvement in energy metabolism,
Yoshizumi et al[203] also demonstrated an increase in bile
production in IPC-treated rats. However, Franco-Gou and
colleagues demonstrated similar energy metabolism (ATP,
adenine nucleotides, ATP/ADP ratio and energy charge) in
the IPC- and non-IPC-treated rat livers[175]. The difference
in results obtained could be related to the difference in
experimental models used. However, the role of IPC in
modulating liver energy metabolism, which involves the
preservation of ATP should not be discounted.

CLINICAL IMPLICATIONS OF ISCHAEMIC
PRECONDITIONING IN LIVER SURGERY
The use of IPC as a surgical strateg y to limit the
detrimental effects of IRI during liver surgery has been
extensively researched. Encouraging findings in animal
studies in both warm ischaemia[203] and transplantation
models[119], led to the first human trial which demonstrated
that IPC reduced the severity of post-operative liver injury
as well as alleviating endothelial cell injury [17]. Further
human liver resection studies have shown that IPC reduces
post-operative serum aminotransferase levels in both
steatotic [204] and cirrhotic [205] livers and improves postreperfusion haemodynamic stability[206] (Table 1). Although
IPC is protective against IRI[207,208], it did not influence the
morbidity and mortality rates in human studies[204,209,210]. In
the transplant setting, Jassem et al[211] reported lower serum
aminotransferase levels and shorter intensive care stay in
IPC-treated cadaveric donor allografts. Other studies have
not shown IPC to be beneficial in terms of graft function.
Azoulay et al [212] found that although IPC protected
cadaveric liver grafts against IRI, this beneficial effect was
counter-balanced by decreased early graft function. Cescon
and colleagues demonstrated similar protective effects
against IRI, but IPC showed no clinical benefit (primary
graft function and survival rates) in liver transplantation
from deceased donors[213]. Although gaining popularity, the
incongruous evidence of the clinical effects of IPC has
precluded its widespread adoption in liver transplantation
units.
Following major liver resection and IRI, the ability of
the liver to regenerate is crucial to maintain liver function.
This also has implication in live donor orthotopic liver
transplantation and transplantation of segmental liver
grafts. Since Yamada and co-workers first demonstrated
that IPC significantly increased the regenerative capacity
of the remaining hepatocytes in a rat model of IRI [20],
various investigators have attempted to elucidate the role
of IPC on liver regeneration using both culture and animal
model studies as described above. At present, although
there is no clinical trial published on the effect of IPC on
liver regeneration, there are studies evaluating methods of
monitoring liver regeneration. Special radiological imaging
techniques currently available not only show volume of
regeneration, but also determine functional ability of the
remnant and regenerated liver[214,215]. This is another step
towards assessing the role of IPC in liver regeneration in
the clinical scenario.
www.wjgnet.com
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Table 1 Previous published human studies on the results of ischaemic preconditioning following liver resection and transplantation
Study group

1

2

IPC

Parameters assessed

Outcome of IPC

Clavien et al
(2000)

24 (12)

10I + 10R IPC and control (TI: 30)

PT, Bilirubin, ALT, AST,
Histology, Caspase-3 and
8 activity, SEC apoptosis,
Blood loss, Transfusion,
ITU stay, LOS

Protective against IRI
Beneficial in patients
with steatosis

Clavien et al[204]
(2003)

100 (50) Liver
resection

10I + 10R IPC (TI: 36 ± 5.9, Op: 225 ± 73),
Control (TI: 35 ± 6.8, Op: 240 ± 92)

PT, Bilirubin, ALT, AST,
Histology, Hepatic ATP,
Blood loss, Transfusion,
ITU stay, LOS

Protective against IRI
Beneficial in younger
patients, those with
steatosis and longer
periods of occlusion

Li et al[205]
(2004)

29 (14)

Liver
resection

5I + 5R

Bilirubin, ALT, AST,
Histology, Caspase-3 activity,
SEC apoptosis, LOS

Protective against IRI,
mainly HCC patients
with cirrhosis
Shorter hospital stay

Nuzzo et al[209]
(2004)

42 (21)

Liver
resection

10I + 10R IPC (TI: 54 ± 19, Op: 321 ± 92),
Control (TI: 36 ± 14, Op: 339 ± 112)

PT, Bilirubin, ALT, AST,
Transfusion, Morbidity,
Mortality

Reduces operative bleeding
Protective against IRI

Chouker et al[206] 68 (22)
(2004)

Liver
resection

10I + 10R IPC (TI: 32 ± 6.3, Op: 251 ± 46),
Control without PR (TI: NA, Op: 52 ± 30),
Control with PR (TI: 35 ± 11, Op: 257 ± 83)

ALT, AST, Fluid loss,
Transfusion, 4Cardiovascular
status

Protective against IRI
Improves haemodynamic
stability

Chouker et al[207] 75 (25)
(2005)

Liver
resection

10I + 10R IPC (TI: 35.5 ± 2.7, LR: 32.2 ± 2.0),
Control without PR (TI: NA, LR: 39 ± 4.5),
Control with PR (TI: 35.6 ± 2.6, LR: 33.2 ± 2.3)

IL-6, IL-8, Cytochrome c,
Adhesion molecules
[B2-integrins (CD18)],
Histology (neutrophil
infiltration)

Protective against IRI
by attenuating
neutrophil activation
and IL-8 release

Chouker et al[208] 73 (25)
(2005)

Liver
resection

10I + 10R IPC (TI: 35.12 ± 13.6, LR: 31.50 ± 9.1),
PT, ALT, AST, α-GST
Control without PR (TI: NA, LR: 34.77 ± 16.5),
Control with PR (TI: 34.2 ± 10.9, LR: 32.13 ± 10)

Koneru et al[210]
(2005)

Transplant 5I + 5R

62 (34)

Liver
resection

Ischaemia and reperfusion time (min)

3

Sample Surgery

[17]

IPC (TI: 18 ± 3.6, Op: 191.3 ± 74.9),
Control (TI: 17.4 ± 2.3, Op: 208.2 ± 45.3)

IPC (CI: 384 ± 92, WI: 41 ± 5.8),
Control (CI: 415 ± 87, WI: 37 ± 5.6)

Protective against IRI
Prevented early rise
of α-GST

INR, Bilirubin, ALT, AST,
Histology (apoptosis,
hepatocyte swelling),
LOS, Survival (6 mo)

No beneficial effect

Azoulay et al[212] 91 (46)
(2005)

Transplant 10I + 10R IPC (CI: 436 ± 116, Op: 441 ± 119),
Control (CI: 461 ± 96, Op: 462 ± 98)

PT, Bilirubin, ALT, AST,
Histology, Graft function,
Morbidity, Mortality

Better ischaemic tolerance
Decreased early
graft function

Jassem et al[211]
(2005)

23 (9)

Transplant 10I + 10R IPC (CI: 620 ± 190, WI: 43.9 ± 13),
Control (CI: 665 ± 280, WI: 40.4 ± 9)

AST, INR, Lactate, ITU stay,
Histology (neutrophil
infiltration, platelet
deposition), Graft function

Protective against IRI
Reduces inflammatory
response
Shorter ITU stay

Cescon et al[213]
(2006)

47 (23)

Transplant 10I + 15R 5IPC [TI: 388 (259-830), Op: 440 (225-725)],
PT, Bilirubin, ALT, AST,
Control [TI: 383 (279-695), Op: 465 (280-1015)] Histology (neutrophil,
lymphocyte infiltration, iNOS,
apoptosis), Graft function,
Survival (1 yr)

Protective against IRI
No clinical benefit

1

Patients stated in brackets are the number of patients who had ischaemic preconditioning treatment; 2IPC was performed by portal triad clamping in all
these studies; 3Ischaemia and operative times are presented as mean ± SD unless otherwise stated; 4Cardiovascular status refers to mean arterial pressure,
central venous pressure, heart rate, stroke volume index, systemic vascular resistance index, fluid infusion and catecholamines requirements; 5Ischaemia and
reperfusion times in this study were presented as median (range). I: Ischaemia; R: Reperfusion; IPC: Ischaemic preconditioning group; PR: Pringle maneuver;
TI: Total ischaemia time; CI: Cold ischaemia time; WI: Warm ischaemia time; Op: Total operative time; LR: Liver resection time; ITU: Intensive therapy unit;
LOS: Length of hospital stay; PT: Pro-thrombin time; INR: International normalized ratio of pro-thrombin time; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; α-GST: Alpha-Gluthathione S-Transferase; iNOS: Inducible form of nitric oxide synthase; ATP: Adenosine triphosphate; HCC: Hepatocellular
carcinoma; IL: Interleukin; SEC: Sinusoidal endothelial cell; IRI: Ischaemia-reperfusion injury.

With the increasing laboratory evidence of protection
against IRI and improved liver regeneration by IPC,
several aspects of this strateg y could be developed
pharmacologically that may be more clinical applicable
than IPC itself. T his is especially in cases with a
background of chemotherapy-induced steatohepatitis[216]
and cirrhosis [217,218] . Phar macologic agents targeting
mediators of IPC that can be potentially developed include
HGF, IL-6 and IL-1-RA. However, several issues such as
the timing of administration of these agents, therapeutic
doses and immunological response of the recipient need to
be determined. Further understanding of the mechanistic
pathways of IPC may pave the way for the development
of these agents that are capable of conferring protection
against IRI and promote liver regeneration.

CONCLUSION
www.wjgnet.com

Liver regeneration is of clinical significance in view of
the increasing number of major liver resections and the
increasing use of marginal donor liver and split-liver
allografts for transplantation. Successful patient outcome
often depends on liver regeneration, particularly in patients
with cirrhotic and steatotic livers. Regeneration of the liver
following IRI and major liver surgery is a complex process
that involves the integration of a network of cytokines,
growth factors, kinases, transcription factors and metabolic
demands of the liver.
In comparison with the evidence available on the
effect of IPC on IRI, its role in liver regeneration is
still undeter mined. However, cur rent research has
demonstrated that the beneficial effects of IPC on
liver regeneration is mediated by up regulating growth-
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promoting factors, suppressing g rowth-inhibitor y
factors and preserving energy levels for regeneration.
Nevertheless, more studies are still required to further
delineate the underlying pathophysiology of IPC and
impact on mediators of liver regeneration. It is also
important to determine whether the beneficial effect of
IPC in the laboratory setting is reproducible in clinical
practice. By understanding the underlying mechanisms by
which IPC influences liver regeneration, other strategies
as alternatives to IPC, could be developed to modulate the
regenerative pathways in the clinical setting and improve
outcomes of patients following major liver resection
and transplantation. The assessment of IPC on liver
regeneration in human studies is clearly the next step.
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Abstract

INTRODUCTION

H pylori is etiologically associated with gastritis, gas-

tric and duodenal ulcers, gastric adenocarcinoma and
mucosa-associated lymphoid tissue (MALT) lymphoma.
Eradicating H pylori may convert rapidly the outcome
of related diseases with the use of more accurate
diagnostic molecular tests. Indeed some of the tests
cannot give the evidence of current infection; H pylori
can be detected by noninvasive and invasive methods,
the latter requiring an endoscopy. Eradication failure is a
big problem in H pylori infection. Recently, clarithromycin
resistance in H pylori strains is increasing and eradication therapy of this bacterium is becoming more difficult.
Molecular methods have frequently been applied besides
phenotypic methods for susceptibility testing to detect
clarithromycin resistance due to mutations in the 2143
and 2144 positions of 23S rRNA gene. Fluorescence in
situ hybridization (FISH) method on paraffin embedded
tissue is a rapid, accurate and cost-effective method
for the detection of H pylori infection and to determine
clarithromycin resistance within three hours according
to the gold standards as a non-culture method. This
method can also be applied to fresh biopsy samples and
the isolated colonies from a culture of H pylori , detecting
both the culturable bacillary forms and the coccoid forms
of H pylori , besides the paraffin embedded tissue sections. This technique is helpful for determining the bacterial density and the results of treatment where clarithromycin has been widely used in populations to increase
the efficacy of the treatment and to clarify the treatment
failure in vitro.
© 2007 The WJG Press. All rights reserved.

Key words: H pylori ; fluorescence in situ hybridization
method; clarithromycin resistance

http://www.wjgnet.com/1007-9327/13/671.asp

H pylori is etiologically associated with gastritis, gastric
and duodenal ulcers, gastric adenocarcinoma and mucosaassociated lymphoid tissue (MALT) lymphoma[1-3]. The
prevalence of H pylori infection is 70%-90% in developing
countries and 25%-50% in developed countries [2,4] .
Person-to-person spread is the most probable mode of
transmission. Fecal-oral and oral-oral transmission are
also reported[5]. H pylori has been classified as a class I
carcinogen by International Agency for Cancer Research
(IACR) [6]. H pylori can be detected by noninvasive and
invasive methods, the latter requiring an endoscopy.
Noninvasive testing for H pylori can be done by measuring
exhaled 13 C urea breath test (UBT), by serolog y, by
stool antigen tests, by stool PCR and by analyzing body
materials such as saliva and urine[2,7]. Invasive tests include
endoscopy, with biopsy of the affected region followed
by histopathologic examination of stained specimens to
demonstrate the presence of the bacterium, rapid urease
test, biopsy PCR and culture of the bacterium[1]. UBT,
histopathology and culture of the organism, although not
easily and routinely performed, are considered the gold
standard for the diagnosis of H pylori infection[1,8].
Seven and four teen days of triple therapy are
recommended to eradicate H pylori according to Maastricht
2-2002 Consensus report. The triple therapy comprises a
proton pump inhibitor in combination with two antibiotics,
including amoxicillin, clarithromycin, or metronidazole[9-11].
Clarithromycin is a key component of most treatment
recommendations to eradicate H pylori[12]. Resistance of
H pylori to clarithromycin is regarded as a particular
dilemma, since this drug is a part of both established
therapy regimens. Thus, macrolide resistance is a frequent
cause for failure of H pylori eradication therapy [10]. In
industrialized countries approximately 10% of the
www.wjgnet.com
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H pylori strains are clarithromycin-resistant. In developing
countries, resistance rates to clarithromycin are higher,
varying between 25% to 50%, while they are 5%-10% in
the USA and as high as 10% in Europe[10,13,14]. Recently,
the clarithromycin resistance rates are reported 16.8% and
52%-56% in Turkey[15-17]. In routine clinical laboratories the
detection of clarithromycin resistance for H pylori is mainly
based on phenotypic methods performed after culture:
agar diffusion for the E-test or the agar dilution method,
which is preferred as a reference method. However, there
are some disadvantages of these methods such as results
are not available until 48-96 h after inoculation of the
agar plates[10,18]. Because H pylori is a fastidious organism,
there are also some problems in application of culture
and antibiotic susceptibility testing. Therefore easy, cheap
and practicable methods are required for the detection
of H pylori and determination of resistance, which is very
important before the treatment if the resistance reaches
15%-20% in the area[7,19]. When the bacterial culture cannot be used routinely, the patient should benefit from the
determination of macrolide resistance using non-invasive
genotype-based methods[18].
Resistance of H pylori to clarithromycin is mainly due
to major point mutations within an adenine-to-guanine
transition at positions A2142G, A2143G and A2144G and
to an adenine-to-cytosine transversion at positions A2142C
and A2143C, which are included in the peptidyltransferaseencoding region of the 23S rRNA [9,11,20-23]. Mutations
A2142G and A2143G are the most often observed, with
the A2142C mutation being less common[24]. Other point
mutations A2115G, G2141A, and T2717C have also been
reported, though they appear to be very rare[18,25-27].
Detection of point mutations conferring resistance
to clarithromycin for H pylori by molecular methods
may constitute a more reliable approach and is attracting
more attention [18] . Some molecular-based methods
have been developed. PCR-based methods have been
used to determine susceptibility to clarithromycin from
biopsy specimens or cultured H pylori strains and stool
specimens[7,28-30]. Fluorescence in situ hybridization (FISH)
method for detection of H pylori and determination of
its genotypic macrolide susceptibility in gastric biopsy
specimens is a cultivation independent, reliable, sensitive
and specific method [9,10,24] . Detection of H pylori and
clarithromycin resistance genotype simultaneously in
gastric biopsy specimens by FISH method may be a good
tool for research in the future for the drug resistance
mechanisms and to search for the eradication failure in
developing countries, such as clarithromycin and similar
antibiotics[23,31].

CLARITHROMYCIN ACTIVITY AND
MECHANISM OF RESISTANCE
Clarithromycin activity
Clarithromycin is a bacteriostatic antibiotic, which
belongs to a group of macrolides binding to peptidyl
transferase loop of domain V of the 23S rRNA molecule.
This binding interferes with protein elongation, and
thus effectively blocks bacterial protein synthesis. The
www.wjgnet.com
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antibacterial activity of clarithromycin is similar to that of
other macrolides, but clarithromycin is better absorbed in
the gastric mucus layer, more acid-stable, and therefore
more effective against H pylori [13,26,32] . Resistance to
clarithromycin is thought to develop when substitutions
in one amino acid at or near this binding site on the
ribosome prevent the drug from binding, thereby making
it ineffective[13].
Clarithromycin resistance
Resistance to clarithromycin in H pylori is caused by point
mutations in three adjacent 23S rRNA nucleotides, namely
2142, 2143 and 2144. In H pylori these substitutions
cause decreased affinity of the ribosomes for several
macrolides, resulting in increased resistance. It can be
induced by an adenine (A) to guanine (G) substitution at
one of these positions or an adenine (A) to cytosine (C)
substitution solely at position 2142. The A2142G and
A2142C were significantly more frequently present in
isolates with a higher minimal inhibitory concentration
(MIC) for clarithromycin (> 64 mg/L), whereas the
A2143G substitution was often found in isolates with a
lower MIC (< 64 mg/L). Occasionally, other 23S rRNA
mutations have also been reported for H pylori; some of
them are associated with high-level resistance, while others
are associated with low-level resistance[26,32]. Occasionally
three described mutations, in which the adenine residues at
positions 2143 and 2144 are replaced by guanine (A2143G
and A2144G) or cytosine (A2143C), are localized
within the peptidyl transferase region of the 23S rRNA
gene[9,11,22,31].
H pylori contains two 23S rRNA genes and mutations
are generally found in both copies, however, heterogeneity
has been described. Heterog eneity still results in
clarithromycin resistance, but it generally appears to be
associated with lower resistance levels than in homogenic
isolates. The higher prevalence of homogeneity over
heterogeneity in H pylori may reflect a high efficiency of
DNA recombination. The mutation in one copy of the
23S rRNA may be easily transferred to the other 23S
rRNA gene by efficient homologous DNA recombination
under selective pressure, conferring higher levels of
clarithromycin resistance [11,22,24,26,31,32] . As expected,
clarithromycin resistance coincides with resistance to other
macrolides. The A2142G and A2142C mutations are linked
to high-level cross-resistance to all macrolides, whereas
the A2143G mutation gives rise to high-level resistance
to erythromycin and intermediate-level resistance to
clindamycin and streptogramin[26,32].

DETECTION OF CLARITHROMYCIN
RESISTANCE
Molecular tests
The association between point mutations in the 23S
rRNA gene and macrolide resistance in H pylori potentially
provides a new approach for diagnosing macrolide
resistant H pylori strains[33]. Numerous molecular-based
methods are now available to assess clarithromycin in
H pylori, such as PCR-RFLP, PCR-OLA, PCR-DEIA, PCR-
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LipA, PCR-PHFA, 3M-PCR, real-time PCR hybridization
assay, FISH, FRET, DNA sequencing by conventional
and real-time (pyrosequencing) techniques. Most assays
are polymerase chain reaction (PCR)-based using different
methods to study the amplicons. T he PCR-based
molecular techniques are quicker than microbiological
susceptibility testing, and more importantly, they can be
performed directly on gastric biopsies and gastric juice[33].
Restriction fragment length polymorphism (RFLP) is a
simple method based on the occurrence of restriction site
within the amplicon. This assay allows for the detection of
the previously mentioned 23S rRNA mutations using the
restriction endonucleases, MboII (A2142G) BbsI (A2142G),
BsaI (A2143G) and BceAI (A2142C). As the PCR-RFLP
was initially not able to detect the A2142C mutation, a
3’-mismatch reverse primer PCR method (3M-PCR) was
developed[23,25,27]. However, the mutations are identified by
the absence of a band, which is a less preferable endpoint
than a positive endpoint[27].
O t h e r m e t h o d s, s u c h a s P C R - D N A e n z y m e
immunoassay (DEIA), PCR oligonucleotide ligation assay
(OLA), preferential homoduplex formation (PHFA)
and PCR-line probe assay (LipA), include an additional
hybridization step after the PCR. The PCR products were
hybridized with labeled oligonucleotide probes under
highly stringent conditions and hybrids were subsequently
detected with specific antibodies or streptavidin-alkaline
phosphatase[13,18,22,27,34,35]. The PHFA has been applied to
direct detection of H pylori and clarithromycin resistant
mutants in gastric juice samples[27]. The PHFA uses double
labeled amplicons. Many of the assays are based on the
principle of reverse hybridization with labeled probes for up
to seven mutations and the wild type, immobilized either
in microtitre wells (DEIA) or on nitrocellulose (LİPA). In
these assays, PCR products are hybridized to the probes
under highly stringent conditions and the resultant hybrids
are detected colorimetrically. In the DEIA, the detection
system is an enzyme linked immunoabsorbent assay with a
labeled anti-double stranded DNA monoclonal antibody.
Other more complex microtitre plate based systems such
as the OLA use labeled capture and reporter probes[35].
Recently, several real-time PCR hybridization assays
have been developed. The real-time PCR technique, which
is powerful advancement of the basic PCR method, is
developed based on amplification of a fragment of the
23S rRNA gene of H pylori followed by the melting curve
analysis by biprobes and hyprobes [18,36]. In these assays
a 23S rDNA fragment is amplified in the presence of a
fluorescent-labeled mutation and anchor probe. Biprobes
are sequence-specific probes labeled with the fluorophore
Cy5. When the probe hybridizes to the target sequence,
Cy5 is excited by the energy transfer from SybrGreen
I, resulting in an increase of emitted light[29,36-38]. After
completion of the PCR, the temperature is increased
to determine the melting point of the mutation probe.
The temperature at which the fluorescent signal drops
indicates the point at which the mutation probe dissociates
(melting point). When there are mismatches present in the
target sequence, lower melting temperatures are obtained
compared to the matched hybrid. This technique is simple
and quick, and if applied directly to gastric tissue, results
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can be obtained within 3 h[13,27,29,34-38].
A technique named fluorescence resonance energy
transfer (FRET) can be applied. In the first article in 1999,
a DNA double strand specific fluorophor SYBR Green I
and a second fluor dye Cy5 on a probe were used to test
H pylori strains. This method was then applied to gastric
biopsies[26].
In contrast with all the above approaches, DNA
sequencing provides the gold standard reference method
for mutation detection although it is not technically feasible
or cost effective for routine laboratory determination of
H pylori resistance markers. Nevertheless, knowledge of
nucleotide sequences has proved invaluable for validation
of the various assays mentioned above, particularly where
a resistant phenotype is not associated with any of the
more common mutations[35].
A recent development in rapid sequencing based on the
principle of pyrosequencing, a real time DNA sequence
analysis of short (25-30 bp) DNA stretches, has been
applied to rapid identification of H pylori. Available data
suggest this new technique can offer an accurate and rapid
method for sequence analysis of PCR amplicons providing
easily interpreted results within hours[35].
fluorescence in situ hybridization
In situ hybridization (ISH) uses a labeled probe to detect
and localize specific RNA or DNA sequences in a tissue
or on a chromosome. ISH relies on DNA’s ability to reanneal, or hybridize, with a complimentary strand when
at the correct temperature. “In situ” means “in the original
place” in Latin, so ISH involves a labeled nucleic acid
probe hybridizing with a DNA or RNA sequence in situ (in
the cells) so that the location of the sequence of interest
can be detected in the cells, tissue, or chromosome.
Like Northern and Southern blots, ISH indicates the
presence of a particular RNA or DNA sequence, but
ISH differs from blots in that the labeled probe reveals
the actual location of the sequence in the cells. The
probe can be either radioactively labeled and detected
by autoradiography or fluorescently labeled (abbreviated
FISH) and detected by immunocytochemistry. The
specificity of the probe depends on the permeability of
the cells, the type of probes, the labeling technique, and
the hybridization conditions, so specificity of ISH can be
adjusted according to the desired results[39,40].
Fluorescence in situ hybridization (FISH) is to identify
the presence of specific chromosomes or chromosomal
regions through hybridization or fluorescence-labeled
DNA probes to denatured chromosomal DNA [41] .
FISH uses fluorescent molecules to vividly paint genes
on chromosomes. This technique is particularly useful
for gene mapping and for identifying chromosomal
abnormalities. FISH involves the preparation of short
sequences of single stranded DNA, called probes, which
are complementary to the DNA sequences that researchers
wish to paint and examine. These probes hybridize, or
bind, to the complementary DNA and, because they
are labeled with fluorescent tags, allow researchers to
see the location of those sequences of DNA[41,42]. This
technique allows the detection of whole bacteria in their
natural habitat by fluorescence microscopy of prepared
www.wjgnet.com
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specimens. Fluorescent signals indicate the presence of
complementary chromosomal DNA; the absence of
fluorescent signals indicates absence of complementary
chromosomal DNA [43]. Unlike most other techniques
used to study chromosomes, which require that the cells
be actively dividing, FISH can also be performed on nondividing cells, making it a highly versatile procedure[41,42,44].
Despite their small size, bacteria are accessible to
the tools of cytolog y, such as immunofluorescence
microscopy for localizing proteins in fixed cells with
specific antibodies, fluorescence microscopy with the green
fluorescent protein for localizing proteins in live cells, and
FISH for localizing chromosomal regions and plasmids
within cells[45].
The bacterial FISH technology is based on the specific
DNA-DNA hybridization of defined oligonucleotides
with the abundant copies of ribosomal RNA of a bacterial
species (16S rRNA, 23S rRNA). The oligonucleotides,
which are labeled with fluorescent dyes, penetrate the
bacterial cells and bind to their target sequence. This
technique allows the detection of whole bacteria in their
natural habitat by fluorescence microscopy of prepared
specimens, i.e. the gastric mucosa of infected humans or
from animal models[43,46].
FISH is a rapid, accurate and also cost-effective method
for the detection of H pylori and determination of macrolide
resistance in cultured H pylori colonies. It can also be
used directly on biopsy specimens for histopathological
and microbiological examination[12,47]. In this assay intact
H pylori are hybridized with fluorescent-labeled H pylorispecific 16S and 23S rRNA probes. The labeled bacteria
were subsequently visualized by fluorescence microscopy.
This assay allows detection of H pylori and clarithromycin
resistance simultaneously. Moreover, this assay does not
require DNA preparation and can directly be applied to
gastric biopsy samples[9,23,26,27,32,35,48].
For H pylori a species-specific detection is performed by
the 16S rRNA-specific oligonucleotide Hpy-1, labeled in
green. Simultaneously to the species detection a genotypic
antibiotic resistance determination is possible (labeled in
red). The resistance against the macrolide clarithromycin,
which is a major antibiotic used in the triple therapy
against H pylori infections, is based on three defined point
mutations in the 23S rRNA. These point mutations can be
targeted specifically with the ClaWT, ClaR1, ClaR2, and
ClaR3 probes. Different mutations correlate with different
MICs of the antibiotics, ClaR1 > 64 mg/L, ClaR2, and
ClaR3 between 8 and 64 mg/L[46,47].
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The major advantage of FISH is the fact that the
rRNA-targeted fluorescence-labeled oligonucleotide
probes can be used for accurate deter mination of
macrolide susceptibility, thus providing the clinician with
important information with which to make a proper
treatment recommendation [24,49] . Whilst the E-test is
a phenotypic clarithromycin resistance measurement,
FISH is an established genotypic technique for the
detection of H pylori and discrimination between the
clarithromycin-susceptible wild type and clarithromycinresistant mutants[11,49]. FISH is a reliable fast method for
the detection of clarithromycin-resistant H pylori mutants,
and results are available within 3 h after an endoscopy.
The probes are commercially available, and the method is
cost-effective and can be applied in any laboratory without
the need for special equipment or facilities, except for a
fluorescence microscope[11,47,49].
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Abstract
AIM: To investigate the role of glutathione S-transferase
(GST) and matrix metalloproteinase-9 (MMP-9) expressions in the development and progression of reflux esophagitis-Barrett’s metaplasia-dysplasia-adenocarcinoma
sequence in the esophagus.
METHODS: GST and MMP-9 expressions were analyzed
in 51 paraffin-embedded tissue samples by immunohistochemistry including patients with reflux esophagitis (n =
7), Barrett’s metaplasia (n = 14), Barrett and esophagitis (n = 8), Barrett and dysplasia (n = 7), esophageal
adenocarcinoma (n = 8) and a control group without
any histological changes (n = 7). Immunostaining was
determined semiquantitatively. Statistical analysis with
one-way ANOVA, LSD test and correlation analysis were
performed. P value of < 0.05 was considered significant.
RESULTS: GST expression was significantly higher while
MMP-9 expression was significantly lower in control
group compared to Barrett’s metaplasia and the other
groups. No major changes were observed between Barrett, esophagitis, and Barrett and concomitant esophagitis. Barrett and concomitant dysplasia, and adenocarcinoma revealed a significant lower expression of GST and
higher levels of MMP-9 compared to all other groups.
Adenocarcinoma showed almost no expression of GST
and significantly higher levels of MMP-9 than Barrett and
concomitant dysplasia. Alterations of GST and MMP-9
were inversely correlated (r = - 0.82).
CONCLUSION: Decreased GST and increased expression of MMP-9 in Barrett’s metaplasia-dysplasiaadenocarcinoma sequence as compared to normal tissue
suggest their association with esophageal tumorigenesis.
Loss of GST and gain of MMP-9 in Barrett with dysplasia compared to non-dysplastic metaplasia indicate that
www.wjgnet.com

these alterations may be early events in carcinogenesis.
Quantification of these parameters in Barrett’s esophagus might be useful to identify patients at higher risk for
progression to cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Esophageal cancer is still one of the most widespread
diseases, and the early diagnosis of esophageal carcinoma
correlates closely with improvement in prognosis. Barrett's
esophagus (BE) is a precancerous condition of the lower
esophagus in which the normal stratified squamous
epithelium is replaced with specialized metaplastic
columnar epithelium. Barrett’s mucosa represents a type
of epithelium that is completely different from the normal
esophageal mucosa. BE is the main precancerous condition
in the development of esophageal adenocarcinoma[1,2].
BE is diagnosed in up to 20% of patients with
documented chronic gastroesophageal reflux disease
(GERD). Follow-up studies have shown that BE
has a 30- to 125-fold increased risk of developing
into an adenocarcinoma, which emerges at a rate of
approximately one cancer per 100 patient-years[3]. Barrett’s
adenocarcinoma displays the most rapidly increasing
incidence for gastrointestinal tract cancer in the Western
world. Diagnosis of Barrett’s adenocarcinoma is usually
made late, and consequently, is associated with poor
prognosis[4-6].
Carcinogens are one of the inducing etiological
factors for esophageal adenocarcinoma. Glutathione
S-transferase (GST), a family of detoxification enzymes,
plays an important role in the prevention of cancer by
detoxifying numerous potentially carcinogenic compounds,
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which can cause oxidative damage to cells[7]. Therefore, a
reduction in these anti-oxidant enzymes can increase the
risk of carcinogenesis[8]. Decreased GST enzyme activity
has been reported in BE, and an inverse correlation was
demonstrated between GST enzyme activity and tumor
incidence in the gastrointestinal tract [9,10]. It has been
suggested that down-regulation of GST expression could
be an early event in the development of BE[11].
The degradation of the extracellular matrix (ECM),
including the basement membrane, which is a specialized
matrix composed of type Ⅳ collagen, laminin, entactin,
proteoglycans and glycosaminoglycans, is an important
feature of cancer cell invasion, and proteolytic enzymes
play an important role in this event[12].
Several human solid tumors have been reported to
have increased levels of proteolytic enzymes in cancer
tissue, strongly suggesting that proteases may be important
in tumor invasion and metastasis. With respect to the
gastrointestinal tract, we have previously demonstrated
that proteolytic enzymes may have a role not only in the
process of gastric[13] or colorectal cancer invasion[14], but
also in the progression of gastrointestinal precancerous
changes into cancer[15].
Matrix metalloproteinases (MMPs) degrade components of the ECM and connective tissue surrounding the
tumor cells and the basement membrane. MMPs are classified as gelatinases, collagenases, stromelysins, membranetype matrix metalloproteinases, based mainly on the in vivo
substrate specificity of the individual MMP. It was initially
believed that MMPs, via breakdown of the physical barrier, were primarily involved in tumor invasion[16]. There
is growing evidence, however, that the MMPs have an
expanded role, as they are important for the creation and
maintenance of a microenvironment that facilitates growth
and angiogenesis of tumors at primary and metastatic
sites[17,18].
Type Ⅳ collagen is an important protein of the
basement membrane. Type Ⅳ collagenase, matrix
metalloproteinase-9 (MMP-9) (gelatinase B), has been
reported to be especially important in the process of
tumor invasion and metastasis [19,20] . Several MMPs
(gelatinase A: MMP-2; stromelysin: MMP-3; matrilysin:
MMP-7; metalloelastase: MMP-12; collagenase-3:
MMP-13) are expressed by tumor cells in esophageal
squamous cell and adenocarcinomas, suggesting that
these MMPs are responsible for tumor aggressiveness and
prognosis in human esophageal carcinomas[21-24].
In the specific case of MMP-9, increased expressions
have been observed in gastric cancer[25-27] and esophageal
squamous cell carcinoma [28-30] , but its behaviour in
esophageal adenocarcinoma and in preinvasive lesions of
esophageal carcinogenesis is still uncertain.
On the other hand, GST and MMP-9 as actors either
in cancer prevention or in carcinogenesis have not been
evaluated in the same experimental setting. Therefore, the
aim of the present study was to investigate the role of
GST and MMP-9 expressions using immunohistochemical
analysis in the development and progression of reflux
esophagitis-BE-dysplasia-adenocarcinoma sequence in the
esophagus.
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MATERIALS AND METHODS
Tissue specimens were obtained endoscopically from inand outpatients with upper abdominal complaints at the
2 nd Department of Medicine, Semmelweis University,
Budapest.
Informed consent was obtained from all patients
involved in the study, and a local ethical permission has
been obtained. The patients comprised of 33 males
and 18 females. The median age was 64 years with a
range from 22 to 83 years. The endoscopic specimens
were fixed in formalin and embedded in paraffin wax,
sliced serial step sections of 4 μm thickness. GST and
MMP-9 immunohistochemical expressions were analyzed
in a total of 51 paraffin-embedded tissue samples by
immunohistochemistry including patients with reflux
esophagitis (n = 7) (4 males, 3 females, mean age 61 years,
range 36-68 years); BE (n = 14) (9 males, 5 females, mean
age 66 years, range 48-69 years); BE and esophagitis (n = 8)
(6 males, 2 females, mean age 67 years, range 55-71 years);
BE and dysplasia (n = 7) (4 males, 3 females, mean age 68
years, range 52-72 years); and esophageal adenocarcinoma
(n = 8) (6 males, 2 females, mean age 71 years, range 64-83
years). Esophageal biopsies from patients with functional
dyspepsia without any histological changes were used as
controls (n = 7) (4 males, 3 females, mean age 49 years,
range 22-56 years).
GST immunohistochemistry
The 4 micron thick tissue sections were dewaxed and
rehydrated. Endogenous peroxidase activity was blocked
by incubation for 30 min at room temperature in 3%
hydrogen peroxide. After washing the sections 3 times in
PBS for 5 min, non-specific blocking was done with 1%
BSA-PBS solution for 10 min at room temperature. Next,
the slides were incubated with diluted polyclonal rabbit
anti-human GSTP1 antibody (1 µL GSTP1 antibody and
150 µL PBS) (Clone: A3600, DAKO) at 37℃ for 60 min
in a humidified chamber. After washing the specimens
3 times in PBS, signal conversion was carried out with
the LSAB2 system (DAKO) as described in the manual.
Finally, haematoxylin co-staining was performed.
MMP-9 immunohistochemistry
After deparaffinization in xylene and rehydration through
graded ethanol, endogenous peroxidase activity was
blocked by incubation for 30 min at room temperature
in 3% hydrogen peroxide. After washing the sections
3 times in PBS for 5 min, non-specific blocking was
carried out with 1% BSA-PBS solution for 10 min at
room temperature. Next, the slides were incubated with
optimally diluted monoclonal anti-human MMP-9 antibody
(Clone: 36 020.111, R&D Systems) at 37℃ for 60 min in
a humidified chamber. After washing the samples 3 times
in PBS, signal conversion was carried out with the LSAB2
system (DAKO) as described in the manual. Finally,
haematoxylin co-staining was performed.
Immunohistochemical analysis of GST and MMP-9
Known immunohistochemically-positive tissue sections
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Table 1 GST immunohistochemical expression according to a
semiquantitative score in various types of mucosal lesions of the
esophagus
Histology				
Normal epithelium (Control group)a 		
(n = 7)		
Reflux esophagitis 				
(n = 7)
Barrett’s metaplasia 				
(n = 14)
Barrett’s metaplasia and reflux esophagitis		
(n = 8)
Barrett’s metaplasia and dysplasiab		
(n = 7)
Adenocarcinomab,c 				
(n = 8)
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Table 2 MMP-9 immunohistochemical expression according to
a semiquantitative score in various types of mucosal lesions of
the esophagus
Histology				

Score (mean ± SD)

Normal epithelium (Control goup)b		
(n = 7) 		
Reflux esophagitis 				
(n = 7)
Barrett’s metaplasia 				
(n = 14)
Barrett’s metaplasia and reflux esophagitis		
(n = 8) 		
Barrett’s metaplasia and dysplasiaa		
(n = 7)
Adenocarcinomaa,c				
(n = 8)

2.85 ± 0.24
1.14 ± 0.24
1.60 ± 0.34
1.12 ± 0.35
0.58 ± 0.37
0.18 ± 0.25

Score (mean ± SD)
0.28 ± 0.39
1.71 ± 0.39
1.46 ± 0.41
1.75 ± 0.26
2.16 ± 0.25
2.62 ± 0.35

a

P < 0.00001 vs the other groups; bP < 0.005 vs the other groups (normal
epithelium, reflux esophagitis, barrett's metaplasia, barrett's metaplasia and
Reflux esophagitis); cP < 0.05 vs barrett's metaplasia and dysplasia.

b

were used as positive controls, and negative control
sections were processed immunohistochemically after
having replaced the primary antibody by PBS. None
of the control sections exhibited immunoreactivity.
Immunostaining was determined semiquantitatively, as
previously described[31]. Essentially, the intensity of staining
for GST and MMP-9 under a light microscope was graded
from 0 to 3, denoting no staining or light, moderate, or
intense staining. An immunohistochemical staining score
was calculated for each histologic area by multiplying
the staining intensity level (0 to 3) by the proportion of
cells in each area staining with the given intensity. The
immunohistochemical staining score for an area with 100%
of cells with intense staining, for example, would be 1 × 3,
equalling 3, whereas an area with 50% cells with moderate
staining and 40% without any staining would have a score
of 0.5 × 2 plus 0.4 × 1, equalling 1.4. Two independent
investigators without knowledge of the clinical outcomes
evaluated the degree of immunohistochemical staining
intensity. There was less than 5% variance between the
results of the two counts.

to all other groups (P < 0.005). Adenocarcinoma showed
almost no expression of GST and a significantly lower
expression than BE and concomitant dysplasia (P < 0.05).
The semiquantitative score of MMP-9 (Table 2) in
the normal esophageal epithelium (control group) was
significantly lower compared to BE and the other groups
(P < 0.00001); while no major changes were observed
between BE, esophagitis, and BE with concomitant
esophagitis.
Significantly higher expression levels of MMP-9
have been observed in BE with concomitant dysplasia
and adenocarcinoma compared to all other groups (P <
0.05). Finally, MMP-9 expression was significantly higher
in adenocarcinoma compared to BE and concomitant
dysplasia (P < 0.05).
GST and MMP-9 were expressed mainly within the
cytoplasm and cytoplasmic membranes of the esophageal
epithelium in dysplastic or adenocarcinoma cells (Figures
1 and 2). Immunoexpressions of GST and MMP-9 in the
esophageal tissues were inversely correlated (r = - 0.82; P
= 0.001) (Figure 3).

Statistical analysis
Statistical analysis with one-way ANOVA, LSD test and
correlation analysis were performed by the Statistica for
Windows 4.3 program package. P value of < 0.05 was
considered significant.

RESULTS
The immunohistochemical expression scores of GST
and MMP-9 in various types of mucosal lesions of the
esophagus (n = 51) are shown in Tables 1 and 2.
Expression of GST (Table 1) in normal esophageal
epithelium (control group) was significantly higher
compared to BE and the other groups (P < 0.00001), while
no major changes were observed between BE, esophagitis,
and BE with concomitant esophagitis.
BE with concomitant dysplasia, and adenocarcinoma
revealed a significantly lower expression of GST compared
www.wjgnet.com

P < 0.00001 vs the other groups; aP < 0.05 vs the other groups (normal
epithelium, reflux esophagitis, barrett's metaplasia, barrett's metaplasia and
Reflux esophagitis); cP < 0.05 vs barrett's metaplasia and dysplasia.

DISCUSSION
Despite advances in diagnosis and therapy, esophageal
adenocarcinoma remains an aggressive and usually lethal
tumor. BE is the main precancerous condition in the
development of esophageal adenocarcinoma; however,
its pathogenesis is poorly understood. BE typically
progresses from metaplasia with atypia to dysplasia and
adenocarcinoma. It is of great clinical importance to
correctly identify changes with a high risk for malignant
transfor mation, as high-grade dysplasias and early
adenocarcinomas in patients with BE have a high chance
for cure[32]. The identification of high-risk lesions in BE by
histologic evaluation has drawbacks, especially regarding
sampling errors and frequent intra- and inter-observer
discrepancies in the histopathologic grading/staging of
these lesions. Several new biomarkers are being tested to
help in better determining the risk of cancer development.
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Figure 1 Expression of GST in different esophageal tissues. A: GST strong
positive staining was observed in the normal esophagus (200 ×); B: Normal esophageal epithelium (top) with Barrett’s metaplasia (bottom) (200 ×); C: Normal
esophageal epithelium shows strong positive immunostaining compared to the
weaker GST expression in Barrett’s metaplasia (400 ×); D: Adenocarcinoma showing almost no expression of GST (200 ×); GST was mainly expressed within the
cytoplasm.

Although most of the biological markers need to be
evaluated further, at present, aneuploidy status, p16 and
p53 gene abnormalities, or allelic losses are the most
extensively documented alterations[33].

679

Figure 2 Expression of MMP-9 in different esophageal tissues. Strong positive
immunostaining of MMP-9 in (A) Barrett’s metaplasia (400 ×), (B) dysplasia (400 ×)
and (C) adenocarcinoma (200 ×) of the esophagus. Cytoplasm of the metaplastic
and dysplastic cells and cytoplasmic membranes of the esophageal adenocarcinoma cells were stained brown. Barrett’s metaplasia with concomitant dysplasia
and adenocarcinoma show the most intensive expression of MMP-9.

Immunostaining with a variety of antibodies provides
a better understanding of the process of malignant
transformation and helps to identify early markers of
malignant transformation in BE[34].
Given the lack in the literature of the evaluation of
GST and MMP-9 expressions in the same experimental
setting, we evaluated the behaviour of detoxification
e n z y m e G S T, a n d o n e m e m b e r o f t h e m a t r i x
metalloproteinases family, MMP-9, in the development and
progression of normal epithelium, reflux esophagitis, BE,
dysplasia and adenocarcinoma sequence in the esophagus.
A number of findings in our study confirmed that
GST is involved in esophageal carcinogenesis and
progression. We have demonstrated that GST expression
was significantly higher in normal esophageal epithelium
compared to the other groups. On the other hand, BE
with dysplasia, and adenocarcinoma revealed a significantly
www.wjgnet.com
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Figure 3 The correlation between immunohistochemical expressions of GST and
MMP9 in different esophageal tissues. Immunohistochemical expressions of GST
and MMP9 were inversely correlated (r = - 0.82; P = 0.001).

lower expression of GST, while adenocarcinoma expressed
almost no GST.
Our findings are similar to the results reported by
van Lieshout et al[9] and Cobbe et al[11]. They reported that
the expression of GST appeared to be reduced in BE
compared to normal esophageal squamous epithelium.
In contrast to the van Lieshout et al[9] and Cobbe et al[11]
studies, we also demonstrated that BE with concomitant
dysplasia, and adenocarcinoma revealed a significantly
lower expression of GST. Brabander et al[10] also found
that GST expression was highest in the basal layer of
normal esophageal squamous epithelium and lowest in
adenocarcinoma cells, with BE cells showing intermediate
staining intensity.
These results suggest that decreased GST expression
could be an early event in the development of BE and may
contribute to the risk of development and progression
of adenocarcinoma in BE. The observed reduction in
GST expression in BE may, therefore, contribute to the
increased risk in this tissue.
Degradation of the ECM and basement membrane
by tumor cells is a critical step in the process of tumor
invasion and metastasis. MMP-9 is one member of the
matrix metalloproteinases family, which is capable of
degrading several components of the ECM. Increased
expression of MMP-9 has been found in various
carcinomas. With respect to the gastrointestinal tract,
increased MMP-9 expressions have been observed in
gastric [25-27] and colorectal cancer [35-38]. In the specific
case of the esophagus, increased expression of MMP-9
has been demonstrated in esophageal squamous cell
carcinoma[28-30], but its role and behaviour in esophageal
adenocarcinoma and BE is not well established.
The relatively small number of patients in our
study can be explained by the known data about the
epidemiology of BE and esophageal adenocarcinoma
in Hungary; since only 4% of patients with esophageal
cancers were diagnosed to have adenocarcinoma and its
proportion remained stable over the observed last decade,
it seems that contrary to North American and Western
European countries, the prevalence of adenocarcinoma
has been, until now, very low in Hungary[39].
www.wjgnet.com

February 7, 2007

Volume 13

Number 5

In the present study, immunohistochemical analysis
revealed a progressive increase in the expression of
MMP-9 with increasing severity of esophageal lesions.
MMP-9 expression was significantly lower in normal
esophageal epithelium compared to other groups. BE
with concomitant dysplasia revealed a significantly higher
expression of MMP-9 compared to BE, reflux esophagitis
or BE with concomitant esophagitis. We obser ved
that MMP-9 expression was significantly higher in
adenocarcinoma compared to BE or BE with concomitant
dysplasia. These results suggest that over-expression of
MMP-9 plays an important role in the progression to
esophageal adenocarcinoma, and MMP-9 protein may
serve as a marker for invasiveness. Our results indicate
that the activation of MMP-9 may be an early event in
esophageal carcinogenesis.
Our findings are relevant from both, biological and
clinical points of view. Despite the advance in preoperative
and postoperative medical care of esophageal carcinoma
patients, their prognosis has improved only marginally.
Therefore, it would be useful to have additional biomarkers
to help clinicians better determine the risk of esophageal
cancer development. In esophageal cancer, novel targeted
treatments are still in an early phase of development.
It can be speculated that the relevance of MMP-9 in
esophageal carcinogenesis may also support a possible
therapeutic approach [40]. Indeed, this can be obtained
directly by inhibition of MMP-9. Phase II-trials with the
matrix metalloproteinase inhibitor prinomastat in patients
with esophageal adenocarcinoma are under evaluation[41].
The present study showed that expressions of GST
and MMP-9 were reversely or negatively correlated,
thus suggesting a concomitant down-regulation and upregulation, respectively, of these systems. GST plays an
important protective role in the prevention of cancer
by detoxifying potentially carcinogenic compounds,
while MMP-9 should be considered an aggressive factor,
playing a crucial role in the progression of esophageal
carcinogenesis.
In conclusion, our results demonstrate a significantly
lower expression of GST and a significantly higher
expression of MMP-9, respectively, in the BE-dysplasiaadenocarcinoma sequence as compared to nor mal
esophageal tissue. The simultaneous down-regulation
of GST and up-regulation of MMP-9 strongly suggest
their association with esophageal tumorigenesis and
particularly, their specific role in the biology of esophageal
adenocarcinoma. Loss of GST and gain of MMP-9 in BE
with concomitant dysplasia compared to non-dysplastic
BE indicate that these alterations may be early events in
esophageal carcinogenesis. Together with other biological
markers, quantification of these parameters in BE might
be useful to identify patients at higher risk for progression
to adenocarcinoma, to prevent tumor development and to
improve prognosis.
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Abstract
AIM: To develop a conditionally replicative gene-viral
vector system called CNHK500-p53, which contains
dual promoters within the E1 region, and combines the
advantages of oncolytic virus and gene therapies for
hepatocellular carcinoma (HCC).
METHODS: CNHK500-p53 was constructed by using
human telomerase reverse transcriptase (hTERT)
promoter to drive adenovirus E1 a gene and hypoxia
response element (HRE) promoter to drive adenovirus
E1 b gene. p53 gene expressing cassette was inserted
into the genome of replicative virus. Viral replication
experiments, cytopathic effect (CPE) and methyl
thiazolyl tetrazolium (MTT) assay were performed to
test the selective replication and oncolytic efficacy of
CNHK500-p53.
RESULTS: Immunohistochemistry verified that infection
with CNHK500-p53 was associated with selective
replication of adenovirus and production of p53 protein
in telomerase-positive and hypoxia-inducible factordependent HCC cells. p53 protein secreted from HepG2,
infected with CNHK500-p53 was significantly higher
than that infected with nonreplicative adenovirus
Ad-p53 in vitro (388 ± 34.6 µg/L vs 76.3 ± 13.17 µg/L).
Viral replication experiments showed that replication
of CNHK500-p53 and CNHK500 or WtAd5, was much
stronger than that of Ad-p53 in tested HCC cell lines. CPE
and MTT assay indicated that CNHK500-p53 selectively
replicated in and killed HCC cells while leaving normal
cells unaffected.
CONCLUSION: A more efficient gene-viral system
is developed by combining selective oncolysis with
exogenous expression of p53 against HCC cells.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common solid tumor worldwide, accounting for 500 000
new cases annually. The majority of patients presenting
with advanced disease are not candidates for liver
transplantation, surgical resection, or regional therapy.
In 60% to 80% of patients with HCC, underlying liver
cirrhosis and hepatic dysfunction complicate its treatment.
Systemic treatments have minimal effects with significant
toxicity, and cannot improve patient survival[1]. The search
for alternative treatment modalities has revived the concept
of using oncolytic viruses to treat cancer[2,3]. In this respect,
conditional replicative adenoviruses (CRAds) appear to be
attractive anticancer agents that are currently evaluated in
clinical trials[4,5]. CRAds exert intrinsic anticancer activity
through selective replication and lysis in cancer cells. In
addition, release of CRAd progeny by infected tumor
cells provides a potential to amplify the oncolytic effect by
lateral spread through solid tumors.
Recent studies have shown that telomerase activity
may serve as a general marker of cancer cells. Its activity
in normal cells is restricted to fetal tissue, whereas it
is elevated in tumors [6]. Although some tumors could
activate a yet unknown alternative mechanism of telomere
extension, the majority (> 85%) of human HCC cells
acquire immortality by expressing telomerase reverse
transcriptase (hTERT)[7]. It has been shown that hTERT
expression is regulated at the transcriptional level, thereby
providing a promising tool for tumor-specific gene
expression.
Hypoxia occurs in virtually allsolid tumors as they
outgrow their blood supply. Hypoxia augments cellular
levels of hypoxia-inducible factor (HIF), a transcription
www.wjgnet.com
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factor that regulates target genes through the binding of
hypoxia response elements (HRE). Activation of the HIF
pathway enables cancer cells to survive and proliferate
in a hypoxic environment and contributes to a more
aggressive phenotype[8,9]. Therefore, the HIF/HRE system
of gene regulation, which is active under hypoxia or as a
result of genetic alterations during cell transformation, is
particularly attractive to specific target solid tumors.
Besides viral oncolysis, CRAds can be exploited as
vectors of gene therapies by advanced virology and viral
vector design to enhance their oncolysis. Many malignant
neoplasms have lost the function of p53. Although many
oncolytic adenoviruses use p53-dependent pathways to
cause cell death, several studies have shown that replicating
adenoviruses kill cells more rapidly when expressing
p53[10,11].
Here we have constructed a novel gene-viral vector
system called CNHK500-p53, which uses hTERT promoter
to drive adenovirus E1a gene and HRE promoter to drive
adenovirus E1b gene. In addition, human p53 gene was
cloned into the downstream of E1A of adenovirus. E1A
gene is essential for adenoviral replication, and adenovirus
can hardly propagate without it. Telomerase and hypoxia
are two important features of human solid tumors. Making
use of these two promoters, CNHK500-p53 will replicate
only in telomerase positive cancer cells undergoing hypoxia
in theory. We tested the replication ability and oncolytic
activity of CNHK500-p53 in HCC cell lines in vitro.

MATERIALS AND METHODS
Vectors, cell lines and cell culture
pXC1 (wild-type adenovirus plasmid) and pBGHE3 (a
plasmid-containing right arm of adenovirus type 5 with
deletion of 188-1339 bp sequence.) were purchased from
Microbix Biosystems Ltd (Toronto, Canada). pGEM-3ZF
and pGEM-3ZF-p53 were purchased from Promega Ltd,
USA. Human HCC cell lines HepG2, Hep3B, normal
human liver cell line L02, normal human fibroblast cell
lines MRC-5 and BJ were purchased from the American
Type Culture Collection (Manassas, VA). Human HCC
cell lines SMMC-7721, Bel-7402 and wild-type adenovirus
5 (WtAd5) were obtained from Second Military Medical
University (Shanghai, China). Human embryonic kidney
293 cell line was obtained from Microbix Biosystems
(Toronto, Canada). Hep3B, HepG2, SMMC-7721,
Bel-7402 and human embryonic kidney 293 cells were
cultured in DMEM (Life Technologies, Rockville, MD).
L02 was cultured in RPMI 1640 medium. BJ was cultured
in modified Eagle’s medium (MEM). All the media were
supplemented with 10% heat-inactivated fetal bovine
serum (Life Technologies), 4mmol/L L-glutamine, 100
units/mL penicillin, and 100 μg/mL streptomycin and
cultured under a 5% CO2 atmosphere at 37℃.
Construction of adenovirus vectors
Complete cDNA sequence of p53 gene was amplified
by PCR from plasmid pGEM-3ZF-p53 by using the
upstream primer VT182 (5’CCG GAA TTC (EcoRI)
GCC ATG GAG GAG CCG CAG TCA GA3’) and
downstream primer VT183(5’CGC GGA TCC (BamHI)
www.wjgnet.com

February 7, 2007

Volume 13

Number 5

TTA TCA GTC TGA GTC AGG CCC TTC TG3’).
Synthetic DNA sequence was released with endonucleases
EcoRI and BamHI (New England Biolabs, Beverley, MA)
and ligated into plasmid pClon15 (made by ourselves,
which contains the sequence of mouse cytomegalovirus
promoter + multiple clone site + SV40 poly A) to
generate pClon15-p53. pClon15-p53 was digested with
endonucleases AgeI and NotI (New England Biolabs), a
1917-bp fragment containing mouse cytomegalovirus
promoter + p53 gene + SV40 polyA was excised and
inserted into AgeI and NotI sites of pSG500, which
was constructed in our previous study and contained
hTERT promoter core sequence with three extra
E-boxes downstream and HRE promoter[12]. The plasmid
resulting from the insertion of p53 gene cassette into
the pSG500 in orthograde orientation was designated as
pSG500-p53. pSG500-p53 and pSG500 were transfected
by Lipofectamine 2000 (Life Technologies) into 293 cells
together with pBHGE3. Viral plaques appeared 9-14 d
after cotransfection and were sublimated three times.
Recombinant adenoviruses, extracted using QIAamp DNA
blood mini kit (Qiagen, Valencia, CA), were verified by
PCR and named CNHK500-p53 and CNHK500. Ad-p53
was used as a control, which is a nonreplicative adenovirus
vector carrying a SV40 early promoter-driven human
p53 expression cassette[13]. A similar procedure was used
by replacing the p53 gene with a 1538-bp fragment of
the green fluorescent protein (GFP) expression cassette,
obtained from plasmid pCA13-GFP (Takara Ltd, Japan),
to derive conditionally replicative adenovirus CNHK500GFP and nonreplicative adenovir us Ad-GFP. The
nonreplicative adenovirus Ad-blank was used as a control.
Production and purification of adenovirus
Viruses were purified by CsCl density purification and
propagated in 293 cells. After 72 h, the detached cells
were harvested by centrifugation at 1000 × g for 5 min
at 4℃, resuspended in 10 mL cold PBS (free Ca2+ and
Mg2+), and then lysed with three cycles of freeze and thaw.
Lysate was collected by centrifugation at 1500 × g for 10
min at 4℃, and the supernatant was placed on a gradient
prepared with equal parts of CsCl in PBS and then
centrifuged at 15 000 × g for 2 h at 12℃. The virus band
was removed and placed in a preformed CsCl gradient by
ultracentrifugation for 18 h and dialyzed into 10 mmol/L
Tris-HCl (pH 7.4) containing 10 mmol/L MgCl2 and 10%
glycerol. Titers of the purified adenovirus were determined
by plaque assays of the tissue culture infectious dose 50
methods and shown as plaque forming unit per milliliter
(pfu/mL). All viral preparations were free of endotoxin.
Viral replication assay
Monolayer cells, including logarithmically growing Hep3B,
HepG2, SMMC-7721 (10 5 cells/well), and contactinhibition BJ, L02 (106 cells/well) were cultured in sixwell dishes overnight and infected with CNHK500-p53,
WtAd5, Ad-p53 at a multiplicity of infection (MOI) of 5.0
pfu/cell. Virus inocula were removed after 2 h. The cells
then were washed twice with PBS and incubated at 37℃
for 0, 12, 24, 48, or 96 h. Lysates of cells were prepared
with three cycles of freeze and thaw. Serial dilutions of
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the lysates were titered on human embryonic kidney 293
cells with the tissue culture infectious dose 50 methods,
normalized with that at the beginning of infection, and
reported as multiples.
Western blot analysis of E1A and E1B protein
HepG2, Hep3B and BJ were seeded in 6-well plates
at a density of 5 × 10 5 cells/well and infected with
CNHK500-p53 or wtAd5 at a MOI of 1 after 24 h
of incubation. Two days after viral infection, cells
were har vested and lysed with M-PER mammalian
protein extraction reagent (PI-ERCE, Rockford, IC).
Concentration of the extracted protein was measured with
a biophotometer (Eppendorf AG, Hamburg, Germany).
Total proteins (20 μ g) were separated on 10% SDSpolyacrylamide gel, electroblotted onto PROTRAN
nitrocellulose transfer membrane (Schleicher & Schuell
Inc, Dassel. Germany) and blocked with 5% fat-free
milk in Tris-buffered saline (TBS: 10 mMTris, pH 7.5,
0.9% NaCl) containing 0.1% Tween-20 (TBST) at room
temperature for 1 h. The membrane was incubated with
either rabbit polyclonal antibody against Ad-E1A protein
(Santa Cruz Biotechnology) or rat anti-Ad5 E1B 55k
monoclonal antibody overnight at 4℃ and repeatedly
washed in TBST. After incubation for 1 h with appropriate
secondary horseradish peroxidase-conjugated anti-bodies
and extensive washing with TBST, immunocomplexes on
the membrane were detected with LumiGLOTM reagent
and visualized with Kodak BiomaxMR film. To detect the
expression of E1A and E1B under hypoxic condition,
CNHK500-p53 infected cells were exposed to 0.1%
hypoxia for 16 h before harvest.
ELISA determination of p53 gene expression
HepG2 cells were seeded in 24-well plates at a density
of 5 × 104 cells/well and cultured for 24 h, followed by
infection with CNHK500-p53 and Ad-p53 at a MOI of 0.1.
On days 3, 5, 7, and 10 post-infection, the supernatants
of cell cultures were collected and assayed for p53 gene
expression levels using the ELISA kit of p53 (Chemicon
International, Temecula, CA) and the manipulation was
done according to the manufacturer’s instructions.
Evaluation of oncolytic activity of virus vector
Cytopathic effect (CPE): Hep3B, HepG2, Bel-7402 (2 ×
104 Cells/well) and BJ (6 × 104 cells/well) were dispensed
in 24-well plates. The culture solution was removed on the
second day, and 1 mL serum free DMEM and virus were
added to each well. The multiplicity of infection (MOI)
of each well was 0.01, 0.1, 1, 10 and 100, respectively.
The culture plate was then incubated for 90 min in a 37℃
incubator under the condition of 5% CO 2 in DMEM
containing 5% serum.
Methyl thiazolyl tetrazolium (MTT) assay: MTT
assay was perfor med to deter mine cell viability at
various viral MOIs. HepG2, Hep3B and BJ cells were
plated at a density of 1 × 104 cells/well in 96-well plates
(Falcon) and 24 h later, the cells were infected with
CNHK500-p53 at serial MOIs from 0.001 to 100. After
7 d of incubation, cell viability was measured by MTT
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Figure 1 Schematic diagram of the CNHK500-p53 adenoviral construct. A 310-bp
fragment of human telomerase reverse transcriptase (hTERT) promoter with three
E-boxes (CACGTG) downstream of the core sequence replaced the endogenous
E1A promoter (digested with NotI and XhoI) to control the expression of E1A.
A 241-bp fragment of hypoxia response element (HRE) promoter replaced the
endogenous E1B promoter to control the expression of E1B. A 1805-bp fragment
of transgene expression cassette containing cytomegalovirus (CMV) promoter +
p53 + SV40 poly A was inserted into the downstream of E1A (digested with AgeI +
NotI) to generate CNHK500-p53. ITR, inverted terminal repeat; ψ, the adenovirus
5 packing signal.

assay using a non-radioactive cell proliferation kit (Roche
Molecular Biochemicals) according to its protocol, and
the spectrophotometrical absorbance of samples was
measured with a microplate reader model 550 (BIORAD Laborato-ries, Tokyo, Japan) at 570 nm with a
reference of 655 nm. Percentage of cell survival was
calculated using the formula: % cell survival = (OD value
of infected cells/OD value of uninfected control cells)
× 100%. Eight replicate samples were taken at each MOI
and each experiment was repeated at least 3 times. IC50 of
CNHK500-p53, CNHK500, and WtAd5 was calculated in
HepG2 and BJ 7 d after infection. Statistical analysis was
performed using Student’s t test for differences among
groups. P < 0.05 was considered statistically significant.
Replication between CNHK500-GFP and Ad-GFP
HepG2, Bel-7402 (1 × 105 cells/well), and BJ (1 × 106
cells/well) were inoculated into six-well plates, respectively.
When the cells were confluent, CNHK500-EGFP or
Ad-EGFP was added to each well at the MOI of 1 and
then washed with PBS 2 h later. Cells were then coated
with 1.25% agarose. On days 3, 7 and 10, the cells were
observed under a fluorescence microscope and significant
changes were photographed. Fluorescence microscopy
was performed with routine methods with fluorescence in
isothiocyanate (FITC), with the excitement and emission
wavelength being 475 nm and 490 nm, respectively.

RESULTS
To make a conditional replicative gene-viral vector, we
adopted a design as shown in Figure 1, in which the
adenovirus E1a gene was placed under the control of
hTERT promoter plus three extra E-boxes, and E1b gene
was controlled by HRE promoter, p53 gene-expressing
cassette was inserted between E1A and HRE promoter.
CNHK500-p53 was successfully made and verified by
PCR. We were able to produce the adenovirus with high
titers (2 × 1010 pfu/mL).
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Figure 2 Selective replication of CNHK500-p53
in vitro. A: Human HCC cell lines HepG2, Hep3B,
and SMMC-7721 were infected with CNHK500-p53
at a MOI of 5. Cells and media were harvested,
and lysates were prepared from each group at
diverse time points 0 h, 24 h, 48 h, and 96 h.
Viral titers were measured with the tissue culture
infectious dose 50 method, normalized with that at
the beginning of infection, and shown as multiples.
CNHK500-p53 replicated similarly as CNHK500
and WtAd5 in all of the tested telomerase-positive
cancer cells; B: Comparison of replication capability
of CNHK500-p53, CNHK500 and WtAd5 in
telomerase-negative normal cell lines. At diverse
time points 0 h, 24 h, 48 h, and 96 h after infection,
cells and medium were harvested, and viral titers
were measured as described previously. In all of the
tested normal cell lines, the replication capability
of CNHK500-p53 and CNHK500 was severely
attenuated than that of WtAd5; C: Forty-eight hours
after infection with CNHK500-p53 in HepG2, Hep3B
and BJ, CNHK500-p53 showed enhanced replication
ability both in HepG2, Hep3B and in BJ under
hypoxia condition, but was higher in HepG2, Hep3B
than in BJ.
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Selective replication of CNHK500-p53
Selective replication of the new recombinant adenovirus
CNHK500-p53 wa s eva l u a ted u s i n g tel o m er a s epositive HCC cell lines Hep3B, HepG2, SMMC-7721
and telomerase-negative nor mal cell lines BJ, L02.
In HepG2, Hep3B and SMMC-7721, the replicative
multiples increased to 47 230-, 459 837- and 669 251- fold
respectively after 96 h of CNHK500-p53 replication,
similar to those of CNHK500 and WtAd5 (Figure 2A).
However, in normal cell lines BJ, L02, the replicative
multiples of CNHK500-p53 and CNHK500 were only
12.8-, 16.3- and 31-, 53- fold at 96 h, and attenuated
as much as 1354-, 1325- and 559-, 407.5- fold when
compared with WtAd5 (Figure 2B). CNHK500-p53
showed enhanced replication ability both in HepG2,
Hep3B and in BJ under hypoxia condition, but was higher
in HepG2 and Hep3B cells than in normal BJ cells (Figure
2C). As hTERT promoter regulates E1a gene, E1A protein
could be detected in telomerase positive hepatocellular
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cells HepG2 and Hep3B, but not in telomerase negative
normal cells BJ. Under normoxic condition, E1B protein
could hardly be detected due to poor activity of HRE
promoter. When HCC cells were exposed to hypoxia, E1B
protein was induced as a result of increased activity of
HRE promoter (Figure 3A).
Expression of p53 produced by CNHK500-p53
To verify that the p53 expressed by CNHK500-p53 could
secrete efficiently into the media, the conditioned media
from 5 × 104 HepG2 cells infected with CNHK500-p53
or Ad-p53 at a MOI of 0.1 were collected and analyzed
for the presence of p53 protein by ELISA. The quantity
of p53 expressed by CNHK500-p53 and Ad-p53 on
d 3, 5, 7, and 10 post-infection is shown in Figure 3B,
indicating that p53 expression in CNHK500-p53 was
5.1 times more than that in Ad-p53 in HepG2 on d 7.
Western blot analysis revealed a clear band of Mr 53 000
in the conditioned media after HepG2 cells were infected
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Figure 3 A: E1A and E1B expression identified by Western blot demonstrating that all HCC cells infected with CNHK500-p53 or WtAd5 were positive for E1A expression,
however, normal BJ cells were negative for E1A expression when they were infected with CNHK500-p53, and positive only when they were infected with WtAd5, while E1B
of CNHK500-p53 was only expressed under hypoxia condition in HepG2 and Hep3B, and expressed both under normal and hypoxia condition with WtAd5; B: ELISA assay
showing that p53 protein secreted from a HepG2, infected with CNHK500-p53, was significantly higher than that infected with nonreplicative adenovirus Ad-p53 and AdBlank in vitro (P < 0.05); C: Western blot showing enhanced p53 expression in HepG2 infected with CNHK500-p53.
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Figure 4 Cytopathic effects associated with CNHK500-p53,
CNHK500, Ad-p53, and Ad-Blank infection in HCC cell lines HepG2
(A), Hep3B (B), Bel-7402 (C), and normal cell line BJ (D). Seven
days after virus infection, all the cells were stained with crystal violet
and photographed. Comparison with other viruses, CNHK500-p53
showed the strongest selective cytolysis against HCC cell lines.
Infection with CNHK500-p53 at MOI of 0.1-1 was sufficient to
induce its lytic effects in Bel-7402, HepG2, and Hep3B, although
the sensitivity varied among the cell types. In contrast, no apparent
cytopathic effects were observed in BJ even at MOI of 100 after
CNHK500-p53 infection, which was similar to other viruses.

CNHK500
Ad-p53
Ad-blank
CNHK500-p53
CNHK500
Ad-p53
Ad-blank
MOI

0

0.01 0.1

1

10

100

0

0.01 0.1

1

with CNHK500-p53 or Ad-p53 at a MOI of 1 on d 3,
suggesting that the protein in the media was p53 protein
(Figure 3C).
Selective cytolysis of CNHK500-p53
CPE was used to determine whether CNHK500-p53
infection induces selective cell lysis. HCC cell lines (HepG2,
Hep3B, and Bel-7402) and the normal cell line (BJ) were
infected with CNHK500-p53, CNHK500, Ad-p53, and
Ad-Blank at various MOIs, fixed in methanol and stained
with crystal violet 7 d after infection to visualize viable
cells. CNHK500-p53 showed the strongest selective
cytolysis effect among the viruses and killed all cancer cell
lines in a dose-dependent fashion (Figure 4). Infection
with CNHK500-p53 at a MOI of 0.1-1 was sufficient

10

100

to induce its lytic effects, although the sensitivity varied
among the cell types. In contrast, no apparent CPE was
observed in BJ cells 7 d after CNHK500-p53 infection.
Cytotoxicity of CNHK500-p53 was also assessed by MTT
assay. HepG2, Hep3B and MRC-5, BJ cells were infected
with CNHK500-p53 at various viral MOIs. As shown in
Figure 5A, CNHK500-p53 induced more rapid cell death
in HCC cells than in normal BJ cells 7 d after infection.
Furthermore CNHK500-p53 showed a different ability
to kill HepG2 and Bel-7402 with the IC50 being 0.012 and
0.28 of MOI. On the contrary, the IC50 in normal BJ cells
was as high as 352.1 of MOI, suggesting that more than
29 341- or 1257-fold of CNHK500-p53 was needed to kill
half BJ compared with HepG2 and Bel-7402. Comparison
with CNHK500 and WAd5 infection, CNHK500-p53 not
www.wjgnet.com
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Figure 5 Oncolytic efficacy induced by CNHK500-p53
infection evaluated by MTT assay. Statistical analysis
was performed using Student’s t test for differences
among groups. Statistical significance was defined
as P < 0.05. A: HCC cell lines HepG2, Bel-7402
and normal cell lines BJ, MRC-5 were infected at
different MOI of 0.001-100 pfu/cell of CNHK500-p53.
Cell viability was measured by MTT assay 7 d after
infection. CNHK500-p53 induced a more powerful
oncolysis in HCC cell lines than in normal cell lines
(P < 0.05); B: Seven days after infection with virus,
CNHK500-p53 not only showed more powerful
cytolysis than CNHK500 and WtAd5 in HepG2, but
also less profound cytolysis than WtAd5 in BJ (P
< 0.05); C: IC50 of CNHK500-p53, CNHk500, and
WtAd5 demonstrated significant differences among
groups with a,c,eP < 0.05.
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only demonstrated more apparent cytolysis against HepG2
than CNHK500 and WtAd5 but less profound cytotoxicity
than WAd5 against BJ (Figure 5B and C).
Replication of gene-viral system and expression of GFP
gene
To determine the selective replication of CNHK500GFP, HCC cell lines including HepG2, Bel-7402 and
normal cell line BJ were observed under fluorescent
microscope at different time points after being infected
with CNHK500-GFP and Ad-GFP. By conducting GFP
expression, CNHK500-GFP demonstrated a greater
replicative ability than Ad-GFP in HCC cell lines, with no
significant difference in normal cell line. After 3, 7 and 10
d of infection with CNHK500-GFP and Ad-GFP, only
a few scattered cells emitted fluorescence in normal cell
line. However, in HCC cell lines, CPE such as deformation
and aggregation appeared 3 d after infection, and the
fluorescence emission spread from a single cell to many
cells within a large area 7 d after infection. Bel-7402 cells
were particularly sensitive to CNHK500-GFP, many cells
www.wjgnet.com

died with GFP degradation and fluorescence extinction 10
d after infection (Figure 6), showing selective replication
of CNHK500-derivative and correct insertion of GFP
gene.

DISCUSSION
Besides conventional approaches, CRAds specifically
killing tumor cells while sparing normal cells have been
introduced as new agents for cancer therapy in the past
decade [14,15] . The efficacy of CRAds against cancer,
including HCC, is however, limited by several factors,
mainly including tumor specificity and oncolysis[16].
With the advancement in molecular biolog y and
understanding of the function of viral genes, it has
become possible to genetically re-engineer viruses to make
them selectively kill tumor cells over normal tissue. At
present, tumor specificity has been achieved in oncolytic
adenoviruses mainly (1) by altering viral genes that
attenuate replication in normal tissue but not in tumor
cells such as ONYX015 with E1B 55KD deleted [15] ,
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Figure 6 Fluorescent photos of HCC cell lines HepG2, Bel-7402 and normal cell line BJ infected with replicative virus CNHK500-GFP and nonreplicative virus Ad-GFP (200
magnifications).

(2) by placing viral genes that initiate viral replication
under the control of promoter sequences that are active
in tumor cells such as using AFP promoter to restrict
viral replication in AFP-producing HCC[17,18], and (3) by
modifing viral coat proteins that function in host cell
infection.
Studies showed that adenovirus-induced oncolysis can
benefit from combined gene therapy [11,19]. Cancer gene
therapy typically involves delivery of tumor suppressor,
enzyme/pro-drug gene, cytotoxic/pro-apoptotic gene,
immunogene, anti-angiogenic gene directly into tumor
cells[20]. After more than two decades of study, the tumor
suppressor p53 gene is widely regarded as the “genome
guardian.” It has been estimated that at least half of all

human malignancies, including HCC, are related to a
mutation of the p53 gene[21].
In our previous study, we constr ucted a CRAd
containing dual promoters within the E1 region, designated
as CNHK500[12], in which the viral E1a gene is regulated
by hTERT promoter and E1b gene by HRE promoter.
Since telomerase is highly activated in most malignant
tumors but inactive in normal somatic cells[22], CNHK500
can selectively replicate in telomerase-positive cancer cells.
At the same time, its replication ability is further attenuated
in normal cells as hypoxia microenvironment seldom
exists among normal tissues. However, it may propagate
very well in solid tumors because HRE promoter is
transcriptally activated due to hypoxia, a unique feature
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of human solid tumors [23]. A further study suggested
that CNHK500 is tumor-selective in vitro and vivo when
compared with CNHK300 and WtAd5[24]. To enhance the
oncolytic potency of CNHK500, we constructed a new
CRAd CNHK500-p53 by combining oncolytic virotherapy
with gene therapy, which expresses functional p53 during
viral replication in HCC cells as verified by PCR, Western
blot, and ELISA assay. We evaluated the efficacy of
CNHK500 and CNHK500-p53 against human HCC cell
lines in vitro.
We found that exogenous expression of p53 by
CNHK500-p53 could lead to enhanced oncolytic potency
compared with its parent CNHK500 on most HCC
cell lines, while the ability of selective replication was
not significantly different between them. The superior
efficacy of CNHK500-p53 was independent of the
cellular p53 genetic background. It was reported that
the expressed p53 gene appears to exert its anticancer
activities by one or more of the following mechanisms:
(1) simultaneously triggering apoptotic pathways in tumor
cells by a transcription-dependent mechanism in cell
nuclei[25,26] and by a transcription-independent mechanism
in mitochondria[27] and Golgi apparatus[28]; (2) activating
immune response factors such as natural killer cells [29]
to exert “bystander effects”; (3) inhibiting DNA repair
and antiapoptosis functions in tumor cells[30]; (4) downregulating the expression of multidrug resistance genes[31]
to revert the resistance of tumor cells against radio- and
chemotherapies as well as the vascular endothelial growth
factor gene[32] to block the blood supply to tumor tissue
and matrix metalloproteinase[33] to suppress tumor cell
adhesion, infiltration, and metastasis; (5) blocking the
transcription of survival signals in tumor cells[34,35], thus
inhibiting the growth of tumor cells in any stage of the
cell cycle. Hence, dysfunctional p53 of HCC cells might
delay conditionally replicative adenovirus-induced cell
death, thus limiting conditionally replicative adenovirus
efficacy.
In conclusion, CNHK500-p53 has the selective
replicative ability in HCC cell lines and a higher oncolytic
efficacy than its parent CNHK500 in vitro. The enhanced
oncolytic efficacy may be related to the expression of p53
gene carried by CNHK500-p53. Further experiments are
needed to warrant its potential therapeutic effect against
HCC.
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Background

Hepatocellular carcinoma (HCC) is one of the most frequent and lethal
malignancies worldwide especially in China. According to the reports of American
cancer society (ACS) in 2005, the 5-year survival rate of HCC is only about 8.3%.
Therefore, development of effective alternative approaches is needed. Replicationselective virus-mediated gene therapy holds great promise for the treatment of
cancer, including HCC.
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So far, 656 cancer gene therapy clinical protocols are in different phase of
evaluation worldwide. Unfortunately, successful delivery and targeted expression
of therapeutic gene into cancer cells still are very difficult to achieve. The main
problem is due to the very low in vivo transduction and expression efficacy of
available vectors. In this respect, conditionally replicative adenoviruses appear as
attractive vectors. Combination of oncolytic virotherapy and gene therapy may be
an effective alternative approach against cancer.

Innovations and breakthroughs

In order to construct tumor-specific conditionally replicative adenoviruses,
adenovirus E1A gene expression was driven by the hTERT promoter and E1B
gene by the hypoxia response (HRE) promoter through genetic engineering,
which assures adenovirus replication only in telomerase-positive cells exposed
to hypoxia. Besides, human p53 gene was cloned into the downstream of E1A of
adenovirus to enhance oncolysis. It was different from other study in adenovirus
reconstruction methods. Meanwhile, the recombinant adenovirus was verified
by PCR assay, and showed tumor-specific replication and enhanced oncolysis
against HCC cell lines in vitro.

Applications

The results of our present study demonstrate that p53-expressing conditionally
replicative adenovirus has the selectively replictive ability in HCC cell lines and
a higher oncolytic efficacy than non-p53-expressing conditionally replicative
adenovirus in vitro. The enhanced oncolytic efficacy may be related to the
expression of p53 gene. Further experiments are needed to warrant its potential
therapeutic effect against HCC.

Terminology

CRAds: conditional replicative adenoviruses, recombinant adenoviruses modified
to selectively replicate in cancer cells; Oncolytic virotherapy: one of the cancer
therapies by obtaining a virus that replicates and preferentially kills cancer cells,
leaving the surrounding normal tissues relatively intact; Cancer gene therapy:
Cancer gene therapy can be defined as transfer of nucleic acids into tumor
or normal cells to eradicate or reduce tumor mass by direct killing of cells,
immunomodulation or correction of genetic errors, and reversion of malignant
status. Initially started with lots of optimism and enthusiasm, cancer gene therapy
has shown limited success in treatment of patients.

Peer review

This is an interesting manuscript. In this manuscript, Hing-Chuan Zhao et al
take advantage of the selective expression of hTERT and HIF in tumoral cells
to express under their respective promoters E1A and E1B assuring adenovirus
replication only in telomerase cancerous cells exposed to hypoxia. The data
are clearly presented. They show the selective replication and expression of
adenoviral proteins as well as the selective cytopathic effect of their adenovirus.
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Abstract
AIM: To investigate the roles of Bax and p53 proteins
in photosensitivity of human colon cancer cells by using
lysosome-localizing photosensitizer, ATX-S10Na (Ⅱ).
METHODS: HCT116 human colon cancer cells and
Bax-null or p53-null isogenic derivatives were irradiated
with a diode laser. Early apoptosis and cell death in
response to photodynamic therapy were determined by
MTT assays, annexin V assays, transmission electron
microscopy assays, caspase assays and western blotting.
RESULTS: Induction of early apoptosis and cell death
was Bax- and p53-dependent. Bax and p53 were
required for caspase-dependent apoptosis. The levels
of anti-apoptotic Bcl-2 family proteins, Bcl-2 and Bcl-xL,
were decreased in Bax- and p53-independent manner.
CONCLUSION: Our results indicate that early apoptosis
and cell death of human colon cancer cells induced
by photodynamic therapy with lysosome-localizing
photosensitizer ATX-S10Na (Ⅱ) are mediated by p53Bax network and low levels of Bcl-2 and Bcl-xL proteins.
Our results might help in formulating new therapeutic
approaches in photodynamic therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Photodynamic therapy (PDT) is a therapeutic procedure
involving the use of tissue-penetrating laser light after the
administration of tumor-localizing photosensitizers, and
is used for the efficient treatment of a variety of solid
and superficial cancers[1]. Tumor cell death in response
to PDT is induced via apoptosis and/or necrosis, and
depends on various conditions, such as tumor cell type,
intensity of laser irradiation, and subcellular localization
and concentration of the photosensitizer[2-4]. Localizing
photosensitizers in cytoplasmic organelles generate
reactive oxygen species by photochemical reactions,
resulting in induction of cell damage[1,5,6]. Cell damage
modes and the initial subcellular targets are related to
the localization sites of the photosensitizers, specifically,
mitochondria and lysosomes[7]. Mitochondria-localizing
photosensitizers, such as silicon phthalocyanine (Pc) 4,
cause rapid dissipation of the mitochondrial membrane
potential and result in the release of cytochrome c[8]. In
contrast, the hydrophilic chlorine photosensitizer ATXS10Na (Ⅱ), localizes mainly in lysosomes[9,10] and activates
apoptotic pathways via mitochondrial destabilization
following the photodamage of lysosomes[11]. Lysosomal
proteases released by lysosomal photodamage, in turn
activate caspases directly and/or indirectly subsequent to
mitochondrial damage[12]. Nonetheless, the mechanisms
by which lysosome-localizing photosensitizers activate
apoptotic pathways are not fully understood.
Members of the p53 tumor suppressor gene family
play various roles in response to DNA damage, such
as cell cycle regulation, DNA repair, and induction of
apoptosis[13,14]. Expression of the wild-type p53 induced
by chemotherapy or radiation increases the sensitivity to
apoptosis, whereas a mutated or deleted p53 alters the
sensitivity[15]. Furthermore, p53 regulates pro-apoptotic
Bcl-2 family proteins [16,17], and these proteins localize
to mitochondria and heterodimerize through a BH3
domain with anti-apoptotic Bcl-2 family members, such as
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Bcl-xL[18,19]. Bax modulates the mitochondrial pathway of
apoptosis by allowing the efflux of apoptogenic proteins.
The shift in the balance of the pro-apoptotic and antiapoptotic Bcl-2 family members regulates the translocation
of cytochrome c from mitochondria to cytosol[20]. Although
various studies indicate the involvement of Bax and p53 in
PDT-mediated apoptosis[21-24], there are conflicting reports
about whether the induction of apoptosis correlates with
cell death.
The aim of the present study was to elucidate the roles
of Bax and p53 in response to lysosomal photodamage
induced by ATX-S10Na (Ⅱ)-PDT, which might contribute
to more effective clinical use of PDT in cancer therapy. We
used an established human colon cancer cell line, HCT116,
which expresses wild-type Bax and p53, and derivative
lines of HCT116 that differ from the parental line by
virtue of a selective knockout of either Bax or p53[25,26].

MATERIALS AND METHODS
Reagents
ATX-S10Na (Ⅱ), 13, 17-bis (1-carboxypropionyl)
carbamoylethyl-8-ethenyl-2-hydroxy-3-hydroxyiminoethylidene-2, 7, 12, 18-tetramethylporphyrin sodium salt was
provided by Photochemical Co. (Okayama, Japan), and was
dissolved in phosphate-buffered saline (PBS).
Cell cultures
Bax-null or p53-null derivatives of the wild-type HCT116
cell line, generated by targeted homologous recombination
to create homozygous deletion, were a generous gift
from B. Vogelstein (Johns Hopkins Oncology Center,
Baltimore, MD, USA) [27,28] . Cells were maintained in
McCoy’s 5A medium (GIBCO-BRL, Bethesda, MD, USA)
supplemented with 10% fetal calf serum (Thermo Trace,
Melbourne, Australia) and 1% penicillin/streptomycin
(GIBCO-BRL) in a 37℃, 5% CO 2 , fully humidified
incubator and passaged twice weekly.
PDT protocols
Exponentially growing cells were seeded in 96-well
microplates or 35-mm dishes to approximately 30%
confluence 48 h before PDT. ATX-S10Na (Ⅱ) was
added to the culture medium to a final concentration
of 20 μg/mL 24 h before PDT. Medium was replaced
with fresh medium, and the cells were irradiated with a
diode laser (Hamamatsu Photonics, Hamamatsu, Japan)
at a wavelength of 670 nm. The energy fluence rate was
0.167 W/m2 as measured using LaserMate power meter
(Coherent, Auburn, CA, USA). Exposure for 5 min
resulted in an incident energy fluence of 5 J/cm2.
MTT assays
Cytotoxicity of PDT was determined by colorimetric assay
with 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,
4-disulfophenyl)-2H-tetrazolium, monosodium salt reagent
(Cell Counting Kit-8, Wako Pure Chemical Industries,
Osaka, Japan). Following PDT, cells were incubated in
96-well microplates for 24 h. Ten microliters of Cell
Counting Kit-8 reagent[27] were added to each well, and
cells were incubated at 37℃ for 4 h. After thorough
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mixing, the absorbance of each well was measured at
450 nm with an Ultramark microplate reader (Bio-Rad
Laboratories, Hercules, CA, USA).
Annexin V assays
Cells were collected by trypsinization and washed with icecold PBS, suspended in 500 μL annexin V binding buffer
containing 5 μL of propidium iodide (PI) and 5 μL of
annexin V-FITC (BioVision, Mountain View, CA, USA),
and incubated for 15 min at room temperature in the dark.
Fluorescence was measured on a BD LSR flow cytometer
(Becton Dickinson, NY, USA) and processed with Cell
Quest software (Becton Dickinson) for analysis.
Cell cycle analysis
Cells were collected and washed in cold PBS, fixed in 70%
ethanol pre-chilled at -20℃, washed, resuspended in 25
μg/mL of PI with 100 μg/mL RNase A, and incubated
for 30 min at 37℃. Fluorescence was measured on a
BD LSR flow cytometer. Data were analyzed using the
MODFIT 2.0 program (Verity Software).
Transmission electron microscopy assays
Ultrastructural appearances of apoptotic cells were
confirmed by electron microscopy. Following PDT, cells
were prefixed with 2% glutaraldehyde, post-fixed with
1% osmic acid, dehydrated in graded ethanol, embedded
in resin, and cut into sections on an ultramicrotome. The
cells were examined by a transmission electron microscope
(TEM) (H-7500, Hitachi, Tokyo, Japan).
Quantification of caspases 3, 8 and 9 activity
Activities of caspases 3, 8 and 9 were measured by Caspase
Fluorometric Assay kits (R&D Systems Inc., Minneapolis,
MN, USA) according to the instructions provided by
the manufacturer. Briefly, cells in 35-mm dishes were
washed twice with ice-cold PBS and lysed in 100 μL of
lysis buffer. Next, 50 μL of cell lysates were transferred
to a 96-well plate containing reaction buffer, and were
incubated for 2 h at 37℃ with 5 μ L of caspase 3-, 8or 9-specific fluorescent substrate DEVD-AFC, IETDAFC and LEHD-AFC, respectively. Plates were read with
an ARVOsx-2 fluorescence microplate reader (Wallac,
Turku, Finland) using an excitation light of 400 nm and an
emission light of 505 nm.
Preparation of protein extracts and immunoblotting
Cells in 35-mm dishes were washed twice with ice-cold
PBS, lysed in 100 μL of lysis buffer [50 mmol/L HEPES
(pH 7.4), 1% Triton X-100, 0.5% sodium deoxycholate,
150 mmol/L sodium chloride, 5 mmol/L EDTA with
protease inhibitors pepstatin A (2 μg/mL), aprotinin (10
μg/mL), leupeptin (10 μg/mL) and phenylmethylsulfonyl
f luoride (100 μ g/mL)] and sonicated. The lysates
were centrifuged at 10 000 × g at 4℃ for 10 min. The
supernatant was recovered and protein concentration was
determined by the BCA protein assay (Pierce, Rockford,
IL, USA). Twenty microgram of proteins were loaded on
an SDS-polyacrylamide gel. After electrophoresis, proteins
were electrotransferred onto a nitrocellulose membrane
(Bio-Rad). Membranes were blocked with 5% nonfat milk
www.wjgnet.com
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in Tris-buffered saline with 0.05% Tween-20 (TBS-T) for
2 h at room temperature, and then probed with primary
antibodies for 1 h at room temperature or overnight at
4℃. Horseradish peroxidase (HRP)-labeled secondary
antibodies were used for signal detection and blots were
visualized with Enhanced Chemiluminescence (ECL)
Western blotting detection reagents (Amersham Pharmacia
Biotech, Piscataway, NJ, USA) and recorded on an X-ray
film. For cytosolic fractionation, cells were harvested
in digitonin lysis buffer (75 mmol/L NaCl, 1 mmol/L
NaH2PO4, 8 mmol/L Na2HPO4, 250 mmol/L sucrose and
190 μg/mL of digitonin), supplemented with protease
inhibitors, and incubated on ice for 5 min. Samples
were centrifuged at 10 000 × g at 4℃ for 30 min and
the resulting supernatant was used for Western blotting.
Antibodies were as follows: mouse monoclonal p53 (DO-1)
(Calbiochem, San Diego, CA, USA), mouse monoclonal
Bcl-2 (100) and rabbit polyclonal Bax (N-20), Bcl-x S/L
(S-18) and β-tubulin (H-235) (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), mouse monoclonal cytochrome
c (7H8.2C12) (BD Pharmingen, San Diego, CA, USA),
and HRP-labeled secondary anti-mouse and anti-rabbit
antibodies (Santa Cruz). The image of the specific protein
band on the membrane was scanned, and the intensity
of the image was analyzed by an NIH Image J program
version 1.31.
Statistical analysis
Data are expressed as mean ± SD. Differences between
groups were evaluated by t-test. P values < 0.05 were
considered statistically significant.

RESULTS
Bax- and p53-dependent cell death and apoptosis in
response to ATX-S10Na (Ⅱ )-PDT
To determine the role of Bax and p53 in ATX-S10Na
(Ⅱ)-PDT, we first examined the cells’ phototoxicity
by MTT assays 24 h after laser irradiation. The extent
of ATX-S10Na (Ⅱ) phototoxicity was dependent on
the intensity of laser irradiation (Figure 1A) and the
concentration of ATX-S10Na (Ⅱ) (data not shown).
Wild-type HCT116 cells were significantly more sensitive
to ATX-S10Na (Ⅱ)-PDT than Bax-null or p53-null cells
at 5 J/cm2 (Figure 1A). Laser irradiation greater than 10
J/cm2 resulted in global phototoxic cell death, thereby
preventing the accumulation of cells with PDT-mediated
regulatory responses. Thus, laser irradiation at 5 J/cm2
was chosen for further studies. Next, to determine the
role of early apoptosis in Bax and p53 dependence of
phototoxicity, we examined ATX-S10Na (Ⅱ)-PDTmediated apoptosis by flow cytometry with annexin V and
cell cycle analysis that determines a population of cells
with sub-G1 DNA content 3 or 6 h after laser irradiation.
The percentage of early apoptotic, annexin V-positive and
PI-negative, cells was significantly reduced in Bax-null
or p53-null cells compared with wild-type HCT116 cells
(Figures 1B and D). In contrast, the percentage of late
apoptotic or necrotic, annexin V-positive and PI-positive,
cells was not significantly different (Figure 1C). These
results indicate that Bax and p53 play a central role in early
www.wjgnet.com
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apoptosis induced by ATX-S10Na (Ⅱ)-PDT. TEM studies
revealed that untreated cells have thickened mitochondria
and numerous cytoplasmic vesicles. In contrast, when
treated with PDT, the sections contained many apoptotic
cells with condensed chromatin, apoptotic bodies in the
cytoplasm and cell membrane budding (Figure 1E). The
percentage of apoptotic cells was higher in the wild-type
than Bax-null or p53-null cells 6 h after laser irradiation.
Roles of Bax and p53 in caspase-dependent
ATX-S10Na (Ⅱ )-PDT-induced apoptosis
Since caspases are early effectors for triggering PDTmediated apoptosis[28,29], we examined the roles of Bax
and p53 in caspase activation by ATX-S10Na (Ⅱ)-PDT.
Caspase-3 activity increased in intensity in laser irradiationand time-dependent manners within 24 h following PDT
in wild-type HCT116 cells (data not shown). As shown in
Figure 2, activities of caspase-3 and -9 apparently increased
in wild-type HCT116 cells 6 h after laser irradiation. In
contrast, it was significantly inhibited in Bax-null or p53null cells. These results indicate that the caspase-dependent
apoptotic process induced by ATX-S10Na (Ⅱ)-PDT was
Bax- and p53-dependent. Activation of caspase-8 was
slightly increased compared with caspase-9, indicating
that the mitochondrial pathway of apoptosis is the major
process in response to ATX-S10Na (Ⅱ)-PDT. In Bax-null
HCT116 cells, caspase-9 activity was significantly but not
completely inhibited, and the protein level of cytochrome
c released from mitochondria was reduced but not absent
(Figure 3), indicating that the mitochondrial pathway of
apoptosis is induced by ATX-S10Na (Ⅱ)-PDT, even
though Bax was absent. In p53-null cells, caspase-9 activity
was slightly inhibited, and the protein level of cytochrome
c released from mitochondria was not reduced (Figure 3),
indicating that p53 is required for ATX-S10Na (Ⅱ)-PDTmediated apoptosis.
Decreased levels of anti-apoptotic proteins Bcl-2 and BclxL in response to ATX-S10Na (Ⅱ )-PDT play a role in early
apoptosis, and are Bax- and p53-independent
Previous studies indicated that the levels of anti-apoptotic
proteins Bcl-2 and Bcl-xL were reduced and pro-apoptotic
proteins Bcl-xS, Bak and Bad, but not Bid, were up-regulated
in response to PDT [30-33]. Therefore, we determined the
association of Bax and p53 with anti-apoptotic Bcl-2
family proteins in ATX-S10Na (Ⅱ)-PDT. Immunoblots
demonstrated no significant changes in Bax and p53
expression (Figure 3). In contrast, Bcl-2 and Bcl-xL expression
were decreased to similar levels in each cell type, indicating
that Bax- and p53-independent downregulation of Bcl-2 and
Bcl-xL plays a role in early apoptosis induced by ATX-S10Na
(Ⅱ)-PDT.

DISCUSSION
Many studies have shown that PDT kills tumor cells via
apoptosis and/or necrosis in vivo and in vitro. Although cell
death in response to PDT depends on various conditions,
the role of Bax or p53 in PDT remains controversial.
This study was designed to determine the role of these
proteins in ATX-S10Na (Ⅱ)-PDT by using an isogenic set
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Figure 1 ATX-S10Na(Ⅱ)-PDT-mediated cell death and early apoptosis were Bax- and p53-dependent. Cells were treated with, or without, ATX-S10Na(Ⅱ)-PDT and
harvested at each indicated time point following irradiation. A: Phototoxicity was determined by MTT assay 24 h after laser irradiation. Data are expressed as a ratio of cell
viability relative to untreated control cells. Data represent the mean ± SD of three independent experiments (aP < 0.05 vs wild-type cells). B, C: Early apoptotic changes (B)
and late apoptotic or necrotic changes (C) were determined by annexin V apoptosis assays at 3 or 6 h after laser irradiation. Data are expressed as a percentage of annexin
V-positive and PI-negative (B) or annexin V-positive and PI-positive cells (C). Data represent the mean ± SD of three independent experiments (bP < 0.05 vs wild-type cells).
D: Cell cycle distributions were determined by flow cytometry at 3 or 6 h after laser irradiation. Data are expressed as a percentage of sub-G1 fraction. E: Morphological
changes in response to ATX-S10Na(Ⅱ)-PDT were determined by transmission electron microscopy assays at 3 or 6 h following laser irradiation. Typical subcellular
changes in response to PDT are shown (original magnification × 12 000). Scale bar: 15 µm, N: nuclei.
www.wjgnet.com

ISSN 1007-9327

CN 14-1219/R

12

B

8

Caspase 8 activity
(fold increase to control cells)

Caspase 3 activity
(fold increase to control cells)

A

a
a

4

0

World J Gastroenterol

Wild-type
PDT 6 h

Bax-null
  PDT 6 h

3

C

2
a

a
1

0

  p53-null
PDT 6 h

February 7, 2007

Wild-type
PDT 6 h

Bax-null
  PDT 6 h

Caspase 9 activity
(fold increase to control cells)

696

Number 5

10

5

a

0

  p53-null
PDT 6 h

Volume 13

Wild-type
PDT 6 h

Bax-null
  PDT 6 h

  p53-null
PDT 6 h

Figure 2 Induction of apoptosis by ATX-S10Na (Ⅱ)-PDT was caspase-dependent. Cells were treated with, or without, ATX-S10Na (Ⅱ)-PDT, harvested and lysed at
6 h after laser irradiation. Induction of caspase activity was assayed. A: caspase-3; B: caspase-8; C: caspase-9. Data represent the mean ± SD of three independent
experiments (aP < 0.05 vs wild-type cells).

C

Wild-type  		
3
6

C

Bax-null
3

		
6

  C

p53-null
3	  6 (h after PDT)
Bax
p53
Bcl-2
Bcl-xL
Cytosolic Cyt c

1.5

1.5

1.0

1.0

1.0

0.5

C 3
6
Wild-type

C 3 6
Bax-null

  C

0.0

3 6
p53-null

C 3
6
Wild-type

C 3 6
Bax-null

1.0
0.5

C 3
6
Wild-type

C

3 6
Bax-null

  C 3 6
p53-null

C 3
6
Wild-type

C 3 6
Bax-null

  C 3 6
p53-null

C 3
6
Wild-type

C

  C

1.5

4.0
2.0
0.0

0.5
0.0

  C 3 6
p53-null

6.0
cyt c level

Bcl-xL level

1.5

0.0

0.5

β-tubulin level

0.0

Bcl-2 level

1.5
p53 level

Bax level

β-tubulin

C 3
6
Wild-type

C 3 6
Bax-null

  C 3 6
p53-null

1.0
0.5
0.0

3 6
Bax-null

3 6
p53-null

Figure 3 Low levels of Bcl-2 and Bcl-xL played a role in ATX-S10Na(Ⅱ)-PDT. Cells were treated with, or without, ATX-S10Na(Ⅱ)-PDT, harvested and lysed at 3 or 6
h after laser irradiation. Western blot analysis was performed. Each protein level was quantified by using NIH Image J program. Data represent the mean ± SD of three
independent experiments.

of human colon cancer cell lines derived from HCT116.
Our results indicated that ATX-S10Na (Ⅱ)-PDT induced
Bax- and p53-dependent cell death and early apoptosis of
human colon cancer cells. ATX-S10Na (Ⅱ)-PDT induced
caspase-dependent apoptosis and reduced the levels of
anti-apoptotic proteins Bcl-2 and Bcl-xL. Apoptosis was
mediated mainly through a Bax-regulated mitochondrial
www.wjgnet.com

pathway. Taken together, these results suggest that Bax and
p53 play a central role in inducing early apoptosis and cell
death by ATX-S10Na (Ⅱ)-PDT.
Various experiments have shown that the pro-apoptotic
Bcl-2 family protein Bax plays a role in the mitochondrial
pathway of apoptosis by translocating from the cytosol to
the mitochondria[20]. Our present experiments revealed that
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wild-type HCT116 cells were significantly more sensitive to
ATX-S10Na (Ⅱ)-PDT than Bax-null cells, as determined by
MTT assays (Figure 1). Induction of early apoptosis by ATXS10Na (Ⅱ)-PDT was also Bax-dependent, as determined
by the annexin V assay and cell cycle analysis (Figure 1).
Bax was required for caspase activation and cytochrome c
release, but the mitochondrial pathway of apoptosis was not
completely inhibited in the absence of Bax (Figures 2 and 3).
The protein level of Bax did not apparently change in the
wild-type or p53-null cells (Figure 3). These findings suggest
that Bax plays a central role in PDT-mediated cell death and
the mitochondrial pathway of apoptosis. As Bax was a major
mediator of p53-dependent apoptosis, early apoptosis was
apparently processed without Bax activation. Contrary to our
findings, earlier reports showed that DU-145 human prostate
cancer cells that lack Bax expression do not show release
of cytochrome c from mitochondria, loss of mitochondrial
potential, caspase activation or apoptosis, but do have an
altered sensitivity to overall cell death [24]. In contrast, a
comparison of the PDT response of wild-type and Bax-null
HCT116 human colon cancer cells showed reduced release
of cytochrome c but it was not completely blocked in Baxnull cells. In both cell lines, caspase-dependent apoptosis
was triggered and cell killing was equally sensitive; however,
no significant differences in the activation of caspase-3 were
found[34]. The authors concluded that the commitment to cell
death after PDT occurs at a step prior to and irrespective
of Bax activation. Differences between our results and the
above findings may be due to cellular differences unrelated
to Bax expression, intensity of laser irradiation or type of
photosensitizer.
The tumor suppressor protein p53 plays an important
role in response to various stress conditions[13,14]. Our present
experiments revealed that wild-type HCT116 cells were
significantly more sensitive to ATX-S10Na (Ⅱ)-PDT (Figure
1). In addition, induction of early apoptosis by ATX-S10Na
(Ⅱ)-PDT was p53-dependent (Figure 1). p53 was required
for caspase-3 activation (Figure 2). The mitochondrial
pathway of apoptosis was not significantly inhibited in the
absence of p53 (Figures 2 and 3). These findings suggest
that p53 might play a role in PDT-mediated early apoptosis
and cell death. Consistent with our findings, HL60 human
promyelocytic leukemia cells that express wild-type p53 are
more photosensitive than p53-deleted or mutated HL60
cells[21]. Introduction of the wild-type p53 gene into the HT29
colon cancer cells induced growth arrest but not cell death by
PDT[23]. In non-isogenic colon carcinoma cell lines, increased
photosensitivity of a wild-type p53 phenotype was observed
compared with a mutated p53 phenotype[22]. Taken together,
it is conceivable that Bax and p53 play central roles both,
in cell death and in early apoptosis induced by ATX-S10Na
(Ⅱ)-PDT.
The ratio of pro-apoptotic to anti-apoptotic Bcl-2
family members helps determine the threshold for inducing
mitochondrial-related apoptosis[20]. Overexpression of Bcl-2
in Chinese hamster ovary (CHO) cells inhibited apoptosis
and partly protected against cell death induced by PDT[35].
Reduction of Bcl-2 protein levels by Bcl-2 antisense
oligonucleotides in radiation-induced fibrosarcoma (RIF-1)
cells resulted in sensitization to PDT-mediated apoptotic
death[31]. Our experiments revealed that decreased levels of
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Bcl-2 and Bcl-xL were Bax- or p53-independent in response
to ATX-S10Na (Ⅱ)-PDT. Cytochrome c release from
mitochondria was not completely inhibited in the absence of
Bax or p53 (Figure 3). These findings suggest that reduced
levels of anti-apoptotic Bcl-2 family proteins, that are Baxor p53-independent, played a role in cytochrome c release
and apoptosis induced by ATX-S10Na (Ⅱ)-PDT. Low levels
of these proteins could be the result of caspase activation
or photochemical targets of PDT. PDT using mitochondrial
photosensitizer phthalocyanine Pc 4, directly damaged Bcl-2
and Bcl-xL, and contributed in the induction of apoptosis[33,36].
In conclusion, Bax and p53 play a central role in the
apoptotic process and cell death induced by ATX-S10Na
(Ⅱ)-PDT in human colon cancer cells. Low levels of antiapoptotic Bcl-2 family proteins Bcl-2 and Bcl-x L, which
are Bax- and/or p53-independent, play a role in the early
apoptotic process. Bax and p53 can induce apoptosis and cell
death in response to ATX-S10Na (Ⅱ)-PDT, which might
help in the design of new therapeutic approaches.
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Abstract
AIM: To explore the molecular events taking place
during human colon cancer development and progression
through high-throughput tissue microarray analysis.
METHODS: We constructed two separate tissue
microarrays containing 1.0 mm or 1.5 mm cylindrical
samples acquired from 112 formalin-fixed and paraffinembedded blocks, including carcinomas (n = 85),
adenomatous polyps (n = 18), as well as normal paracancerous colon tissues (n = 9). Immunohistochemical
staining was applied to the analysis of the consecutive
tissue microarray sections with antibodies for 11 different
proteins, including p53, p21, bcl-2, bax, cyclin D1, PTEN,
p-Akt1, β-catenin, c-myc, nm23-h1 and Cox-2.
RESULTS: The protein expressions of p53, bcl-2, bax,
cyclin D1, β-catenin, c-myc, Cox-2 and nm23-h1 varied
significantly among tissues from cancer, adenomatous
polyps and normal colon mucosa (P = 0.003, P = 0.001,
P = 0.000, P = 0.000, P = 0.034, P = 0.003, P = 0.002,
and P = 0.007, respectively). Chi-square analysis showed
that the statistically significant variables were p53,
p21, bax, β-catenin, c-myc, PTEN, p-Akt1, Cox-2 and
nm23-h1 for histological grade (P = 0.005, P = 0.013, P
= 0.044, P = 0.000, P = 0.000, P = 0.029, P = 0.000, P
= 0.008, and P = 0.000, respectively), b-catenin, c-myc
and p-Akt1 for lymph node metastasis (P = 0.011, P =

0.005, and P = 0.032, respectively), b-catenin, c-myc,
Cox-2 and nm23-h1 for distance metastasis (P = 0.020,
P = 0.000, P = 0.026, and P = 0.008, respectively),
and cyclin D1, β-catenin, c-myc, Cox-2 and nm23h1 for
clinical stages (P = 0.038, P = 0.008, P = 0.000, P =
0.016, and P = 0.014, respectively).
CONCLUSION: Tissue microarray immunohistochemical
staining enables high-throughput analysis of genetic
a l t e ra t i o n s c o n t r i b u t i n g t o h u m a n c o l o n c a n c e r
development and progression. Our results implicate
the potential roles of p53, cyclin D1, bcl-2, bax, Cox-2,
β-catenin and c-myc in development of human colon
cancer and that of bcl-2, nm23-h1, PTEN and p-Akt1 in
progression of human colon cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most frequent
cancers in the Western world. At present time, with the
development of living conditions and changes of life
behaviors, CRC has become more and more frequent
in China. The prognosis in advanced cases is poor,
and more than one-third of the patients will die from
progressive disease because the overall survival is about
40% (15%-65%) after 5 years [1]. The development and
progression of CRC, like others cancers, are results of
multiple genetic alterations, so investigation of molecular
changes in tumors representing the entire disease spectrum
may enhance our understanding of mechanism involved in
CRC tumorigenesis. Because CRC is one of the first major
epithelial cancers in which molecular alterations were
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described to occur in a systematic fashion during disease
progression, studies of single molecular markers have not
been successful in defining the biology of this disease[2].
This has prompted investigators to explore multiple
molecules regulating the tumorigenesis in an effort to
identify biologically aggressive tumors and appropriately
select patients for adjuvant systemic or targeted therapies.
However, with the progression of molecular biology and
the development of oncogene research, the cancer-related
genes and genetic alterations have been found rapidly. The
evaluation of the clinical utility of each of these genes
would require multiple consecutive experiments with
hundreds of tumors. This would be both time-consuming
and labor-intensive.
As a new biological technique which allows rapid
visualization of molecular targets in thousands of
tissues specimens at a time, either at the DNA, RNA,
or protein level, tissue microarray (TMA) can facilitate
rapid translation of molecular discoveries to clinical
applications [3]. So it brings us a high-throughput and
rapid technique which can help us complete the timeand people-consuming work. Here, we constructed two
tissue microarrays containing samples from different
stages of human colon cancer, adenomatous polyps and
corresponding normal para-cancerous colon tissues to
survey the gene alterations that may contribute to clinical
behaviors of the colon cancer. We decided to investigate
the role of protein expressions which had been shown
correlated with the development and progression as
well as metastases of colon cancer in previous studies.
In this study, 11 different proteins (p53, p21, cyclin
D1, bcl-2, bax, β-catenin, c-myc, PTEN p-Akt1, Cox-2
and nm23-h1) expressions were assayed by using
immunohistochemical (IHC) staining to consecutive
formalin-fixed tissue microarray sections. The aim was to
obtain a comprehensive survey of the frequency of the
target molecular alterations and the relationship between
the alterations and the clinicopathological features in
human colon cancer.
A number of proteins have been associated with
human carcinogenesis and may be relevant to CRC.
Among these molecules, we chose 11 cancer-related genes
(p53, p21, cyclin D1, bcl-2, bax, β-catenin, c-myc, PTEN
p-Akt1, Cox-2 and nm23-h1) which are altered during
the development and progression of CRC according to
the previous study reports[4-11]. Among these molecules,
p53, p21, cyclin D1, bcl-2 and bax play pivotal roles in
cell cycle regulation and apoptosis. Akt/protein kinase
B (PKB), which is included in phosphatidyl inositol-3OH kinase (PI3K) signaling, controls many intracellular
processes, such as the suppression of apoptosis and
the promotion of the cell cycle [12]. PTEN on 10q23.3
encodes a dual-specificity phosphatase that negatively
regulates the phosphoinositol-3-kinase/Akt pathway and
mediates cell-cycle arrest and apoptosis[13,14]. β-catenin is
a member of the cadherin-catenin complex that mediates
homotypic cell-cell adhesion[15]. It also plays a role in the
Wnt signaling pathway through regulating target genes
like c-myc. Cox-2 was elevated in human colon cancers,
and the Cox-2 inhibitor, celecoxib, inhibited intestinal
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tumor multiplicity in a mouse model and reduced the
number of adenomatous polyps in a familial adenomatous
polyposis patient[16,17]. The human nm23 gene, a candidate
metastatic suppressor gene, consists of two genes, nm23-h1
and nm23-h2. Nm23-h1 aberration has been shown to be
correlated with the metastatic potential of colorectal cancer
in some studies[9,18]. More of these molecules were studied
previously by conventional pathological or molecular
biological technologies and the numbers of selected target
molecules were lesser, but in this study we would assay 11
proteins at a time by IHC staining on TMA.
Many investigators and clinicians consider cancer of
the colon and rectum to be two distinct diseases, thus,
we chose to evaluate only the patients with colon cancer
treated with surgery alone in an effort to optimize the
homogeneity of the study population. In addition, all the
tumor specimens selected according our data were from
sporadic colon cancer patients.

MATERIALS AND METHODS
Materials
Demographic and clinical data were collected retrospectively. None of the patients received radiotherapy
or chemotherapy before surgery. Formalin-fixed and
paraffin-embedded tumors, adenomatous polyps and paracancerous tissues specimens were from the archives of
the Department of Gastroenterology, the First Affiliated
Hospital of Soochow University and National Engineering
Center for Biochip at Shanghai. All specimens were
viewed by one pathologist (Jing Fang). The specimens
that were interpretable for IHC included: (1) Eighty-five
cancers including different grades, such as high (n = 11),
moderate (n = 50), low differentiated (n = 24); (2) eighteen
adenomatous polyps removed at colonoscopy; (3) nine
para-cancerous colon tissues resected from colon tissues at
least 5 cm apart from the corresponding cancer tissues.
Construction and sectioning of tissue microarray
T he colon cancer microar ray was constr ucted as
previously described [3]. Briefly, fresh sections were cut
from the donor block and stained with hematoxylin-eosin
(HE), these slides were used to guide the samplings from
morphologically representative regions of the tissues.
A tissue array instrument (Beecher Instruments, Silver
Spring, MD) was used to create holes in a recipient paraffin
block and to acquire tissue cores from the donor block by
a thin-walled needle with an inner diameter of 1.0 mm or
1.5 mm, held in an X-Y precision guide. The cylindrical
samples were retrieved from the selected regions in the
donors and extruded directly into the recipient blocks with
defined array coordinates. After the construction of the
array block, multiple 4-µm thick sections were cut with a
microtom using an adhesive-coated tape sectioning system
(Instrumedics, Hackensack, NJ) (Figure 1).
Tissue loss was a significant factor for tissue arraybased analysis with previously reported rates of tissue
damage ranging from 15% to 33%[19-21]. In our analysis the
rates of lost cases attributable to tissue damage were less
than 5% for the different markers and damaged tissues

Chen WC et al . Molecular events involving in human colon carcinogenesis
Figure 1 HE staining of 4-µm thick section
of the tissue microarray.

were excluded from clinicopathological analyses of the
respective markers.
IHC on formalin-fixed tissue microarray sections
IHC staining for the target genes to sections of the formalin-fixed samples on the tissue microarray was carried
out by using the Envision ready-to-use methods. Slides
were deparaffinized in xylene and rehydrated through
graded concentrations of ethanol to distilled water, and
endogenous peroxidase activity was blocked by incubation with 30 mL/L H2O2 in methanol for 10 min at room
temperature. Then sections were submitted to antigen
retrieval in a pressure cooker containing 0.01 mmol/L natrium citricium buffer for 10 min. Slides were subsequently
incubated in 100 mL/L normal goat serum for 20 min at
room temperature. Sections were permeabilized in PBSTriton and incubated overnight with primary antibody at
4℃. The antibodies were used in PBS-Triton with variable
dilution. Mouse anti-human monoclonal antibodies to p53
(clone Do-7; 1:50 dilution; Beijing Zhongshan Golden
Bridge Biotechnology Co. Ltd.), p21 (clone DCS-60.2;
1:50 dilution; Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd.), bcl-2 (clone 100/D5; 1:50 dilution;
Shanghai Chang-Do Biotechnology Co. Ltd), bax (clone
2D2; 1:50; Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd), β-catenin (clone CAT-5H10; 1:50 dilution;
Beijing Zhongshan Golden Bridge Biotechnology Co.
Ltd), c-myc (clone 9E11; 1:50 dilution; Shanghai ChangDo Biotechnology Co. Ltd), Cox-2 (clone COX229; 1:50
dilution; Beijing Zhongshan Golden Bridge Biotechnology Co. Ltd), nm23-h1 (1:50 dilution; Shanghai Chang-Do
Biotechnology Co. Ltd) and rabbit anti-human antibody to
PTEN (FL-403; 1:100 dilution; Santa Cruz Biotechnology
Inc, USA), p-Akt1 (1:50 dilution; Upstate, USA), cyclin D1
(clone SP4; 1:50 dilution; Shanghai Chang-Do Biotechnology Co. Ltd ) were used. Each section was then incubated
with Envision+TM, peroxidase, mouse or rabbit (GeneTech)
for 30 min. Finally, the sections were reacted with 0.02%
3, 3’-diaminoberzidine and 0.005% H2O2 in 0.05 mmol/L
Tris-Hcl buffer and counterstained by hematoxylin.
The evaluation of the immunohistochemical staining was performed independently by two authors without
knowledge of the clinicopathological information. P53,
p21 and cyclin D1 immunoreactivities were observed in
the nuclei of the cells, while bcl-2, bax, PTEN, p-Akt1,
c-myc, Cox-2 and nm23-h1 in the cytoplasm. Only the im-
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munoreactivity in the nucleus or cytoplasm of β-catenin
was seemed as positive. The immunoreactive scores besides β-catenin and c-myc were determined by the sum of
extension and intensity as reported previously[22] and were
modified for some markers according to clinicopathological correlations. The intensity of the staining was scored
using the following scale: 0, no staining of the tumor
cells; +, mild staining; ++, moderate staining; and +++,
marked staining. The area of staining was evaluated and
recorded as a percentage: 0, less than 5%; +, 5%-25%; ++,
26%-50%; 3+, 51%-75%; and ++++, more than 75%.
The combined score was recorded and graded as follows:
-, 0-1; +, 2; ++, 3-5; +++, 6-7. More than 10% of the
cancer cells showing elevated β-catenin labeling in the cytoplasm was recorded as positive expression. According to
the immunostaining of c-myc in our study, we considered
less than 40% cells expressed c-myc as negative.
Statistical analysis
Computerized statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS), version
13.0. Clinical and histopathologic information and the results from the immunohistochemical studies of the tissue
microarray were entered into a database. The variances of
molecular expressions among different tissues and associations between molecular variables and clinicopathological
data were analyzed with χ2 test, but when the numbers of
the cells in crosstables which had expected count less than
5 exceeded 25% or the minimum expected counts were
less than 1, the Fisher’s exact test was used. The relations
among these molecules were analyzed by Spearman’s bivariates correlation test. In all statistical analyses, a two-tailed
P value ≤ 0.05 was considered statistically significant.

RESULTS
Clinicopathological data
Complete histological and clinical data of the patients were
collected from patients’ records. The median age for the
study population was 58 years (range, 30-86 years). There
were 24 patients with median age less than 58 years. There
was a male predominance in the cancer patients (male:
female ratio = 48:37). Thirty-two patients had positive
lymph node metastasis, whereas 53 had negative. Fourteen
patients had distant metastasis, and 71 had no distant metastasis. The clinical stages of these patients were strictly
identified as A (n = 15), B (n = 33), C (n = 23) and D (n =
14) according to Dukes stage. After the second diagnostic
assessment, there were 24 low, 50 moderately and 11 high
differentiated tissues in these cancer tissue blocks according to the histological grades, while 18 tissues were diagnosed as adenomatous polyps and 9 were normal colon
mucosa epithelium tissues.
Expression of p53, p21, cyclin D1, bcl-2 and bax
Owing to the short half-life of p53 protein, and its low expression levels in normal cells, wild-type p53 levels cannot
be detected by IHC. In cancer cells, most p53 mutations
lead to products that accumulate in the nuclei and can
easily be detected by IHC. Positive immunostaining most
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bcl-2

Figure 2 Immunophenotype of the investigated antigens (p53, p21, cyclin D1, bcl-2 and bax) in colon cancer (original magnification x 200). Positive stainings of p53, p21
and cyclin D1 were located in the cell nuclei, while those of bcl-2 and bax were in the cytoplasm.

Table 1 Comparison of IHC results (p53, p21, cyclin D1, bcl-2 and bax) among varying tissues
Groups

n

P

p53
-

+ ++ +++

Cancer

85 39 6

19

21

Adenomas

18 15 2

1

0

9 0

0

0

112 63 8

20

21

Benign tissue
Total

9

0.003

2

P

p21
-

19 9

28

26

8 5

4

1

9 0

0

0

36 14 32

27

P

Cyclin D1

+ ++ +++

-

17 16 30
1

0.000

22

3

7

8

0

8

1

0

0

28 24 38

22

P

bcl-2

+ ++ +++

0.000

1

-

+ ++ +++

5

1

46

32

1

1

7

8

2

3

3

0

8

5

56

40

P

bax
-

+ ++ +++

21
2

0.001

9 39

16

0

0

9

9

0

1

1

7

21 10 49

32

0.0001

1

Chi-square test; 2Fisher’s exact test.

commonly represents accumulation of the stable protein
product of a mutated p53 gene that has lost its cell cycleregulatory function. In this study, expression of p53 was
identified in 46 of 85 (54%) colon cancer cell nuclei and 3
of 18 (16.66%) adenomas but absent in normal colon mucosa. Positive stainings of p21 and cyclin D1 were also located in the cell nuclei, while bcl-2 and bax were in the cytoplasm (Figure 2). The expression profiles of p21, cyclin
D1, bcl-2 and bax are summarized in Table 1, which shows
differences among these various tissues (cancer, adenomas,
normal mucosa) regarding the IHC results of the cell cycle
and apoptosis-associated protein. The relation between the
immunohistochemical pattern and clinicopathological features is presented in details in Table 2. We found positive
correlation between p53 and bcl-2 (r = 0.245, P = 0.010),
while no significant correlation between p53 and bax (r =
-0.081, P = 0.395).
Expression of Cox-2 and nm23-h1
Cox-2 and nm23-h1 were all correlated with the colon
www.wjgnet.com

cancer progression as previously reported[8,9]. The protein
expression of Cox-2 was detected in 81 of 85 (95%) colon cancer cytoplasm and 16 of 18 (88.88%) adenomas,
and 6 of 9 (66.66%) normal mucosa (Figure 3). Sixty-two
colon cancer patients showed a strong positive staining
of nm23-h1 (score ++~+++) in the cell cytoplasm. The
details of the two genes expression profiles are shown in
Table 3 and the relations with clinicopathological parameters are presented in Table 4.
Expression of PTEN, p-Akt1, β -catenin, c-myc
Expressions of PTEN, p-Akt1, β-catenin, c-myc proteins
were detected in the cell cytoplasm (Figure 4). Immunohistochemical results of PTEN, p-Akt1No showed no
significant difference among the different tissues (data
not shown). Significant difference in the expressions of
β-catenin and c-myc was found among the benign mucosa, adenomas and malignant tissues (Table 5). β-catenin
protein expression had a positive correlation with c-myc
expression (r = 0.483, P = 0.000), thereby suggesting their
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703

Cox-2

nm23-h1

Figure 3 Immunophenotype of the
investigated antigens (Cox-2 and nm23-h1)
in colon cancer (original magnification x
200). The protein expressions of Cox-2 and
nm23-h1 were detected in the cytoplasm.

PTEN

p-Akt1

Figure 4 Immunophenotype of the
investigated antigens (PTEN, p-Akt1,
β-catenin and c-myc) in colon cancer
(original magnification x 200). Expressions
of PTEN, p-Akt1, β-catenin and c-myc were
detected in the cell cytoplasm.

β-catenin

c-myc

potent roles in Wnt pathway during the colon carcinogenesis. Correlations of the protein expression profiles with
the clinicopathological features are shown in Tables 6 and 7.

DISCUSSION
Colon carcinogenesis is characterized by distinct morphological, genetic and cellular events. Development and progression of colon cancer to metastasis and lethal state are
believed to be driven by multiple genetic alterations, the
nature of which has remained poorly understood. Several
pathways, such as cell cycle and apoptosis regulation, Wnt
and PI3K/Akt pathways and so on, have been suggested
to be involved in the progression[5,22,23]. However, the specific molecular alterations are largely dependent on the
genetic background of the individual tumor. Therefore,
investigations of molecular changes in tumors representing
the entire disease spectrum may enhance our understanding of mechanisms involved in colon tumorigenesis.
To efficiently investigate the various molecules poten-

tially relevant for colon tumor biology and to determine
their potential clinical significance, large-scale analysis of
multiple molecules in the same tumor tissues is required.
The newly evolved and recently validated tissue microarray
technique allows such molecular profiling of cancer specimens by immunohistochemistry[24,25]. In 1998, Kononen
et al[24] introduced tissue microarrays (TMAs) as a powerful
technology to rapidly visualize molecular targets such as
genes and gene products in thousands of tissue specimens
at a time. Furthermore, the use of TMAs for immunophenotyping of malignant tumors has recently been validated
by Hoos et al[25] who demonstrated immunohistochemical
analysis to characterize the significance of alterations in
the p53 pathway and other cell cycle-related molecules in
a histopathologically well-characterized cohort of patients
with Hurthle cell (HC) neoplasm. In this study, two tumor
tissue microarrays were constructed that allowed us to
investigate the pattern of protein expressions of multiple
genes and the relationships between the gene alterations
and biological behaviors of colon cancer. We found that
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Table 2 p53, p21, cyclin D1, bcl-2 and bax status in relation to clinicopathological parameters
Clinicopathalogical
parameters

Total

P

p53

Age
Gender

39 17 5

8

9

≥ 58

46 22 1 11

12

Male

48 24 2 10

12

Female

37 15 4

9

9

24 18 0

3

3

Moderate 50 17 3 13

17

High

1

3 2

4

2

14

9 4

19

19

11

4 3

3

Lymph node Negative 53 19 4 16
metastasis
Positive

3

0.6081

0.0052

10 4

13

12

9 5

15

14

12 1

17

16

7 8

11

10

10 4

3

6 3

21

3 1 16

4

18

0.0132 5

9

20

16

0.0822 2 0 24

23

3

3

2

3

11 11

20

11

3

C

23 15 2

3

3

D

14

1

4

9 0

0.061

0.0401

0.1991

5

2

16

3

5 1

12

16

0 0 20

8

0.2922
2

5 1 26

4

Positive

9

19

9

7

6

13

2 0 25

6

23

5 2

3 1 21

10

9

33 10 2

0.7521

12

23

15

10

14

14 8

B

12

17
16

10 5

4

13

7

17

1

6

9 10

5

5

3 2

13

13

6

8 4

5

5

5 1

5

3

2

0.286

0 0

0.6542
0.1392

0.0752

+ ++ +++

11 3

17

8

10 6

22

8

14 6

20

8

7 3

19

8

11 3

9

1

8 6

25

11

6

5

2 0

5

4

2 0 29

21

10 6

26

11

0.5751
10

11

3 1 17

11

11 3

13

5

24

19

3 0 39

29

17 7

32

15

6

3

4 2

7

1

2 2

8

3

6 3

16

8

9 2

8

4

4 2

7

1

0.1002
0

2

7

4

2

7

4

15

7

3

5

5

10

5

0

6

3

2

0.038

0.5791

0.0442

0.4571

5

5

0.7721

0.4072

12 16
0.6442

3 2

0.8911

P

bax

+ ++ +++

9

7

9 0

8

-

6

0.0671

14

0.9661

P

bcl-2

- 1+ 2+ 3+

11

Negative 71 30 6 18

Dukes stage A

1

32 20 2

0.3011

P

cyclin D1

- 1+ 2+ 3+

< 58

Histological Low
grade

Distant
metastasis

P

p21

- + ++ +++

0.0522
2 1

8

0 0

3

9

6

1 0 18

14

2 0 12

9

2 1

3

8

0.487

2

0.6942

0.7162

Chi-square test; 2 Fisher’s exact test.

Table 5 Comparison of the IHC results of b-caternin and c-myc
among varying tissues

Table 3 Comparison of IHC results of Cox-2 and nm23h1among varying tissues
n

Histology

-

Cox-2
P
+ ++ +++

nm23-h1
P
- + ++ +++

Histological characteristics Total b-caternin
		
+
Cancer
Adenomas
Benign tissue
Total

Cancer

85 4

4

30

47

5

7

33

29

Adenomas

18 2

0

13

3

2

1

13

2

9 3

0

1

5

4

1

2

1

112 9

4

44

55

11

9

48

32

Benign tissue
Total

0.002

0.007

Table 4 Cox-2 and nm23-h1 status in relation to
clinicopathological data

Age (yr)
Gender

n

Cox-2
P
- + ++ +++

Clinicopathological
parameters
		

4 3 21

10

Age

1 4 22

19

5 5 24

14

0 2 19

15

39 3 1 17

18

46 1 3 13

29

Male

48 1 2 17

28

Female

37 3 2 13

19

24 3 3 12

6

3 6 13

2

Moderate 50 1 1 14

33

0.008 2 0 23

24

4

7

Lymph node Negative 53 1 2 17
metastasis

33

Positive

32 3 2 13

14

Negative 71 1 3 27

40

Distant
metastasis

nm23-h1
P
- + ++ +++

≥ 58

High

11 0 0

0.239
0.628

0 1

7

3

2 3 29

18

0.223

14 3 1

3

7

15 0 1

0.272

Gender

0.157

0.000

3 4 14

11

3 3 39

26

0.034

2 4

4

39 3 2

20

14

46 2 2

22

20

Male

48 4 4

24

16

Female

37 1 0

18

18

24 4 2

14

4

Moderate 50 1 2

16
4
6
26

68
14
2
84

P

0.003

16

13

9 3

19

15

14 0

19

15

5 3

16

13

11 3

6

4

8 0

26

16

0 0

3

8

7 1

26

19

12 2

9

9

13 3

31

24

5

6 0

4

4

24

23

4

7

Lymph node Negative 53 3 2
metastasis
Positive 32 2 2

22

26

20

8

Distant
metastasis

37

29

Negative 71 2 3

p-Akt1
P
- + ++ +++
10 0

11 0 0

0.8602
0.1672

0.0292

0.1322

14 3 1

5

3

11

1 1 11

2

Dukes stage A

15 0 1

7

7

1 0

6

8

33 0 0 12

21

0 1 16

16

B

33 1 1

15

16

4 1

17

11

C

23 1 2 12

8

2 1 12

8

C

23 1 1

15

6

8 2

8

5

D

14 3 1 3

7

2 4 4

3

D

14 3 1

5

5

6 0

4

4

Fisher’s exact test.
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0.016

0.014

1

Chi-square test; 2 Fisher’s exact test.

0.2812

0.0961

0.0002

0.2752

B

Dukes stage A

0.4081

0.0321

0.0602
Positive

3

P
PTEN
- + ++ +++

≥ 58

High

0.008

Total

< 58

Histological Low
grade

0.434

0.026
Positive

70
13
4
87

c-myc
+

Table 6 PTEN and p-Akt1 status in relation to
clinicopathological data

< 58

Histological Low
grade

15
5
5
25

-

Fisher’s exact test.

Fisher’s exact test.

Groups
		

85
18
9
112

P

0.1062
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Table 7 b-catenin and c-myc status in relation to
clinicopathological data
Clinicopathological parameters Total b-caternin
		
+
Age
Gender
Histological
grade

Lymph node
metastasis
Distant
metastasis
Dukes stage

< 58

39

6

33

≥ 58

46

7

39

Male

48

8

40

Female

37

5

32

Low

24

10

14

Moderate

50

3

47

High

11

0

Negative

53

4

P

c-myc
- +
9

29

5

41

10

38

4

32

11

13

3

46

11

0

11

49

4

48

10

22

6

65

8

5

0

15

2

31

4

19

8

5

0.9831
0.6891

0.0002

0.0111
Positive

32

9

23

Negative

71

8

63

14

5

9

A

15

0

15

B

33

2

31

C

23

6

17

D

14

5

9

0.008

2

0.1171
0.2371

0.0002

0.0051

0.0201
Positive

P

0.0001

0.0002

1

Chi-square test; 2Fisher’s exact test.

the 1.0-1.5 mm cores used to create the arrays were easy to
work with, included enough tumor tissue that histological
relationships were easily evaluated, and focused attention
on limited regions of tumor, thus ensuring high reproducibility of scoring. Furthermore, at the same time, we could
study the morphous of cells and protein expression parallely and avoid the variance in results in different experiment conditions as seen in the conventional technology.
The cell cycle-regulatory machinery is a complex system
of proteins regulating each other’s activity and controlling
the division of cells[26]. We selected p53, p21, cyclin D1
and bcl-2/bax for analysis as target proteins participating
in the regulation of proliferation and apoptosis, which
are known to be deranged in cancer cell cycles, and
which have been shown to affect survival of colorectal
carcinomas. The p53 tumor suppressor plays a pivotal role
in cell cycle regulation and apoptosis. Mutations in the p53
gene are among the most common mutations encountered
in human malignancy. Wild-type p53 along with other
cellular growth factors activate p21 gene expression and
the corresponding p21 protein triggers cell-cycle arrest
in the G1 phase[27]. In colorectal cancer cells, mutated p21
neither suppressed apoptosis nor affected cell survival[28].
In addition to cell-cycle control, p53 mediates programmed
cell death through the bcl-2/bax apoptotic pathway [29].
In this study, we observed that p53 was undetectable in
normal colon tissue and over-expressed in only three
adenomas and 54% of the adenocarcinomas. When the
expression of p53 with clinicopathological parameters was
compared, only the significant relation with histological
grade could be seen, thereby indicating that p53 may be
involved in the late stage of colon carcinogenesis and
in the malignant progression of colon cancer. As to the
others genes, there were significant differences among
the three groups (normal mucosa, adenoma and cancer)
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regarding the immunohistochemical results (cyclin D1,
P = 0.000; bcl-2, P = 0.001; bax, P = 0.000). Comparing
these markers with the clinicopathological features, we
observed the correlation of histological grades with bax,
and Dukes stage with cyclin D1. Thus, we can speculate
that cyclin D1, bcl-2 and bax aberrations may involve
in the colon cancer development and the decreased
expression of bax can accelerate the cancer tissue further
differentiate into advanced stage, and malignant colon
tissue highly expressed cyclin D1 may acquire the invasive
potent. In addition, though the difference of this protein
expression between distant metastasis-positive group and
-negative group was not significant (P = 0.052) in this
study, colon cancer with alteration of bcl-2 expression
may facilitate to metastasize to distance sites. In our study,
p21 over-expression was found in 64 of 82 (78.04%)
cancers and was correlated with advanced stage colorectal
cancer, which is in agreement with a previous report[30].
Further more, IHC revealed that some cancer cells
expressed both p21 and p53, suggesting that p21 can also
be activated by a p53-independent mechanism. A previous
study reported that p53 can inhibit bcl-2 gene expression
by transcriptional activation of the pro-apoptotic bax gene.
But the relationship between p53 and bax in this cohort
tissue was not established. However, our results showed
that the expression of p53 had positive correlation with
bcl-2. The precise mechanism of regulation of bcl-2/bax
pathway through p53 needs further study.
There are two distinct Cox isoenzymes, namely
constitutive Cox-1 and inducible Cox-2. It was reported
that Cox-2 elevated in human esophagus, skin, and colon
cancers, and the Cox-2 inhibitor, celecoxib, inhibited
intestinal tumor multiplicity in a mouse model and
reduced the number of adenomatous polyps in a familial
adenomatous polyposis patient [16,17]. Enhanced Cox-2
expression has been related to tumor differentiation,
distant metastasis and Dukes stage[31,32]. In present study,
Cox-2 immunoreactivity was increased in the colon
carcinoma (91%) and adenomas (88%). However, the
expression of Cox-2 was correlated with less advanced
grade, fewer distant metastases and lower Dukes stage in
these cohort colon cancer tissues. These results indicate
that Cox-2 over-expression might be an early event during
the tumorigenesis in the colon and its role in progression
of colon cancer deserves further investigation. Although
a reduced expression of nm23-h1 has been shown to be
correlated with a high metastatic potential in some human
cancers, such as colorectal cancers, conflicting data have
been reported[9,33]. In our study, expression of nm23-h1
was detected in 79 of 85 (92.94%) cancers, 16 of 18
(88.88%) adenomas and 4 of 8 (50%) normal tissues. The
decreasing tendency of expression of nm23-h1 was found
to be associated with the aggravation of differentiation,
distant metastasis in the cohort patients. Therefore, the
exact role of nm23-h1 in development and progression of
the colon cancer needs further studies.
β -catenin is known to complex with E-cadherin to
form intercellular junctions. It also participates in the
Wnt-signaling pathway, which frequently is disrupted
in colorectal carcinomas by adenomatous polyposis
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coli (APC) or β -catenin mutations [15] . Translocation
of β-catenin to the nucleus with transcription start of
cyclin D1 and metalloproteinase 7 could lead to more
aggressive colorectal carcinomas [34] . C-myc was also
found to be involved in the Wnt pathway and seemed as a
target gene of β-catenin/TCF[35]. It has been extensively
documented that c-myc is over-expressed at RNA and
protein levels at both early and late stages of the colorectal
tumorigenesis[36]. Previous immunohistochemical studies
with β -catenin showed distinct subcellular expression
patterns in the colorectal carcinomas, adenomas, and
benign epithelium, whereas benign tissue almost universally
expressed β -catenin on the plasma membrane only,
adenomas and carcinomas expressed β-catenin to varying
degrees in the cytoplasm and in the nucleus as well[6,36,37].
This finding is not surprising, given the intracellular
pathway described above. However, correlations between
alterations of β-catenin expression in colorectal cancer
and outcome variables have not been consistent[38-40]. In
this study, different expressions of these two molecules
were found among the varying types of tissues. β-catenin
was expressed in 70 of 85 (82.83%) cancer tissues, 13 of
18 (72.22%) adenomas and only 4 of 9 (44.44%) paracancerous normal mucosa. Similarly, positive expression of
c-myc was detected in 68 of 84 (80.95%) colon cancers, 14
of 18 (77.77%) adenomas as well as 25% benign tissues. In
addition to the results which showed positive correlation
between the β-catenin and c-myc in our study (r = 0.483, P
= 0.000), we can assume that over-expression of β-catenin
in the cytoplasm and c-myc might be early events during
the carcinogenesis in human colon via involving in the Wnt
pathway which always distorts during colon tumorigenesis.
However, the cancer tissues in the cohort with overexpression of β-catenin or c-myc exhibited less capacity
to differentiate into advanced grade and invasive potential,
which are contradicted to some previous reports [40,41].
The exact roles of β -catenin and c-myc aberration in
progression of colon cancer requires further investigations.
The phosphatidylinositol-3 kinase (PI3K)/Akt is an
important survival signal pathway that has been shown
to be crucial in the regulation of balance between proapoptotic and survival (anti-apoptotic) signal [42]. The
phosphorylated Akt level can monitor cell growth and
resistance to apoptosis, indicating that activation of
Akt plays an important role during the progression of
colorectal carcinomas by helping promote cell growth and
rescue cells from apoptosis. PTEN is a phosphatase that
negatively regulates the phosphoinositol-3-kinase/Akt
pathway and mediates cell-cycle arrest and apoptosis[43].
One study reported that PTEN protein expression was
abnormal when compared the cancer with benign tissue[44],
but same phenomenon was not found among the cohort
patients including in this study. However, at the same
time, PTEN expression detected by us was found to be
related to tumor histological grade and p-Akt1 was related
to lymph node metastasis. In this study, the expression
profiles demonstrated that though did not involve in
the early development of tumorigenesis, these two
molecules may conduce to the lately progression of colon
cancer which showed lymph node or distant metastasis.
Contradiction between the results of p-Akt1 expression in
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our study and a previous study[11] which reported that Akt
over-expression occurred frequently during human colon
carcinogenesis might be because the gene background (FAP,
HNPCC or sporadic CRC) of the patients studied were
not strictly identified and the antibody used which was a
polyclonal antibody in our study.
In summary, tissue microarrays (TMAs) combined
with immunohistochemical staining for colon cancer,
adenomas and nor mal mucosa showed that TMAs
technology with 1.0 to 1.5 mm core tissue adequately
represents the immunohistochemical pattern of the colon
tissue. It considerably reduces the cost and labor needed
to process tissue slides and enrich the technical spectrum
of histopathology. The over-expressions of p53, cyclin
D1, bcl-2, Cox-2, β -catenin and c-myc and the low or
no expression of bax might be involved in the colon
tumorigenesis and PTEN, p-Akt1 may contribute to
the progression of colon cancer at late stage. No or low
expression of nm23-h1 in colon cancer may contribute to
the cancer cells acquired the invasion and distant metastasis
potential. Further study needs to investigate the precise
mechanism of colon cancer development and progression.

COMMENTS
Background

Studies of single molecular marker have not been successful in defining the
biology of the colon cancer, so we explored multiple molecules regulating the colon
tumorigenesis by using tissue microarray combining with immunohistochemical
staining which can help us complete the time- and people-consuming work.

Research frontiers

In this study, the most worthwhile hotspot I think was investigating 11 molecules
expressions by using the tissue microarray which allows rapid visualization of
molecular targets at a time in protein level.

Innovations and breakthroughs

Firstly I should mention that in this study, we explored 11 molecular expressions
at a time during colon carcinogenesis which was seldom found in our country.
In addition, the expressions of these molecules were detected by using tissue
micoarray which is a new high-throughput biological technique.

Applications

Tissue microarray can facilitate rapid translation of molecular discoveries to clinical
applications used, so we can speculate that the tissue microarray technology
which is fast, convenient and economic may have potential dominant position in
macro-scale detection of tissue specimens in cancer studies.

Terminology

In 1998, Kononen and Kalloiniemi developed tissue microarrays (TMAs) whereby
an ordered array of tissue samples are placed on a single slide. Once constructed,
the TMA can be probed with a molecular target (DNA, RNA or protein) for analysis
by immunohistochemistry, fluorescence in situ hybridization (FISH) or other
molecular detection methods, enabling high-throughput in situ analysis of specific
molecular targets in hundreds or even thousands of tissue specimens.

Peer review

In this study, the authors investigated the expressions of 11 cancer related genes
involving cell proliferation, cell cycle, apoptosis, as well as signal pathway in
human colon cancer, adenoma and para-cancerous mucosa by using tissue
microarray, a new biological technique, combining with immunohistochemical
staining at a time. The results from this study may manifest the colon cancer
situation at some level and have some reference values in our country.
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Abstract

preparation of vagal nerves and spinal cord, while
the inhibitory response induced by stimulating homosegmental acupoints is involved in the intact preparation
of sympathetic nerves. Only the acupuncture-stimulation
with intensity over the threshold of Aδ and/or C afferent
fibers can markedly modulate gastrointestinal motility.
© 2007 The WJG Press. All rights reserved.
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AIM: To investigate the acupuncture-modulated gastric
motility and its underlying neural mechanism.
METHODS: Intragastric pressure and/or waves of
gastric contraction in rats were recorded by intrapyloric
balloon and changes of gastric motility induced by
acupuncture stimulation were compared with the
background activity before any stimulation. Gastrovagal or splanchnic-sympathetic nerves were recorded
or cut respectively for investigating the involvement of
autonomic nerve pathways. Spinalization experiment was
also performed.
RESULTS: Acupuncture-stimulation by exciting Aδ and/
or C afferent fibers, could only modulate gastric motility.
Acupuncture-stimulation on fore- and hind-limbs evoked
a moderate gastric motility followed by increased vagus
discharges with unchanged sympathetic activity, while
the same stimulus to the acupoints in abdomen resulted
in reversed effects on gastric motility and autonomic
nervous activities. The inhibitory gastric response was
completely abolished by splanchnic denervation, but the
facilitative gastric response to stimulation of acupoints
in limbs was not influenced, which was opposite to
the effect when vagotomy was performed. The similar
depressive effects were produced by the stimulation at
the acupoints homo-segmental to the gastric innervation
in the animals with or without spinalization. However, the
facilitation induced by the stimulation at the acupoints
hetero-segmental to the gastric innervation was not
observed in the spinalized animals.
CONCLUSION: Facilitative effects of stimulating
hetero-segmental acupoints are involved in the intact

INTRODUCTION
Acupuncture, a commonly used neuromodulating
technique, has been widely accepted in the treatment of
pain syndromes[1]. It modulates the functions of visceral
organs by inducing activation of the somato-visceral
reflexes and change of the autonomic nervous system[2-4].
Electro-acupuncture therapy is increasingly adopted
in Western countries. Acupuncture involves stimulating
specific somatic points on the body by puncturing
the skin with a needle. Heat, pressure or impulses of
electrical energy can also stimulate the points. It was
reported that the nervous system, neurotransmitters and
endogenous substances respond to electro-acupuncture.
Abundant information is now available concerning the
neurobiological mechanisms of acupuncture related with
the neural pathways and neurotransmitters/hormonal
factors that mediate autonomic regulation, pain relief and
other therapeutics[5]. Being a kind of traditional technique
with a long history, acupuncture has been used to treat a
variety of diseases including pain. Electrophysiological
studies showed that acupuncture might inhibit the neuron
discharge induced by pain of both somatic and visceral
sources at different levels of the central nervous system,
which gives a good explanation for the clinic phenomena
in which acupuncture produces quick effect on somatic
and visceral pain and relatively slow and long post-effect.
Though there are data relating the modulation of somatic
afferent inputs on visceral nociception or dysfunction,
evidence for the role of acupuncture in this process is not
sufficient.
www.wjgnet.com
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The Committee of NIH published a report on the
indications of acupuncture in November 1997. The
summary of the consensus statement indicates that there
is clear evidence that needle acupuncture treatment is
effective on postoperative and chemotherapy-induced
nausea and vomiting during pregnancy and postoperative dental pain[6]. Recent investigations suggest that
acupuncture modulations on visceral functional activities
can be mediated via the autonomic nervous system[2,4,7-9].
In the present study, therefore, we investigated the
modulation of gastric motility by manual/electrical
acupuncture at representative meridian-acupoints in
different parts of the body and its underlying mechanism
involved in different afferent fibers, autonomic nervous
system and the supraspinal center.

MATERIALS AND METHODS
Animal preparation
All animal experiments were carried out in accordance
with the National Institute of Health Guide for the Care
and Use of Laboratory Animals and approved by the
Institutional Animal Care and Use Committee of China
Academy of Chinese Medical Sciences. Experiments were
performed on 48 adult male Sprague-Dawley rats weighing
250-300 g. The rats were fasted overnight with free access
to water and anesthetized with an intraperitoneal injection
of urethane (1.0-1.2 g/kg). The trachea was cannulated
and a catheter was inserted into one of the jugular
veins for infusion of necessary solutions or anesthetics.
The abdomen was opened by midline, and then a small
longitudinal incision was made in the duodenum about 2-3
cm from the pylorus. A small balloon made of condom
was inserted via the incision into the pyloric area and
fixed. Another catheter (1 mm in inner diameter) was
also inserted into the same incision to drain digestive
juices secreted from the stomach. The balloon was
filled with about 0.2-0.5 mL warm water, which gave
the pressure at about 80-150 mmH 2O. Pressure in the
balloon was measured by a transducer (TP-400T, Nihon
Kohden) through a thin polyethylene tube (1.5 mm in
outer diameter) and then input into a polygraph amplifier
(RM-6000, Nihon Kohden) and led to a data acquisition
system (Power-Lab/8 s, AD Instruments) for further
analysis. Demi-fasting gastric motor activity was recorded
as a control for at least 1 h before any stimulation was
applied.
Changes of gastric motility induced by the stimulation
were compared with the background activity in terms of
intragastric pressure and/or waves of gastric contraction.
If the changes of gastric motility during stimulation
were 20% more or less than the background activity, the
response was considered to have an excitatory or inhibitory
regulation.
Blood pressure in a common carotid artery and heart
rate were continuously monitored. The rectal temperature
was kept constantly around 37℃ by a feedback-controlled
heating blanket.
Recording of neural activity, severance of autonomic
nerves and transection of spinal cord
To investigate whether vagal or sympathetic pathways
www.wjgnet.com
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are involved in the stimulatory or inhibitory effects of
acupuncture on gastric motility, subdiaphragmatic gastrovagal or sympathetic postganglionic nerves coming from
a celiac ganglion and innervating the gut branch were
dissected under microscope. Discharges of the vagal or
sympathetic nerves were put into a polygraph (RM-6000,
Nihon Kohden) amplifier through bipolar platinum wire
electrodes and input into a data acquisition system (PowerLab) for further analysis. In experiments, gastro-vagal
nerves were cut in subdiaphragmatic bilateral truncal
vagotomy (an additional cervical bilateral vagotomy was
also performed in several cases) or postgangliotic nerves
innervating the gut branch were cut in sympathetomy (an
additional bilateral splanchnicotomy was also performed in
several cases) in 24 rats.
In spinalization experiments, laminectomy was
performed in C8-T1 of 10 animals. Frozen physiological
saline was used to produce a reversible cold block
(five rats), or transected with knife to determine the
involvement of supraspinal circuit in acupuncture-induced
effect on gastric motility.
Acupuncture stimulation
A needle (0.3 mm in diameter) was inserted into the skin
and its underlying muscles at different acupoints on the
body. The needle was rotated clockwise and anti-clockwise
at 2 Hz for 30 s. Based on the anatomical localization in
rats as compared with that in human body, the stimulated
acupoints included St-13 (acupoint of Stomach-Meridian in
upper-chest), Li-11 (acupoint of Large intestine-Meridian
in forelimb), Cv-6 (acupoint of conception-vessel) and
St-21 (acupoint of Stomach-Meridian in abdomen), Bl-21
(T12 segment, acupoint of Bladder-Meridian in dorsum)
and St-36 (acupoint of Stomach-Meridian in hindlimb).
In electroacupuncture experiments, acupoints were
stimulated by a pair of needle-electrodes inserted 0.3 cm
deep into the skin and electroacupuncture intensities were
chosen as the multiples of the threshold for the activation
of Aδ-fiber or C-fiber, including 0.8 (0.8-TAδ, non-noxious
stimuli, 1.42 ± 0.36 mA) and 2-times of the Aδ-fiber reflex
threshold (2-TAδ, slight nociceptive stimuli, 3.62 ± 0.44
mA), and 1.5 times (1.5-TC, strong nociceptive stimuli, 7.68
± 0.53 mA ) of C-fiber reflex threshold.
The thresholds of Aδ-fiber and C-fiber reflexes
were decided by electrical stimulation of the sural nerve
territory, which could elicite a two-component reflex
response in the ipsilateral biceps femoris muscle. The firstcomponent had a low threshold (1.64 ± 0.33 mA) response
with a short latency (13.2 ± 1.4 ms) and duration (24.2 ±
1.5 ms). The second-component had a longer latency (158.8
± 10.7 ms) and duration (243.8 ± 31.5 ms) and a higher
threshold (4.84 ± 0.67 mA). These electrophysiological
features clearly suggested that the two-components were
produced due to the different afferent volleys activated by
sural nerve stimulation. According to our previous study,
it seems that the first component with a low-threshold
and a short-latency could be elicited by activating the Aδfibers, whereas the second with a higher threshold and
a longer latency might result from the activation of the
unmyelinated C-fiber afferents[10].
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Figure 1 Gastric motility response to electro-acupuncture
stimulation with different intensities. Gastric motility was recorded
for 90 s, of which the first 20 s was the duration of spontaneous
background of gastric activity, 21-50 s was the period of
acupuncture stimulation at acupoints, poststimuli activity was
recorded for 51-90 s. Dash line represents located abdominal
acupoints.

St-21
Cv-6

St-36
0

acup.

90 s

Experimental procedures
The rats were kept in supine position and gastric motor
activity was first analyzed visually to detect the waves of
contractions. A standard protocol was employed for the
determination of effects of acupuncture-stimulation on
gastric motility response. A background gastric activity was
recorded for 5-10 min followed by a test of the responses
to manual or electro-acupuncture at the acupoints for 30 s.
The post-stimuli response was recorded for another 5-10
min.
After a series of experiments was finished, the
rats were sacrificed under deep anesthesia (urethane,
2 g/kg ip).
Statistical analysis
The data obtained before and after intervention between
the two groups were compared statistically by independent
t-test and paired t-test respectively. P < 0.05 was considered
statistically significant. All data were expressed as mean ±
SE.

RESULTS
Gastric motor characteristic
Gastric motor characteristics were observed in 42 rats.
When the intrapyloric balloon pressure was increased to
about 80-200 mmH2O, the rhythmic waves of contractions
in pyloric area were observed. When the pressure was
maintained at about 100 mmH2O by expanding the volume
of the balloon with warm-water, rhythmic contractions
occurred at a rate of four to six per minute and these
rhythmically gastric contractions could be recorded in
either the spinalized rats or the rats with intact central
nervous system. The gastric contractions could also be
recorded after denervation of gastric nerve branches of
the vagal or splanchnic nerves.
Gastric motility response to electro-acupuncture
stimulation with different intensities
The response of gastric motility to the activation of
Aδ-/C-fibers was elicited by stimulating the ipsilateral
sural nerve. The effects of acupuncture stimulation to
Li-11 in the forelimb, St-13 in upper-breast, St-21 and
Cv-6 in the abdomen and St-36 in the hindlimb on gastric
motility were studied. As illustrated by an representative
example in Figure 1 in combination with data in Figure 2,

St-21 n = 10		

Cv-6 n = 10

St-36 n = 10		

St-13 n = 10

0		
Li-11 n = 9

Change
mmH2O
20

  90 s

< Aδ
> Aδ < C
>C

0

Figure 2 Quantitative analysis of gastric motility in strength-dependent response
to electro-acu puncture-stimulation applied to the acupoints on different parts of
body. “< Aδ“: the intensity of the stimulation less than the threshold for activation of
Aδ-fiber; “> Aδ < C”: the intensity of the stimulation over the threshold for activation
of Aδ-fiber, but less than the threshold for activation of C-fiber; “> C”: the intensity
of the stimulation over the threshold for activation of C-fiber.

the acupuncture stimulation with the intensity of 0.8-TAδ
(1.42 ± 0.36 mA) at the above five acupoints did not
produce any significant influences on the gastric motility.
The acupuncture stimulation with the intensity of 2-TAδ
(3.62 ± 0.44 mA) at the acupoints of Li-11, St-13 and
St-36 elicited a mild-moderate facilitation on the gastric
motility, whereas the acupuncture stimulation with the
same intensity to the acupoints of St-21 and Cv-6 brought
about a moderate depression of gastric motility. The
acupuncture stimulation with the intensity of 1.5-TC (7.68
± 0.53 mA) at the acupoints of Li-11, St-13 and St-36
resulted in a strong excitatory gastric motility. In contrast,
a strong inhibition on the gastric motility was induced by
the same acupuncture stimulation at the acupoints of St-21
and Cv-6.
Electro-acupuncture stimulation could induce
regulator y effects on g astric motility. Moreover,
facilitation/depression on the gastric motility induced by
acupuncture stimulation was intensity-dependent. Only
the stimulation with an intensity over the threshold for
activation of Aδ- and/or C-fibers could modulate gastric
www.wjgnet.com
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Figure 3 Gastric motility and autonomic nerve responses to acupuncture
stimulation at different acupoints. In each acupoint stimulus, gastric motility (GM),
activities of gastric vagal (vagus) and postganglionic sympathetic nerve branches
to the stomach (symp), were simultaneously recorded.

motility (P < 0.05, P < 0.001) and the powerful effects
were produced when the strongest electro-acupuncture
stimulation, i.e. 1.5-TC, was given (P < 0.05, P < 0.001).
Gastric motility and activity of autonomic nerves in
response to acupuncture stimulation
Gastric motility in the most rats showed various responses
to acupuncture stimulation at some representative acupoints
on several meridians and different parts of the body.
Manual acupuncture stimulation at either Li-11 in forelimb
or St-36 in hindlimb led to a moderate facilitation of
gastric motility with a rapid enhancement at the beginning
of stimulation, followed by a tonic gastric contraction
lasting throughout the period of acupuncture stimulation.
The typical effects of acupuncture stimulations at Li-11
or St-36 acupoints on discharges of the branches of both
gastric vagal and postganglionic sympathetic nerves to the
stomach are shown in Figure 3. Acupuncture stimulation at
either Li-11 (n = 10) or St-36 (n = 16) acupoints markedly
increased vagal discharges (339.42 ± 133.2 spikes/min
vs 381.6 ± 135.42 spikes/min, P < 0.05). The latency
of increased discharges was about 2-3 s after the onset
of stimulation. The facilitated response lasted for 30 s
with a maximum response at about 10 s after the onset of
acupuncture stimulation. In contrast to vagus response,
spontaneous activity of the sympathetic nerve branch
was not clearly influenced by acupuncture stimulation
at either Li-11 (n = 12) or St-36 acupoints (n = 12) (P >
0.05). Generally, in the animals with high spontaneous
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activity of sympathetic nerves, the same acupuncture
stimulation could mildly inhibit the discharges. However,
the stimulation could produce a slight excitation in the
animals with lower spontaneous sympathetic activity.
The same stimulus to the acupoints of either St-21
or Cv-6 in abdomen, resulted in high suppression with
a rapid onset on gastric tonic motility, followed by an
obvious inhibition on the rhythmic wave of contraction.
The suppression maintained throughout the period
of acupuncture stimulation. In the autonomic nerve
participation, acupuncture stimulation at either St-21
(n = 12) or Cv-6 (n = 10) acupoints markedly increased
sympathetic discharges (476.4 ± 150.78 spikes/min vs
638.82 ± 171.78 spikes/min, P < 0.05). In most cases,
spontaneous vagal activity could also be inhibited slightly (P
> 0.05, n = 12) or remained unchanged (Figure 3).

Li-11

St-21
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Effect of acupuncture stimulation on gastric motility
involved in autonomic nerves
In order to discover their contribution to the facilitation/
inhibition of acupoint-visceral ref lex responses,
denervation of the vagal or sympathetic nerves was
performed in the present study.
The effect of acu-stimulation on gastric motility
was examined in the rats after amputation of bilateral
splanchnic nerves just beneath the diaphragm.
The inhibitory gastric response induced by acupuncture
stimulation to acupoints of St-21 (n = 9), Cv-6 (n =
9) or Bl-21 (n = 9) was completely abolished after
sympathectomy of the bilateral splanchnic nerves, but
the facilitative gastric response induced by acupuncture
stimulation to acupoint of Li-11 (n = 9) was not influenced
significantly and St-36 (n = 9) was only less influenced by
splanchnic denervation (Figure 4 and Figure 5A).
Bilateral subdiaphragmatic vagotomy was performed
to determine the vagal involvement in the stimulatory
or inhibitory effects of acupuncture on gastric motility
(in some experiments, additional vagotomy of bilateral
vagal nerves was also performed at the cervical level to
observe the different results from those obtained in the
rats after incomplete subdiaphragmatic vagotomy). As
shown in Figure 4 and the cumulative results in Figure
5B, the bilateral vagotomy did not abolish the suppressive
gastric response induced by acupuncture stimulation to the
acupoints of either St-21 (n = 9), Cv-6 (n = 9) in abdomen,
or Bl-21 in middle-dorsum (n = 9). However, the bilateral
vagotomy completely depleted the facilitative gastric
response provoked by acupuncture stimulation to the
acupoints of Li-11 in forelimb (n = 9) or St-36 in hindlimb
(n = 9).
Effect of acupuncture stimulation on gastric motility
involved in supraspinal circuit
During acute spinalization at C8-T1 level, steady gastric
motility could still be recorded. But for avoiding the spinal
shock, 30-min period of rest was necessary.
In pre-spinalized animals, as shown in Figures 6 and
7, the gastric motility was inhibited by acupoints of
St-21, Cv-6 or Bl-21, and facilitated by St-36 acupoint.
Acupuncture stimulation at the acupoints of St-21 (n =
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Figure 4 Effect of acupuncture stimulation
on gastric motility in animals with
intact autonomic nervous system, after
sympathectomy of bilateral splanchnic
nerves just beneath the diaphragm but
intact vagi and bilateral subdiaphragmatic
vagotomy but intact sympathetic nerve.
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Figure 5 Analysis of the changes in gastric motility induced by acupuncture stimulation in rats after bilateral sympathectomy (A) of splanchnic nerves and vagotomy (B),
respectively. aP < 0.05, bP < 0.01 and dP < 0.001 vs animals with intact autonomic nervous system.

10), Cv-6 (n = 10) or Bl-21(n = 10) could inhibit gastric
motility in the spinalized rats. On the contrary, gastric
facilitative response induced by St-36 (n = 10) acupuncture
stimulation disappeared completely after spinalization.

DISCUSSION
Our previous study showed that acupuncture-stimulation
had facilitative or inhibitory effect on gastric motility
depending on the different stimulated acupoints on
different parts of the body[10]. In this study, we investigated
how strong the stimulation and what autonomic nervous
system can effectively modulate the gastric motility.
Modulation of gastric motility induced by acupuncture
stimulation involved in activation of fine-diameter afferent
fibers
The flexion reflex is usually described as an EMG

discharge that mainly consists of two-components
separated by periods of an EMG absence. The present
results are very similar to those described by Falinower
et al[11] and by our recent observation [12] in which sural
nerve stimulation evoked a two-component reflex in
the flexor muscles of the ipsilateral hindlimb. Based on
accumulative electrophysiological and pharmacological
evidence, the first-component is triggered by activities of
small diameter Aδ-fibers, and the second-component is
mediated by the unmyelinated C-fibers.
T he present study demonstrated that electroacupuncture stimulation with the strength below TAδ could
not effectively trigger regulatory effects on gastric motility,
regardless of the locations of acupoints. Only electroacupuncture stimulation with the strength exceeding the
thresholds for activation of Aδ and/or C-fibers could
profoundly modulate gastric motility. Moreover, the effects
were strength-dependent and the powerful effects were
www.wjgnet.com
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Figure 7 Effects of acupuncture stimulation at different acupoints on the regulation
of gastric motility in normal and spinalized rats. Triangle-lines represent the prespinalized effects and square-lines indicate the post-spinalized effects. aP < 0.05,
b
P < 0.01 and dP < 0.001 vs the control gastric motility of pre-spinalization.

observed when the strongest stimulation was given.
Electro-acupuncture stimulation has been known to
excite various afferent fibers of rats including groups
[13]
[14]
[15]
Ⅱ-Ⅲ , groups Ⅲ-Ⅳ or groups Ⅱ-Ⅳ . Koizumi
[16]
et al performed a systematical analysis of the relationship
between the magnitude of cutaneo-intestinal reflex
response and groups of stimulated afferent fibers.
Their results indicate that stimulation of groups Ⅱ-Ⅲ
cutaneous fibers in the T10 spinal nerve could not produce
any changes in jejunal motility, while stimulation of groups
Ⅱ-Ⅲ-Ⅳ fibers could always induce inhibitory responses.
Stimulation of the sural afferent nerves of the hindlimb
could elicit facilitative jejunal reflex, which was obtained
when the stimulus intensity could activate group Ⅲ fibers
and the maximal facilitation appeared when the stimulus
intensity could activate group Ⅳ afferent fibers. Noguchi
et al[17] reported that when electro-acupuncture stimulation
intensity at hindlimb was less than 1.5-mA (only activation
of group Ⅱ fibers), equivalently to 0.8-TAδ (1.42 ± 0.36
mA) electro-acu puncyure-stimulation in our present study,
there was no significant response of duodenal motility.
When the intensity of electro-acupuncture stimulation
exceeded 2.0-5.0-mA (activation of groups Ⅱ-Ⅲ and Ⅳ
fibers), equivalently to 2-TAδ (3.62 ± 0.44 mA) electro-acustimulation in our study, a slight increase was observed
in duodenal motility. The maximal excitatory response
of duodenal motility to electro-acupuncture stimulation
was observed in 10-mA (activation of various afferent
fibers) at hindlimb, which was equivalent to1.5-TC (7.68 ±
0.53 mA) electro-acu puncyure-stimulation in our study.
These studies demonstrated that stimulating groups ⅢⅣ, particularly group Ⅳ or C afferent fibers of hindlimb,
could produce an excitatory intestinal reflex response. On
the other hand, stimulation of only group Ⅳ abdominal
nerves produces an inhibitory intestinal reflex response.
These data suggest that only acupuncture stimulation
with an intensity strong enough to excite Aδ (or group
Ⅲ) and/or C (or group Ⅳ) afferent fibers, can lead to
markedly excitatory/inhibitory modulation of gastrointestinal motility.

Facilitation of gastric motility induced by acupuncture
stimulation involved in vagal nerve and supraspinal circuit
The present study showed that acupuncture stimulation to
the acupoints on face, neck, forelimbs, upper chest-dorsum
and hindlinbs produced a facilitative response of gastric
motility. These effects were involved in intact preparation
of vagal nerves and the spinal cord, but did not require
intact preparation of the splanchnic nerves.
Motor activity of the stomach, like other
gastrointestinal organs, is modulated by the changes in
vagal activity. It was reported that electro-acupuncture
at acupoints of St-36 and Pc-6 (Neiguan, located in
forelimb) enhances the gastric migrating myoelectrical
complex in dogs by reducing the length of phase-I and
increasing the length of phases Ⅱ and Ⅲ[18]. Ouyang
et al[19] observed that electro-acupuncture at Pc-6 and St-36
substantially accelerates gastric emptying of liquid in dogs.
The accelerating effect of electro-acupuncture on gastric
emptying may be attributed to the improvement in gastric
tone and antral contractile activity. Enhanced vagal activity
by electro-acupuncture suggests a possible involvement of
vagal pathways in its regulation of gastric motility. Xu[20]
found that the regulatory effect of electro-acupuncture
on gastric dysrhythmia in rabbits could be abolished
after vagotomy. Sato et al [9] showed that acupuncturelike stimulation could elicit an excitatory gastric response
when it is applied to the hindlimb. These findings suggest
that acupuncture provokes a reflex that has cutaneous
and muscle nerves as its afferent pathway, and the gastric
vagus as its efferent pathway. In our study, acupuncture
stimulation at St-36 could facilitate gastric motility by
increasing the activity of gastric efferent nerves. However,
this facilitation of gastric motility disappeared in spinalized
rats. The facilitative duodenal response by electroacupuncture stimulation to a hindpaw is a supraspinal
reflex response involving vagal excitatory nerves, cutting
the splanchnic nerve branches to the duodenal does not
affect the enhanced duodenal response[17].
Facilitation in g astric motility and increase in
parasympathetic activity by (electro-) acupuncture
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stimulation to all acupoints except for those of abdomen
and middle-dorsum (the acupoints of homo-segmental
to the innervation of stomach) are accompanied with a
decrease in sympathetic activity or a breakage of possible
“sympathetic dominance”[21,22], suggesting that these effects
require the participation of supraspinal center.
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Inhibition of gastric motility induced by acupuncture stimulation involved in sympathetic nerve and propriospinal
circuit
The present study showed that acupuncture stimulation to
the acupoints on lower-chest, middle-dorsum and whole
abdomen could induce an inhibitory response of gastric
motility with an increase in the activities of sympathetic
and/or a slight inhibition in the activity of vagal nerves
innervating the stomach, suggesting that these effects are
involved in intact preparation of sympathetic (splanchnic)
nerves, but do not require intact preparation of bilateral
vagal nerves and high spinal cord.
Sato et al[9] showed that the abdominal acupuncturelike stimulation could elicit suppressive response of
gastric motility, indicating that acupuncture provokes a
reflex that has cutaneous and muscle nerves as its afferent
pathway, and the sympathetic gastric branches as its
efferent pathway. This inhibition is accompanied with an
increase in the activity of efferent nerves of sympathetic
gastric branches and can be observed in spinalized rats.
The inhibitory duodenal response to electro-acupuncture
stimulation in abdomen is a propriospinal reflex response
involving splanchnic excitatory nerves, cutting the vagal
ner ve branches to the duodenal does not affect the
suppressed duodenal response[17]. Using duplex Doppler
sonography, Choi et al [23] found that the frequency of
intestinal motility is increased during acupuncture
stimulation at St-36 acupoint. Acupuncture on the lower
abdomen causes a transient relaxation of the stomach,
which can be abolished by splanchnic ganglionectomy but
not by truncal vagotomy[24].
In conclusion, acupuncture stimulation to the
acupoints on face, neck, forelimbs, upper chest-dorsum
and hindlinbs, which are distant to the region of gastric
innervation, produces a facilitative response of gastric
motility with increased activities of vagus and/or a
slight inhibition in the activity of sympathetic nerves.
These effects are involved in the intact preparation of
vagal nerves and spinal cord, but do not require intact
preparation of the splanchnic ner ves. Acupuncture
stimulation to the acupoints on lower-chest, middledorsum and whole abdomen, which are homo-segmental
to the region of gastric innervation, induces an inhibitory
response of gastric motility with increased activities
of sympathetic nerves and/or a slight inhibition in the
activity of vagal nerves. These effects are involved in intact
preparation of sympathetic nerves, but do not require
intact preparation of bilateral vagal nerves and high spinal
cord. Only the acupuncture stimulation with its intensity
greater than the threshold for activation of Aδ and/or C
afferent fibers can induce markedly excitatory/inhibitory
modulation of gastrointestinal motility.
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Abstract
AIM: To observe the therapeutic efficacy of Baicalin in
rats with severe acute pancreatitis (SAP) and explore its
therapeutic mechanisms.
METHODS: The SAP rat models were randomly divided
into the model control group, Baicalin treatment group,
octreotide treatment group and sham operation group.
All groups were randomly subdivided into 3 h, 6 h and
12 h groups with 15 rats in each group. The survival,
ascites volume and pathological changes of pancreas
in all rats were observed at different time points after
operation. The plasma amylase content and serum
TNF-α, IL-6, malonaldehyde (MDA) and PLA2 contents
were also determined.
RESULTS: The survival was not obviously different
between the treated groups, and was significantly higher

in treated groups at 12 h compared to the model control
group (P < 0.05, 15 vs 10). The ascites/body weight
ratio at 3 h and 6 h was significantly lower in Baicalin
treatment group compared to the model control group
and octreotide treatment group (P < 0.05, 1.00 vs 2.02
and 1.43 and P < 0.001, 2.29 (1.21) vs 2.70 (0.80) and
2.08 (2.21), respectively). The contents of amylase,
TNF-α, IL-6, MDA and PLA2 were significantly lower in
the treated groups than in the model control group (P <
0.05, 4342 vs 5303, 5058 vs 6272 in amylase, P < 0.01,
21.90 vs 36.30, 23.80 vs 39.70, 36 vs 54.35 in MDA and
56.25 vs 76.10 in PlA2, or P < 0.001, 65.10 and 47.60
vs 92.15 in TNF-α, 3.03 vs 5.44, 2.88 vs 6.82, 2.83 vs
5.36 in IL-6, respectively). The pathological scores of
pancreas in the treated groups were significantly lower
than that in the model control group (P < 0.05, 9.00
vs 10.05, 6.00 vs 9.00, 8.00 vs 10.05), but no marked
difference was found between the treated groups.
CONCLUSION: The Baicalin injection has significant
therapeutic effects on SAP rats, its effects are similar to
those of octreotide. The Baicalin injection is also cheap
and has a big application range, quite hopefully to be
used in clinical treatment of SAP.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
As one of the life-threatening severe diseases, severe acute
pancreatitis (SAP) has acute onset, rapid progression,
multiple complications, and its mortality has reached
20%-30%. The pathogenesis of SAP is still unknown,
and no breakthrough has ever been made in its treatment.
Currently, mainly somatostatin and its analog octreotide
are effective drugs for SAP treatment in the clinic.
Octreotide, also named sandostatin, as an analog of
www.wjgnet.com
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natural somatostain plays an important role in improving
the survival rate of SAP animals, inhibiting secretion
of pancreatin and alleviating multiple organ injury [1-3].
However, the expensive price, shor t half-life and
inconvenient administration of these drugs have restrained
their clinical popularization, especially in remote poor
areas. So, it is necessary to find some cheap and highly
effective drugs.
In “Qing Yi Tang” which is a representative prescription of Chinese medicine for SAP treatment, the
enor mous clinical practices also sug gest its sound
therapeutic effects on SAP[4]. Scutellaria baicalensis georgi
is a main material in “Qing Yi Tang” while Baicalin
(monomer) is its main active constituent. The intravenous
administration with very low price can overcome the
shortcomings of oral administration of “Qing Yi Tang”,
including poor absorption and inconvenience. The in
vitro experiments of Baicalin have proved[5-7]: it has antibacterial, anti-viral and anti-inflammatory activities. It can
also inhibit platelet aggregation and eliminate oxygen-free
radicals. In animal experiments, Baicalin with choleretic
effectcan can relieve fever, inhibit the thrombin-induced
transforming process from fibringen to fibrin, lower
endotoxin generation, treat and prevent endotoxemiainduced disseminated intravascular coagulation. In
addition, the initial metabolite of Baicalin in body is
baicalein that can more effectively inhibit pancreatin.
All these pharmacologic effects can antagonize many
processes during SAP onset. Its several effects are similar
to those of somatostatin and its analog such as octreotide,
but it has a broader application range. It is theoretically
feasible to use it for SAP treatment.
Presently, to the best of our knowledge, there has
not been any study report on Baicalin treatment of SAP
internationally. In this experiment, we have established the
SAP rat model, discussed the effects of Baicalin in treating
SAP rats, compared its effects with those of octreotide and
observed the therapeutic efficacy of Baicalin and explored
its therapeutic mechanisms in order to provide the reliable
basis for Baicalin treatment of SAP.

MATERIALS AND METHODS
Experimental animals and reagents
Clean grade healthy male Sprague-Dawley (SD) rats
weighing 250-300 g were purchased from the Experimental
Animal Center of Medical School, Zhejiang University,
China. Sodium taurocholate and sodium pentobarbital were
purchased from Sigma Company, USA. Octreotide was
purchased from Swiss Pharmaceutical Company Novartis,
and 5% Baicalin injection (China National Invention Patent
Number ZL200310122673.6) was prepared by the first
author with 305 mmol/L osmotic pressure. The TNF-α
ELISA kit was purchased from Jingmei Bioengineering
Corporation (China) and the calculation unit for content is
pg/mL (ng/L). The IL-6 ELISA kit was purchased from
Shanghai Shenxiong Biotech Company (China) and the
calculation unit for content is pg/mL (ng/L). The serum
malonaldehyde (MDA) kit was purchased from Nanjing
Jiancheng Bioengineering Research Institute, China. The
calculation units for content are respectively nmol/mL.
The serum secretory phospholipase A2 enzyme assay ELA
www.wjgnet.com
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kit (PLA2) was purchased from R&D System Ins, USA and
the calculation unit for content is U/mL.
Animal grouping
The improved Aho’s method[8] was adopted to prepare
SAP rat models via retrograde injection of 3.5% sodium
taurocholate to the pancreatic duct through epidural
catheter and duodenal papilla. The 135 SAP rat models
were randomly divided into model control group, Baicalin
treatment group and octreotide treatment group with 45
rats in each group; other 45 rats were selected as sham
operation group, which only received laparotomy. All
groups were then randomly subdivided into 3 h, 6 h and
12 h groups with 15 rats in each group.
Observation index
We examined the rat mortality at 3 h, 6 h and 12 h after
operation and calculated the survival, observed the gross
changes of pancreas and ascites volume. Ascites/body
weight ratio was measured as follows: Dry gauze was used
to wipe intra-abdominal hydrops; then, a scale was used to
weigh the weights of gauze before and after its soaking;
the difference between weights (g) was converted into
ascites volume (mL); and ascites/body weight ratio was
thus obtained. After mercy killing the rats anesthetized by
sodium pentobarbital in batches, the samples of pancreas
were collected, fixed according to the requirements, and
the pathological changes of pancreas after hematoxylineosin (HE) staining were observed. The contents of
plasma amylase and serum TNF-α, IL-6, MDA and PLA2
were determined via blood sampling from heart. The full
automatic biochemical analyzer was used to determine the
plasma amylase level and the calculation unit for content
is U/L. The serum TNF-α, IL-6 and PLA2 levels were
determined by ELISA method.
Pancreatic pathological score
A modified Schmidt’s pathological score system was
used (Table 1) and two pathologists in double-blind
control condition performed the evaluation of severity of
pancreatic tissue pathology. We modified the pathological
score of pancreas, because the Schmidt’s pathological
score[9] was too difficult and complex to be used in our
experiment.
Preparation methods of animal models
Fasting but water restraint was imposed on all rat groups
12 h prior to the operation. The rats were anesthetized
by intraperitoneal injection of 2% sodium pentobarbital
(0.25 mL/100 g), then laid and fixed, and the routine
shaving, disinfection and draping were performed. We
first established the right external jugular vein transfusion
passage to use the microinfusion pump for continuous
transfusion (1 mL/h per 100 g) and then used 3.5%
sodium taurocholate to prepare SAP model.
Model control group: After entering the abdomen
via median epigastric incision, we confirmed the bilepancreatic duct, hepatic hilus and common hepatic
duct, disclosed the pancreas, identified the duodenal
papilla inside the duodenum duct wall, and then used a
No. 5 needle to drill a hole in the mesenteric avascular
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Table 1 Improved Schmidt score of pathological changes of the pancreas
Edema
                                                                Acinar necrosis               Inflammation and perivascular infiltrate              Hemorrhage and fat
                                                                            (necrotic cells/HPF)
  (intralobular or perivascular leukocytes/HPF)             necross (focus)
Absent

0

0

0-1

0

Absent

Focal expansion of interlobular septae

1

Absent
1-4

1

2-10

1

1-2

Same as 1 + diffuse expansion of interlobar;
Septae/diffuse expansion of interlobar septae

2

5-10

2

11-20

2

3-4

Same as 2 + expansion of interacinar septae

3

11-16

3

21-30

3

5-6

Same as 3 + expansion of intercellular spaces

4

> 16

4

> 30/microabscesses

4

>7

area. After inserting a segmental eqidural catheter into
the duodenum cavity via the hole, we inserted the bilepancreatic duct toward the direction of the papilla in
a retrograde way, used the microvascular clamp to nip
the duct head temporarily and meanwhile used another
microvascular clamp to temporarily occlude the common
hepatic duct at the confluence of the hepatic duct. After
connecting the anesthetic tube end with the transfusion
converter, we transfused 3.5% sodium taurocholate (0.1
mL/100 g) by retrograde transfusion via the microinjection
pump (made by Zhejiang University) at a speed of 0.2 mL/
min, then stayed for 4-5 min after injection and removed
the microvascular clamp and eqidural catheter. After
checking for bile leakage, we sutured the hole in the lateral
duodenal wall, used the disinfected cotton ball to absorb
up the anesthetic in the abdominal cavity and closed the
abdomen. During the laparotomy in the sham operation
group, we performed pancreas and duodenum turning
over, observed pathological changes of multiple organs
and finally closed the abdomen.
Dosage and methods
In Baicalin treatment group, the animal experiments
of 5% Baicalin injection were completed including the
acute toxicity test and SAP rat treatment by small, middle
and large dose. The large dose could achieve the best
therapeutic effect (dose is 10 mg/h per 100 g) and the
dosage referred to the result of the previous preliminary
experiment. Ten minutes after successful modeling,
Baicalin treatment group was first injected 5% Baicalin
injection 10 mg/100 g via the external jugular vein passage,
followed by continuous intravenous administration (10
mg/h per 100 g) by microinfusion pump; octreotide
treatment group was first injected octreotide 0.2 µg/100 g
via the exter nal jugular vein passage, followed by
continuous intravenous transfusion (10 mg/h per 100 g)
by microinfusion pump at a transfusion speed of 0.2 µg/h
per 100 g. All above dosages have been proved as effective
dosages in the previous preliminary experiment. Both of
the sham operation group and model control group were
injected saline of equivalent volume at the corresponding
time points after operation.
Statistical analysis
The values were presented as mean ± SD for nomal
distribution variables or median and quartile range for
highly skewed variables. The significance of differences
among the four groups was tested using the Kruskal-

Table 2   Comparison of ascites/body weight ratio [M (QR)]
Groups

                         3 h                  6 h

         12 h

Sham operation

0.28 (0.23)

0.44 (0.15)

0.39 (0.22)

Model control

2.02 (0.89)

2.62 (0.97)

2.70 (0.80)

Baicalin treatment

1.00 (1.30)

1.16 (0.73)

2.29 (1.21)

Octreotide treatment

1.43 (0.62)

2.15 (0.88)

2.08 (2.21)

Wallis test for highly skewed data and analysis of
variance (ANOVA) for normal distribution data. Multiple
comparisons were subjected to Bonfferoni correction
test. The Chi-square test was used to evaluate equality of
frequencies for discrete variables. Correlations were tested
using the Spearman rank correlation coefficients. A P
value less than or equal to 0.05 was considered statistically
significant. All statistical analyses were conducted using
SPSS version 11.5 for windows.

RESULTS
Survival rate
The mortality rates of the model control group were 0%
(0/15), 13.33% (2/15) and 33.33% (5/15) at 3 h, 6 h and
12 h, respectively, while those of Baicalin treatment group
and octreotide treatment group were 0% at different
time points. The whole sham operation group survived
at different time points. The survival rate of the model
control group was 66.67% (10/15) at 12 h, while the
survival rate of each of Baicalin treatment group and
octreotide treatment group was 100% at 12 h, indicating a
marked difference (P < 0.05).
Comparison of ascites/body weight ratio among all groups
The ascites/body weight ratio of the model control group
and treatment group significantly exceeded the sham
operation group at different time points (P < 0.001), while
there was no significant difference between the octreotide
treatment group and model control group at different time
points. Ascites/body weight ratio of the Baicalin treatment
group was significantly less than the model control group
(P < 0.01) and octreotide treatment group at 3 h (P < 0.05).
Ascites/body weight ratio of the Baicalin treatment group
was significantly less than the model control group and
octreotide treatment group at 6 h (P < 0.001). However,
there was no significant difference among the Baicalin
treatment group, model control group and octreotide
treatment group at 12 h (Table 2).
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Table 3  Comparison of different indexes of blood  [M (QR)]
Indexes

                  Sham operation
                  Model control
                  Baicalin treatment                  Octreotide treatment
          3 h          6 h         12 h          3 h          6 h          12 h           3 h           6 h           12 h         3 h           6 h           12 h

Amylase
(U/L)

1582
(284)

1769
(362)

1618
(302)

5303
(1373)

6276
(1029)

7538
(2934)

4342
(1496)

5130
(1591)

5571
(2307)

5419
(1670)

5058
(1314)

6531
(2280)

TNF-a
(ng/L)

3.90
(3.20)

4.00
(1.70)

5.30
(3.00)

41.44
(37.72)

92.15
(23.12)

65.02
(26.81)

44.93
(45.84)

65.10
(27.51)

47.65
(25.52)

39.30
(30.60)

47.60
(16.50)

54.50
(41.40)

IL-6
(ng/L)

1.8460
(0.35)

1.74
(0.84)

2.04
(0.82)

5.44
(1.03)

6.82
(0.81)

5.36
(0.75)

3.03
(0.87)

2.88
(1.39)

2.83
(0.60)

2.65
(1.37)

3.08
(1.210)

2.46
(1.35)

MDA
(nmol/mL)

9.90
(9.90)

16.50
(13.20)

16.50
(13.20)

36.30
(13.40)

39.70
(9.90)

54.35
(19.00)

21.90
(13.45)

23.80
(14.60)

36.00
(11.60)

29.60
(18.60)

33.00
(9.90)

40.30
(16.80)

Table 4  Comparison of serum PLA2 content  (mean ± SD)
Groups

                        3 h                  6 h

         12 h

Sham operation

14.62 ± 3.02

17.49 ± 3.82

19.02 ± 5.07

Model control

76.10 ± 16.70

101.46 ± 14.67

105.33 ± 18.10

Baicalin treatment

56.25 ± 22.43

67.91 ± 20.61

66.86 ± 22.10

Octreotide treatment

74.37 ± 19.94

63.13 ± 26.31

53.63 ± 12.28

Comparison of plasma amylase content among all groups
The plasma amylase content in the model control group
and two treatment groups significantly exceeded that in the
sham operation group at different time points (P < 0.001).
However, there was no significant difference between the
Baicalin treatment group and octreotide treatment group
at different time points. Although the plasma amylase
content of the Baicalin treatment group was lower than
that of the model control group at different time points,
the difference did not reach statistical significance at 6 h
and 12 h, but reached statistical significance at 3 h (P <
0.05). Although plasma amylase content was significantly
less in the octreotide treatment group compared to the
model control group at 6 h (P < 0.05), no significant
difference was observed at 3 h and 12 h (Table 3).
Comparison of serum TNF-α content among all groups
Serum TNF-α content significantly exceeded in the model
control group and treatment groups compared to the sham
operation group at different time points (P < 0.001). There
was no significant difference in serum TNF-α content
among the model control group, Baicalin treatment group
and octreotide treatment group at 3 h and 12 h. However,
at 6 h, both Baicalin treatment group and octreotide
treatment group had significantly less serum TNF- α
content compared to the model control group (P < 0.001);
and the octreotide treatment group had significantly less
serum TNF-α content than the Baicalin treatment group (P
< 0.01) (Table 3).
Comparison of serum IL-6 content among all groups
The serum IL-6 content at 3 h and 6 h was significantly
higher in the model control group and treated groups
than in the sham operation group (P < 0.001). Baicalin
treatment group and octreotide treatment group had no
significant difference in serum IL-6 content at all time
points. The Baicalin treatment group and octreotide
www.wjgnet.com

treatment group had significantly lower serum IL-6 content
than the model control group at all time points (P < 0.001).
However, the model control group had significantly higher
serum IL-6 content than the sham operation group at 12 h
(P < 0.001), and so had the Baicalin treatment group (P <
0.01), but no significant difference was found between the
octreotide treatment group and the sham operation group
(Table 3).
Comparison of serum MDA content among all groups
Ser um MDA content significantly exceeded in the
model group, Baicalin treatment group and octreotide
treatment group compared to the sham operation group at
different time points (P < 0.05). Serum MDA content was
significantly less in the Baicalin treatment group than the
model group (P < 0.01). Similarly, serum MDA content
was significantly less in the octreotide treatment group
than the model group at 6 h and 12 h (P < 0.05). However,
serum MDA content was significantly less in the Baicalin
treatment group compared to the octreotide treatment
group at 12 h (P < 0.05) (Table 3).
Comparison of serum PLA2 content among all groups
Serum PLA2 content significantly exceeded in the model
group and treatment groups compared to the sham
operation group at different time points (P < 0.001). At 3
h, the Baicalin treatment group had significantly less serum
PLA 2 content than the model group (P < 0.01), while
there was no marked difference between the octreotide
treatment group and the model group, and the Baicalin
treatment group had significantly less serum PLA2 content
than the octreotide treatment group (P < 0.01). At 6 h
and 12 h, the Baicalin treatment group and octreotide
treatment group had significantly less serum PLA2 content
than the model group (P < 0.001). At 6 h, there was no
marked difference between the Baicalin treatment group
and the octreotide treatment group, whereas at 12 h, the
octreotide treatment group had significantly less serum
PLA2 content than the Baicalin treatment group (P < 0.001)
(Table 4).
Macroscopic and microscopic pathological changes of the
pancreas
Sham operation group: Macroscopically, there were only
some amber ascitic fluid within the abdominal cavity, and
no pathological changes visible to naked eyes in other

Zhang XP et al . Therapeutic efficacy of Baicalin in SAP rats

721

A

B

C

D

E

Figure 1 A: Sham operation group at 12 h (normal pancreas); B: Model control group at 12 h (Interacinar edema accompanied with piecemeal necrosis of acinus, a great
deal of neutrophil infilatration among acini); C: Model control group at 12 h (Massive acinus necrosis); D: Baicalin treatment group at 12 h (interlobular and interacinar
edema, focal necrosis of acinus, relatively much neutrophil infiltration among acini); E: Octreotide treatment group at 12 h (Interlobular edema accompanied with focal
necrosis of acinus).

organs. The overall structure of the pancreas remained intact. There were no hemorrhagic changes in the pancreas,
which was yellowish without volume reduction, and no
significant abnormality in the pancreas, peripancreatic and
epiploon at all time points. Microscopically, most remained
normal with intact gland structure, mild interstitial edema
occurred in very few cases, neutrophil infiltration was occasional, and no acinar cell and fat necrosis and hemorrhage were observed (Figure 1A).
Model control group: Macroscopically, pathological
changes of the pancreas tail were a little more obvious
than those of the pancreas head; 5 min after model induction, the pancreas manifested edema, hemorrhage and
necrosis. The overall severity of the pathological changes
at 3 h, 6 h and 12 h increased with time after modeling. In
the 3 h group, small amount of ascitic fluid mostly slightly
bloody visible to naked eyes, obvious hyperemia and
edema of the pancreas, partly jellly-like edema, hemor-

rhage and necrosis were observed. Most ascitic fluid after
6 h and 12 h was bloody with the larger average amount
than that at 3 h. The amount and characters of ascitic fluid
increased and deepened with time after modeling; the degree and range of the pancreas edema, hemorrhage and
necrosis became more obvious than those at 3 h; many
saponified spots on peripancreatic great epiploon and peritoneum, jelly-like change, contour vanishing, quite obvious
hemorrhage and necrosis changes of the pancreatic tissue were also observed. Microscopically, in the 3 h group,
obvious pancreas interstitial hyperemia and edema, small
amount of inflammatory cell infiltration, sporadic focal necrosis and interstitial hemorrhage occurred among which
some were hemorrhagic or lytic necrosis; in the 6 h group,
pancreas interstitial edema and hemorrhage, visible focal
or lamellar necrosis, comparatively large area of inflammatory cell infiltration around were observed; and in the
12 h group, obvious pancreas interstitial edema, interstitial
www.wjgnet.com
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Table 5 Comparison of pathological lesion score for pancreas
(M (QR))

Table 6   Comparison of therapeutic efficacy of octreotide and
Baicalin

Groups

Therapeutic efficacy                                   Curative
                                                   Baicalin            Octreotide

                         3 h                 6 h

      12 h

Sham operation

0.00 (1.00)

0.00 (1.00)

0.00 (1.00)

Model control

8.00 (2.00)

9.00 (3.00)

10.50 (1.50)

Improve survival rate

++

++

Baicalin treatment

7.00 (1.50)

7.00 (3.00)

9.00 (4.00)

Decrease ascites volume

++

+

Octreotide treatment

7.00 (2.00)

6.00 (2.00)

8.00 (2.00)

Decrease amylase

+

+

Decrease TNF-a

+

++

Decrease IL-6

++

+

Decrease MDA

+

++

Decrease PLA2

++

+

Protect pancreatic tissue

++

++

hemorrhage, large area of necrosis, lobule contour damage
with a large amount of inflammatory cell infiltration were
observed (Figures 1B and C).
Treatment group: Macroscopically, in the 3 h group, the
pancreatic tissue with hyperemia and edema changes, milder hemorrhage and necrosis than those of model control
group were observed; in the 6 h and 12 h groups, compared with the model control group, relatively limited pancreas hemorrhage and necrosis, lighter ascitic fluid color,
obviously less ascitic fluid, decreased distribution and area
of saponified spot, milder pancreas hemorrhage and necrosis, and relatively integrated overall pancreas structure
were observed. The pathological changes of pancreatic tissue of the octreotide treatment group resembled those of
the Baicalin treatment group. Microscopically, the pathological changes of most cases in the treatment group were
milder than those of the model control group at the corresponding time points, such as decreased degree of interstitial edema, reduced inflammatory cell infiltration, more
clear cell structure than that of the model control group,
reduced pancreas interstitial erythrocyte exudation, small
amount of focal hemorrhage and necrosis with little lamellar hemorrhage and necrosis, and reduced hemorrhage and
necrosis range. The pathological changes of pancreatic tissue of the octreotide treatment group resembled those of
the Baicalin treatment group (Figures 1D and E).
Comparison of pancreas pathological score among all
groups
Pancreas pathological scores of the model control group,
Baicalin treatment group and octreotide treatment group
significantly exceeded those of the sham operation group
at different time points (P < 0.001). Pancreas pathological
score of the Baicalin treatment group was significantly less
than that of the model control group at 12 h (P < 0.01).
Moreover, pancreas pathological score of the octreotide
treatment group was significantly less compared to the
model control group at 6 h and 12 h (P < 0.01). However,
there was no significant difference between the Baicalin
treatment group and the octreotide treatment group at
different time points (Table 5).

DISCUSSION
Severe acute pancreatitis (SAP) induces inflammatory reactions of pancreatic tissue itself or even systemic reactions,
which is by a large portion related to excessive generation
and cascade reactions of inflammatory mediators, mainly
including endotoxin, oxygen-free radical, PLA2, bradyki-
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++: Represents significant effect; +: Represents normal effect; -: No effect.

nin, complement, acute-phase protein, vasoactive amine,
arachidonic acid metabolite, cytokine (lymphokine) and
PAF[10-14]. This study mainly investigates the therapeutic effects of Baicalin and octreotide by observing plasma amylase content and serum TNF-α and IL-6 content.
TNF-α participates in onset and progression of earlyphase inflammations of acute pancreatitis (AP), and is also
related to AP severity[15,16]. Excessive generation of TNF-α,
or imbalance between it and other cytokines will stimulate
cascade reactions, induce generation of IL-1, IL-6, IL-8,
etc, later generate inflammatory mediators, and aggravate
cell damage. Current studies found serum TNF-α had two
aspects in regulating apoptosis, namely inducing apoptosis
and promoting inflammation healing when its concentration was low, while leading to necrosis of pancreatic acinar
cell when its concentration was high[17].
IL-6, mainly generated by monocyte after induction of
IL-1, TNF, etc, has intensive inflammation-causing activity[18-21]. IL-6 can both directly increase the permeability
of vascular endothelial cell, and has synergistic effect with
TNF-α, etc to constitute a network of inflammatory mediators[20]. IL-6 level in serum can reflect AP severity[18,23,24].
It is generally recognized that the PLA2 content or activity
rises when SAP occurs[25]. The abnormal release and activation of PLA2 can change lecithin into hemolytic lecithin,
cause lysis and breakdown of pancreatic cell membrane,
and lead to autodigestion of the pancreas[26-28]. The excessive free radicals generated in body during SAP may cause
the accumulation of MDA, a lipid oxidative product. MDA
content in serum can indicate the level of free radical overproduction[29,30].
In addition, a great quantity of endotoxin can induce
TNF-α, stimulate or promote cytokine release including
IL-1β[31], IL-6, TNF, and further mediate activation of
leucocyte and platelet in multiple organs, such as pancreas,
kidney and lung, and release lysosome, oxygen-free radical
and lipid inflammatory substance. The excessive cytokines
and inflammatory factors can cause waterfall-like cascade
reactions, induce iNOS expression all over the body, generate a great deal of NO, damage blood vessel endothelium,
and cause tissue necrosis[32-36].
Octreotide, a medicine currently adopted in the clinic
for SAP treatment, mainly achieves its therapeutic effects
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by inhibiting secretion of pancreatin and other digestive
enzymes, and loosening the oddi sphincter. The most important is that octreotide can block the excessive expression of inflammatory mediators and cytokines, reduce
iNOS mRNA expression and NO synthesis, and then
alleviate injury of multiple organs, such as pancreas and
lung[37,38]. This experiment found that compared with the
model control group, both the Baicalin and octreotide
treatment groups could effectively reduce the generation
of ascites, plasma amylase content, and serum TNF-α,
IL-6, MDA and PLA 2 content, alleviate pathological
changes of pancreatic tissue, and lower mortality of SAP
rats.
Compared with the octreotide group, Baicalin can more
significantly inhibit the generation of ascites and excessive
release of IL-6 and PLA2 (Table 6). In addition, Baicalin
also has features, such as a broad range of pharmacological actions, low side effect, and low price[37,39]. Therefore,
using Baicalin to treat SAP will be an effective and costeffective therapy for SAP.
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Abstract
AIM: To investigate the effect of chitooligosaccharides
on proliferation of pancreatic islet cells, release of
insulin and 2 h plasma glucose in streptozotocin-induced
diabetic rats.
METHODS: In vitro , the effect of chitooligosaccharides
on proliferation of pancreatic islet cells and release of
insulin was detected with optical microscopy, colorimetric
assay, and radioimmunoassay respectively. In vivo , the
general clinical symptoms, 2 h plasma glucose, urine
glucose, oral glucose tolerance were examined after
sixty days of feeding study to determine the effect of
chitooligosaccharides in streptozotocin-induced diabetic
rats.
RESULTS: Chitooligosaccharides could effectively
a c c e l e ra t e t h e p r o l i f e ra t i o n o f p a n c r e a t i c i s l e t
cells. Chitooligosaccharides (100 mg/L) had direct
and prominent effect on pancreastic β cells and
insulin release from islet cells. All concentrations of
chitooligosaccharides could improve the general clinical
symptoms of diabetic rats, decrease the 2 h plasma
glucose and urine glucose, and normalize the disorders
of glucose tolerance.
CONCLUSION: Chitooligosaccharides possess various
biological activities and can be used in the treatment of
diabetes mellitus.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Diabetes mellitus (DM) is a highly prevalent disease all
over the world. Its long-term tissue complications that
affect small and large blood vessels are directly connected
with the time of patients suffering from hyperglycemia.
Chitosan is a polycationic copolymer consisting of
β-1, 4-linked 2-acetamido- D-glucose and β-1, 4-linked
2-amino-D-glucose units. Crab and shrimp shell wastes
are currently utilized as the major industrial source of
biomass for large-scale production of chitosan. Chitosan
which is biodegradable, non-toxic and biocompatible
has been shown to be particularly useful in many fields[1],
including food, cosmetics, biomedicine, agriculture and
environmental protection. Furthermore, it can be used as
a bioactive material due to its biodegradable, non-toxic
and non-allergenic natures. However, chitosan shows its
biological activity only in acidic medium because of its
poor solubility at pH above 6.5 and low absorbability
of non-digestible and high molecular polysaccharides.
Therefore, recent studies on chitosan have attracted
interest in converting it to chitooligosaccharides(COS),
because COS not only are water-soluble but also possess
versatile functional properties such as antitumor enhancing
properties[2,3], immunostimulating effects[2,4], antimicrobial
activity[5], free radical scavenging activity[6-8], protective
effects against infections[9], arthritis controlling activity[10],
plant disease controlling activity [11,12] and angiotensin I
converting enzyme inhibitory activity[13]. However, little
attention has been paid to its activity in diabetes mellitus
and related mode of action.
In the present study, soluble chitooligosaccharides
with low molecular weight were prepared by enzymatic
hydrolysis of chitosan with chitosanase as previously
described[14]. The purpose of this study was to examine
the effect of chitooligosaccharides on proliferation of
pancreatic islet cells and release of insulin in vitro.

MATERIALS AND METHODS
Materials
Chitosan (minimum 90% deacetylated, Mr: 500 000) was
purchased from Jinan Haidebei Marine Bioengineering
www.wjgnet.com
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Co., Ltd (Shangdong, China). Chitooligosaccharides
were prepared by enzymatic hydrolysis of chitosan
with chitosanase. NIT-1 cell line was from Institute of
Medicine, Ocean University of China. Male Wistar rats (200
± 20 g) were from Laboratory Animal Centre, Institute
of Medicine, Ocean University of China. Streptozotocin
(STZ) was from Sigma Chemical Co. Tissue-culture
medium and reagents were from Gibco. All chemicals were
purchased from Sigma Chemical unless otherwise stated.
Cell culture
Rat islets were isolated from the pancreas of male Wistar
rats by collagenase digestion as previously described[15,16]
and dispersed into single cells by shaking in a low calcium
medium[17]. The viability of cells after isolation, determined
using the fluorochrome-media-ted viability test (see below)
was ≥ 98%. The islets were placed on glass coverslips in
35-mm petri plates and cultured in RPMI-1640 medium
containing 20% fetal bovine serum (FBS), L-glutamine,
and penicillin/streptomycin. NIT-1 cell line, a widely used
β cell line for insulin secretion studies, was established
from non-obese diabetic (NOD) mice transgenic for the
SV40 T antigen under control of the insulin promoter,
and cultured in DMEM containing 10% FBS and
antibiotics (100 ΙU/mL of penicillin and 100 µg/mL of
streptomycin). All cultures were kept at 37℃ in 950 mL/L
O2 and 50 mL/L CO2. The medium was changed every
two days. The islet cells cultured under these conditions
spread out as a monolayer within 14 d and exhibited
normal responses of insulin release to glucose stimulation,
as described in previous studies[18,19].
Effects of COS on proliferation of pancreastic islet cells
and insulin release
COS were dissolved in Dulbecco’s modified Eagle’s medium
(DMEM) without FBS and then diluted with medium to
form the five degrades (10, 100, 500, 1000, and 2000 mg/L).
The structure and function of cultured islet cells were
observed under inverted phase contrast microscope. MTT
assay was used to estimate the cell viability. Pancreastic
islet cells were digested by 0.25% trypsin until appearance
of unicellular suspension. Then 100 µL suspension with
the concentration of 5.0 × 104 cells/mL was transplanted
into 96-well plates. Each well had three parallels. After
incubated for 24 h, the medium was changed with COS
at different concentrations. Cells were incubated with 0.5
mg/mL of MTT in the last 4 h of the culture period (48
h). The medium was then decanted, 200 µl DMSO was
added to the wells, and the absorbance was determined at
492 nm using an ELISA reader. The proliferation rate was
calculated (PR = A/A0 × 100%). Furthermore, the effect
of COS on the viability of pancreastic islet cells was also
examined at 12, 24, 36, 48, 60, 72, 96, 120, 144, 168, 192
and 216 h to study the effect of COS on the growth phase
of pancreastic islet cells in 9 d. At the same time, freshly
dispersed islet cells were transplanted into 24-well plates
at the concentration of 5.0 × 104 cells/mL, then divided
into groups and stimulated with 100 mg/L COS for 14 d.
The incubation medium was collected every 2 d and then
stored at -20℃ until assay. Control group was maintained
in basal RPMI 1640. Each well had five parallels. At the
end of the stimulation period, insulin was measured using
www.wjgnet.com
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Figure 1 Chromatogram of chitooligosaccharids on Sephadex G-25 colum.

a radio-immunoassay kit for human insulin from Linco.
The experiments were performed in triplicate.
Effect of COS on streptozotocin-induced diabetic rats
Male Wistar rats were rendered diabetic by intraperitoneal
injection of STZ at 65 mg/kg. The rats whose fasting
blood glucose level was above 11.11 mmol/L were used
for experiments after seven days. Then the rats were
randomly divided into metfor min treatment group,
positive control group (DM) and COS treatment groups.
Test samples were given intragastrically by gavage needle
for 60 successive days. COS treatment groups were
given chitooligosaccharides at the concentration of 250,
500, 1500 mg/kg daily. Normal control group and DM
group received an equal volume of distilled water about
10 mL/kg. Metfor min treatment g roup was given
metfor min at a concentration of 200 mg/kg daily.
Two-hour plasma glucose (2hPG) and urine glucose
were measured every 10 d. Oral glucose tolerance was
examined after 60 d of feeding study. Plasma glucose
was immediately measured in duplicate using a Beckman
glucose analyzer Ⅱ (Beckman, Palo Alto, CA).
Statistical analysis
ANOVA was performed with Duncan’s multiple range
tests. SAS was used to compare the means (SAS Institute,
Inc., Cary, NC, USA). P < 0.05 was considered statistically
significant, P < 0.01 was considered very statistically
significant.

RESULTS
Physicochemical properties and HPLC analysis of
chitooligosaccharides
Chitooligosaccharides were prepared by enzymatic
hydrolysis of chitosan. Components of the hydrolysis
product were separated by Sephadex G-25 (Figure 1), and
component 1 analyzed by TSK-GEL G3000PWXL had
an average molecular weight of 1200 u, and a degree of
deacetylation of 90% by the first derivative method of UV
spectrometry.
Effects of COS on proliferation of pancreastic islet cells
and insulin release
The influence of COS on pancreastic islet cell viability
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Figure 2 Effect of COS on proliferation of primary culture islet cells and βcell
lines.

was assessed by MTT assay (Figure 2). Cell viability in
the presence of different concentrations of COS was
significantly higher than that in the absence of different
concentrations of COS. The maximum stimulatory effect
on cell viability was achieved at 100 mg/ L concentration
among the five samples (Figures 3A and B), the
proliferation rate was 148.43% and 143.71% respectively,
and had a significant difference compared with the nomal
control group (Figures 3C and D, P < 0.01), suggesting
that COS could accelerate the proliferation of pancreastic
islet cells in 9 d, and exert direct effects on pancreastic
β cells, promote the growth of pancreastic islet cells to
maximal density in 72 h, decease the time of latent phase
and logarithm growth phase of pancreatic β cells (Figure
4A). The maximum stimulatory effect on cell growth phase
was also achieved at 100 mg/L concentration among the
five samples (P < 0.01)
As can be seen in Figure 4B, the results showed that
exposure of primary cultured pancreatic cells to COS (100
mg/L) could continuously increase the secretion of insulin
from the 6th to the 14th day, and had a significant difference
compared with the normal control group (P < 0.05).
Effect of COS in streptozotocin-induced diabetic rats
All concentrations of chitooligosaccharides could decrease
the 2hPG in 60 d (Figure 4C), the best effect was observed
in the 500 mg/kg treatment g roup, with the 2hPG
decreased to 16.14 mmol/L. The decrease rate was 47.48%
compared with 2hPG before treatment.
The test of glucose tolerance was used to further
evaluate the effects of different concentrations of
chitooligosaccharides on improving the sensitivity of
insulin. AS shown in Figure 4D, if the area under the DM
group curve was regard as 100%, then AUC of the normal
control group accounted for only 17.69% AUC of the DM
group, while all concentrations of chitooligosaccharides
could decrease AUC (Table 1). The best effect was
observed in the medium dosage (500 mg/kg) treatment
group, accounting for 68.69% of the area under the DM
group curve (P < 0.01).

DISCUSSION
COS possess various biological activities and can be
used in a number of industries. Unlike high molecular

B

C

D

Figure 3 Photomicrograph of COS on the 48h proliferation of pancreatic islet cells
and β cells (× 100) in control group (A) and 100 mg/L COS treatment group (B) of
pancreatic islet cells, control group (C) and 100 mg/L COS treatment group (D) of
β cell lines.

weight chitosan, COS which are readily soluble in water
due to their shorter chain and free amino groups in
D-glucosamine units and easily absorbed through the
intestine, can quickly get into the blood flow and have
systemic biological effects in the organism. In food
industry, COS attract a greater interest as antimicrobial
agents, antioxidants and enhancers of nutritional quality
www.wjgnet.com
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Table 1 Effect of COS on changes of plasma glucose in glucose tolerance test and AUC after 60 d (n = 9, mean ± SD)
Group

Concentration
mg/kg

Plasma glucose tolerance/mmol/l
0h

0.5 h

1h

5.34 ± 1.06b

21.66 ± 6.18b

AUC
%

-

2.75 ± 1.14b

Met

200

4.42 ± 1.72

28.01 ± 4.71

32.98 ± 2.98

25.64 ± 4.26

105.33 ± 3.74

DM

-

4.08 ± 1.40

30.20 ± 5.14

38.41 ± 3.41

32.54 ± 4.41

122.40 ± 12.05

1500

7.01 ± 1.99

23.88 ± 5.86

27.04 ± 6.81b

17.88 ± 7.41b

85.79 ± 23.90b

70.09

b

b

a

5.78 ± 1.99b

mmol/L

Control

COS-H

6.27 ± 1.99b

AUC
2h

17.69
86.05
100

COS-M

500

5.54 ± 1.77

22.05 ± 0.79

28.17 ± 2.19

17.01 ± 3.00

84.08 ± 5.93b

68.69

COS-L

250

5.03 ± 0.51

25.62 ± 3.28

27.18 ± 2.72b

17.17 ± 4.42b

86.07 ± 8.06b

70.32

a

P < 0.05, bP < 0.01 vs DM group.

of food[20,21], and also have various potential applications
in agricultural industr y [5] . Chemical and enzymatic
methods are widely used to produce COS and chemical
hydrolysis is more commonly used. However, chemical
hydrolysis has some drawbacks to be commercialized,
due to the production of some toxic compounds, higher
risk associated with environmental pollution, and lower
production yields. COS prepared by acid hydrolytic
methods cannot serve as bioactive materials in general
due to the possible contamination of toxic chemical
www.wjgnet.com

compounds. Therefore, lack of proper technology for
large-scale manufacture of COS with desired molecular
weights has made its use difficult in human beings in the
past years. Enzymatic processes which are generally carried
out in batch reactors are preferred to chemical methods.
This is due to minimized adverse chemical modifications
of products during enzymatic hydrolysis and promotion
of their biological activities. The properties of COS, such
as DP, DA, charge distribution and nature of chemical
modification in the molecules strongly influence its
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observed biological activities. Therefore, molecular weight
is considered a principal characteristic of COS that highly
correlates to their biological activities. We have successfully
obtained highly deacetylated (90%) chitooligosaccharides
with a molecular weight of 1200 u by enzymatic hydrolysis
and investigated its effect on the proliferation of
pancreatic islet cells and release of insulin, lowering 2h
plasma glucose and normalizing oral glucose tolerance in
vivo and in vitro.
Type 2 diabetes characterized by peripheral insulin
resistance followed by failure of compensation for
pancreatic β cells and ultimately frank hyperglycemia[22], is
traditionally considered discrete pathophysiological lesions.
Proliferation of pancreatic β cells is slow and has a limited
potential for regeneration (< 1% of the cells enter mitosis
over 24 h in the adult state). Pancreatic β cells maintain
the blood glucose concentration within a narrow range
by modulating insulin secreting rate in response to the
glucose levels in blood. Proper insulin secretion requires
the coordinated functioning of numerous β cells that form
pancreatic islets. This coordination depends on a network
of communication mechanisms whereby β cells interact
with extracellular signals and adjacent cells via connexin
channels. The structure and function of primary culture
islet cells and β cell lines were observed under inverted
phase contrast microscope, and the viability of pancreatic
islet cells and β cell lines was deter mined by MTT
colorimetric assay indirectly in our study. In order to ensure
adequate access of COS to pancreatic islet cell surfaces,
we performed COS-stimulated insulin release experiments
using monolayer cultures of rat islets. The results
indicated that all concentrations of COS could markedly
increase the viability of pancreatic islet cells. COS at the
concentration of 100 mg/L effectively accelerated the
proliferation of pancreatic islet cells and had direct effects
on pancreastic β cells and release of insulin. Exposure of
primary culture pancreatic cells to COS (100 mg/L) could
continuously increase the secretion of insulin from 6 to14 d,
as compared to the normal control group.
To study the specific role of COS in endocrine
pancreatic function, we performed in vivo experiments of
islet function in STZ-DM mice and measured the 2hPG
and OGTT. Fasting plasma glucose and random plasma
glucose used to be measured as the standard about the
effect of lowering the plasma glucose. However neither
fasting plasma glucose nor random plasma glucose
can represent the actual glucose tolerance and insulin
action[23-25]. The gold standards for assessment of insulin
action and glucose homeostasis are the euglycemic,
hyperinsulinemic and hyperglycemic clamp studies[26-28].
Clinically, single-value glucose determinations are probably
the most commonly used marker of glucose homeostasis.
Assessment of glucose tolerance in a clinical setting has
traditionally been conducted using the glucose tolerance
test[29,30]. Since 2 h plasma glucose is far more sensitive than
fasting plasma glucose, we chose 2 h plasma glucose and
oral glucose tolerance test as the standard to evaluate the
effect of chitooligosaccharides in STZ -induced diabetic
rats.
Our findings sug gest that all concentrations of
chitooligosaccharides can decrease 2hPG in 60 d. The best
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effect was observed in the medium dosage (500 mg/kg)
treatment group, with the plasma glucose level decreased
to 16.14 mmol/L compared to the DM group (P < 0.01).
The medium dosage of chitooligosaccharides also had the
best effect on glucose tolerance, accounting for 68.69% of
the area under the DM group curve. The mechanism of
chitooligosaccharides in decreasing the plasma glucose is
perhaps due to the following reasons. Chitooligosaccharide
is an alkaline, which can increase the pH values in the body
fluid and the sensitivity of insulin. Chitooligosaccharides
can regulate the function of the endocrine system,
and reduce the secretion of insulin to nor mal, thus
maintaining the normal metabolism of plasma glucose.
Chitooligosaccharides can promote the proliferation of β
cells and recovery of the function of damaged β cells.
Insulin is the primar y hor mone that regulates
glucose uptake in mammals. In addition, a recent study
demonstrated that insulin resistance itself itself at the
level of β cells may contribute to the failure of pancreatic
compensation, suggesting a theory for the pathogenesis
of type 2 diabetes[31]. Indeed, mice with STZ -induced
damage in β cells lose their ability to respond adequately
to glucose stimulation and have progressive glucose
intolerance. In the present study, we demonstrated that
patients treated with COS had a normal β cell hyperplastic
response to insulin resistance, with their 2hPG and urine
glucose decreased, and the disorders of glucose tolerance
normalized, indicating that COS play an important role in
maintenance of glucose homeostasis in vivo.
In conclusion, COS possess various biological activities
and can be used in the treatment of diabetes mellitus.
COS can increase insulin secretion of pancreatic cells and
improve the overgrowth of β cells and isolated pancreatic
islet cells, decrease the 2hPG, and normalize the disorders
of glucose tolerance in STZ-induced diabetic rats in vivo.
Further study should be directed towards understanding
their molecular mechanisms.
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comments
Background

Chitin and chitosan can be isolated from different sources, crab and shrimp shell
wastes are currently utilized as the major industrial source of biomass for the
large-scale production of chitooligosaccharide (COS). Several methods have been
recently used to prepare COS, and enzymatic preparation methods capture a great
interest due to their safety and non-toxicity. COS possesses various biological
activities and has been shown to be particularly useful in many fields. However,
little attention has been paid to its activity in diabetes mellitus and related mode of
action.

Research frontiers

Type 2 diabetes is characterized by peripheral insulin resistance followed by
failure of compensation for pancreatic β cells and ultimately hyperglycemia. Type
2 diabetes is traditionally consodered discrete pathophysiological lesions. The
proliferation of pancreatic β cells is slow with a limited potential for regeneration
(< 1% of the cells enter mitosis over 24 h in the adult state). Pancreatic β cells
maintain the blood glucose concentration within a narrow range by modulating
insulin secreting rate in response to the glucose levels in blood. Proper insulin
www.wjgnet.com
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secretion requires the coordinated functioning of numerous β cells that form
pancreatic islets. This coordination depends on a network of communication
mechanisms whereby β cells interact with extracellular signals and adjacent
cells via connexin channels. Our study indicated that COS could increase insulin
secretion of pancreatic cells and improve the overgrowth of β cells and isolated
pancreatic islet cells, and decrease 2hPG, normalize the disorders of glucose
tolerance of STZ-induced diabetic rats in vivo.

Innovations and breakthroughs

Soluble chitooligosaccharides with lower molecular weight were prepared by
enzymatic hydrolysis of chitosan with t chitosanase. Enzymatic processes are
generally carried out in batch reactors and are preferred to chemical methods. Our
study indicated that COS could increase insulin secretion of pancreatic cells and
improve the overgrowth of β cells and isolated pancreatic islet cells, decrease the
2hPG, and normalize the disorders of glucose tolerance of STZ-induced diabetic
rats in vivo.

Applications

COS possesses various biological activities and can be utilized in a number of
industries. Unlike high molecular weight chitosan, COS which is readily soluble in
water due to its shorter chain and free amino groups in D-glucosamine units and
easily absorbed through the intestine, can quickly get into the blood flow and has
systemic biological effects in the organism. However, lack of proper technology
for large-scale manufacture of COS with desired molecular weights has made its
use difficult in human beings in the past years. Enzymatic processes which are
generally carried out in batch reactors are preferred to chemical methods. This is
due to minimized adverse chemical modifications of products during enzymatic
hydrolysis and its biological activities. We have successfully obtained highly
deacetylated (90%) chitooligosa-ccharide with a molecular weight of 1200 u by
enzymatic hydrolysis and investigated its effect on the proliferation of pancreatic
islet cells and release of insulin, lowering the 2 h plasma glucose and normalizing
the oral glucose tolerance in vivo and in vitro. Our study indicate that COS could
increase insulin secretion of pancreatic cells and improve the overgrowth of β
cells and isolated pancreatic islet cells, and decrease the 2hPG, normalize the
disorders of glucose tolerance in STZ-induced diabetic rats in vivo.
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Terminology

Chitin, chitosan and chitooligosaccharides: Chitin is a natural polymer, the second
most abundant organic resource on the earth next to cellulose. Chitosan is a
polycationic copolymer consisting of β-1, 4-linked 2-acetamido-D-glucose and
β-1, 4-linked 2-amino-D-glucose units. Both chitin and chitosan are copolymers
of β (1-4) linked Nacetyl-β-glucosamine and glucosamine units. The proportion
of N-acetyl-glucosamine units in total number of units determines the degree of
deacetylation. The degree of deacetylation has an inverse relationship with the
number of N-acetyl-glucosamine units, thus deacetylation of chitosan is achieved
by removing Nacetyl group. In chitosan, the degree of deacetylation is higher than
50%. Chitooligosaccharide obtained by hydrolysis or degradation of chitosan, is
not only water-soluble but also more effective than chitosan. NIT-1 cell line: NIT-1
cell line, a widely used β cell line in insulin secretion studies, is established from
non-obese diabetic (NOD) mice transgenic for the SV40 T antigen under control
of the insulin promoter; Streptozotocin (STZ): 2-deoxy-2-(3-methyl-3-nitrosourea)1-D-glucopyranose is actively transported into pancreatic β cells via the Glut-2
glucose transporter. It reacts at many sites in DNA but in particular at the ring
nitrogen and exocyclic oxygen atoms of the DNA bases, predominantly producing
7-methylguanine, 3-methyladenine (3-meA), and O6-methylguanine adducts.

Peer review

This is a good descriptive study in which authors analyzed the antidiabetic
effects of chitooligosaccharide (COS) on proliferation of pancreatic islet cells in
streptozotocin-induced diabetic rats. The results are interesting and suggest that
COS is a potential therapeutic substance that could be used in the treatment of
diabetes mellitus. The authors also studies the interesting questions about the
molecular mechanism involved in COS biological activity.
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a mean increase ≥ 1 CSBM/wk over wk 1-4 (47.7%

vs 35.0%, tegaserod vs placebo, respectively, P =
0.0018) and for the absolute number of ≥ 3 CSBMs/wk
over wk 1-4 (25.0% vs 14.5%, tegaserod vs placebo,
respectively, P = 0.0021). Improvements in other
symptoms of CC were also seen in the tegaserod group,
including improved stool form and reduced straining. In
addition, more patients in the tegaserod group reported
satisfactory relief from their constipation symptoms. The
frequency and severity of AEs was comparable between
tegaserod and placebo groups, with the exception of
a greater incidence of diarrhea in patients receiving
tegaserod (3.6%) compared with placebo (1.7%).

CONCLUSION: Tegaserod treatment improved multiple
symptoms of CC and was associated with a favorable
safety profile.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To evaluate the efficacy and safety of tegaserod,
6 mg twice daily (b.i.d.), in men and women with chronic
constipation (CC) from China.
METHODS: This was a multicenter, double-blind,
placebo-controlled study. Following a 2-wk treatmentfree baseline period, patients were randomized to receive
either tegaserod (6 mg b.i.d.) or placebo (b.i.d.) for 4
wk. An analysis of covariance with repeated measures
was used to determine the overall effect of treatment
for the primary efficacy variable; the change from
baseline in the number of complete spontaneous bowel
movements (CSBMs) during the 4-wk treatment period.
Secondary efficacy endpoints included other measures
of response in terms of CSBMs, and patients’ daily and
weekly assessment of bowel habits. Safety was also
assessed, based on the incidence and severity of adverse
events (AEs).
RESULTS: A total of 607 patients were randomized to
receive either tegaserod (n = 304) or placebo (n = 303).
Tegaserod treatment resulted in a rapid and significant
increase from baseline in the adjusted mean number of
CSBMs per week over wk 1-4 compared with placebo
(1.39 vs 0.91, P = 0.0002). A statistically significant
difference in favor of tegaserod was also observed for
www.wjgnet.com
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INTRODUCTION
Chronic constipation/chronic idiopathic constipation (CC)
is a gastrointestinal (GI) motility and sensory disorder
that is commonly reported in many regions of the world,
including Asia [1], North America [2], and Europe [3]. An
epidemiological study conducted in Beijing concluded
that 6.1% of the adult population were suffering from the
symptoms of CC[4]. This compares with a survey of 3282
people in Hong Kong, of whom 14% were deemed to be
suffering from CC[1]. The disorder is more common in
women and elderly people[5]. The symptoms of CC impact
on patients’ quality of life (QoL) and result in frequent
visits to physicians, particularly by older patients[1,6]. In
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Hong Kong, approximately 25% (n = 820) of those
surveyed were reported to visit a physician as a result of
their symptoms[1].
The diagnosis of CC has primarily centered on the
infrequency of the patients’ bowel movements (BMs).
However, CC is also associated with other symptoms
that include straining, hard stools, feelings of incomplete
e va c u a t i o n , a b d o m i n a l b l o a t i n g , a n d a b d o m i n a l
discomfort/pain. While the pathophysiology of CC is still
unclear, a proportion of patients with CC are assumed to
have impaired GI motility[7]. This prolongs the length of
time that stools remain in the bowel, allowing increased
absorption of water from the stools which become
hard and difficult to pass. Rome Ⅱ criteria refined the
diagnosis of CC by providing a consensus definition
that is frequently used in clinical research, and can serve
as a useful guide for physicians[8]. The Rome Ⅱ criteria
combine symptoms of straining, stool form and feelings
of incomplete evacuation with measures of bowel
frequency (less than three BMs per week).
A systematic review concluded that there were too
few well-designed, randomized, placebo-controlled
trials to support the efficacy of many of the available
treatments for CC such as bulking laxatives (e.g., psyllium),
osmotic laxatives [lactulose or polyethylene glycol
(PEG)], and stimulant laxatives (senna or bisacodyl) [2].
Furthermore, other symptoms can be aggravated by
laxative treatment (e.g., bloating)[9]. A further review found
good evidence for the efficacy of PEG and tegaserod
(Grade A recommendation) and moderate evidence to
support the efficacy of lactulose and psyllium (Grade B
recommendation) [10]. Other treatments for CC include
the modification of patients’ eating habits (increasing
the consumption of dietar y fiber/bulking agents),
biofeedback training (where patients are taught relaxation
and defecation techniques), and in severe cases, surgery.
Evidence for the efficacy of these agents, however, is
limited[7,11].
Targeting the pathophysiological basis of CC by
stimulating intestinal motility and secretion may be a more
appropriate approach for the treatment of the disorder,
rather than using conventional treatments. Tegaserod is a
selective agonist at the serotonin receptor, 5-HT4, and has
been shown to augment the release of neurotransmitters
from the enteric nerves, hence stimulating intestinal
peristalsis and secretion[12,13]. Two pivotal, randomized,
placebo-controlled trials have demonstrated that tegaserod
[2 mg or 6 mg twice daily (b.i.d.)] effectively treats the
multiple symptoms of CC[14,15]. Tegaserod also effectively
relieves the multiple symptoms of patients with irritable
bowel syndrome (IBS) who suffer from constipation[16-18].
The majority of patients in the pivotal CC studies were
Caucasian. Given that CC is a common disorder in China,
the aim of the current study was to evaluate the efficacy
and safety of tegaserod in men and women with CC from
China.

MATERIALS AND METHODS
Study design
This was a randomized, multicenter, placebo-controlled,
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double-blind, parallel-group study, designed to evaluate the
efficacy and safety of tegaserod in men and women with
CC in China.
After completing an initial screening phase of up to
28 d, patients entered a 2-wk baseline period without study
medication. At the end of the baseline period, eligible
patients were randomized to receive either tegaserod
6 mg b.i.d. or placebo for 4 wk using a randomization list
generated by Novartis Drug Supply Management, using
Almedica Drug Label System, version 5.3 a, Almedica
Technology Group Inc. All Novartis staff, other than the
Drug Supply Management and the Biostatistics Quality
Assurance Group, remained blind to the allocation
of treatment until database lock. Randomization was
performed in blocks using a 1:1 ratio. The randomization
list was reviewed and locked by the Biostatistics Quality
Assurance group. The identity of the treatments was
concealed by using study tablets that were identical in
appearance. The study was conducted in accordance with
the Declaration of Helsinki and was reviewed by the
Independent Ethics Committee or Institutional Review
Board for each center.
Patient selection
Men and women 18 years of age or older with at least
a 6-mo history of CC were eligible to participate in the
study. CC was defined, according to a modification of
Rome Ⅱ criteria, as less than three complete spontaneous
bowel movements (CSBMs) per week accompanied by one
or more of the following symptoms on more than 25% of
occasions: very hard and/or hard stools (type 1 and/or 2 on
the Bristol Stool Form Scale[19]), sensation of incomplete
evacuation following at least 25% of BMs, and straining
on at least 25% of days. All CC-related symptoms were
confir med by patient electronic diary (eDiary) data
recorded during the baseline period.
Patients were excluded from entering the study if they
had inflammatory bowel disease or other structural bowel
disease, CC resulting from bowel surgery (with mechanical
outlet obstruction, congenital anorectal malformation or
clinically significant rectocele), abdominal pain/discomfort
as the most bothersome symptom in the past 6 mo, past or
current history or diagnosis of IBS, significant disorders or
diseases that may interfere with completion of the study,
or if they failed to complete the daily or weekly eDiary
assessments during baseline. Patients who planned to use
concomitant medications affecting bowel habits (including
natural/homeopathic products) 1 wk prior to entry into
baseline and during the study were also excluded, as were
patients who used laxatives on more than two separate
occasions during baseline. However, laxative use (bisacodyl,
15 mg/d) as a rescue medication was allowed for patients
who did not experience a BM for at least 72 h.
Patients were excluded from the treatment phase if CC
was not confirmed by the baseline eDiary data, if loose or
watery stools were reported for 3 or more days during the
baseline period, or for lack of compliance with the study
protocol.
Assessments
The primary efficacy variable was the change from
www.wjgnet.com
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baseline in the number of CSBMs per week during the
4-wk treatment period. Secondary efficacy variables
included two response rates in terms of CSBMs: patients
with a mean increase of one or more CSBM relative to
baseline, and patients with an absolute number of three
or more CSBMs per week during the 4-wk treatment
period. Additional secondary efficacy variables included
assessment of patients’ bowel habits [i.e., stool form,
frequency, and straining (which was recorded daily
regardless of BM)], and patients’ satisfaction with bowel
habits, bothersomeness of constipation, distension/
bloating, and abdominal discomfort/pain. Following
each BM, patients were asked to record the time of the
BM, whether the BM was accompanied by a feeling of
complete evacuation (yes/no), and stool form (using
the Bristol Stool Form Scale[19]). Patients evaluated their
satisfaction with bowel habit on a 5-point scale ranging
from ‘not at all satisfied’ to ‘a very great deal satisfied’, and
bothersomeness of constipation, abdominal distension/
bloating and abdominal discomfort/pain on a 5-point
scale, which ranged from ‘not at all bothersome’ to ‘a very
great deal bothersome’. During the treatment phase of
the study, patients also recorded whether they experienced
satisfactory relief of constipation symptoms (yes/no) on a
weekly basis.
The safety of tegaserod 6 mg b.i.d. vs placebo was
evaluated by recording the frequency and severity of all
adverse events (AEs) and serious adverse events (SAEs),
by monitoring hematology, blood chemistry, urine and
vital signs, and by performing electrocardiogram (ECG)
evaluations. Other outcomes assessed but not presented in
this paper included: patients’ assessment of constipation
on quality of life (PAC-QoL questionnaire) and patients’
perception of study medication (PPSM questionnaire).
Statistical analysis
Planned enrollment was for 600 (n = 300 per ar m)
randomized patients with CC recruited from 15 centers
across China. An assumption was made that the population
distribution would be similar to that observed in the two
pivotal CC trials[14,15]. Based on this assumption, the study
was powered to detect a difference (tegaserod-placebo)
in a change from baseline of 0.6 CSBMs/wk at a twosided significance level of 5%. All statistical analyses were
carried out with SAS® software (version 8.2).
As stated earlier, the primary efficacy variable was the
change from baseline in the number of CSBMs per week
during the 4-wk treatment period. Secondary efficacy
variables included two response rates in terms of CSBMs:
patients with a mean increase of one or more CSBMs
relative to baseline, and patients with an absolute number
of three or more CSBMs per week during the 4-wk
treatment period. Additional secondary efficacy variables
included assessment of patients’ bowel habits [i.e., stool
form, frequency, and straining (which was recorded daily
regardless of BM)], and patients’ satisfaction with bowel
habits, bothersomeness of constipation, distension/
bloating, abdominal discomfort/pain, and satisfaction with
symptom relief (recorded weekly).
All efficacy analyses were performed on the intent-totreat (ITT) population. Safety analyses included all patients
www.wjgnet.com
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747 patients were screened
140 patients were excluded at screening phase
607 patients were randomized
(ITT population)

Discontinued after
randomization:
Adverse event 2
Unsatisfactory
efficacy 1
No longer required
study drug 1
Withdrew consent 1
Lost to follow-up 2

Tegaserod
6 mg b.i.d.
304 patients

297 (97.7%) patients
completed the study

Placebo
303 patients

Discontinued after
randomization:
Adverse event 2
Unsatisfactory
efficacy 1
No longer required
study drug 0
Withdrew consent 2
Lost to follow-up 1

297 (98.0%) patients
completed the study

Figure 1 Participant flow.

who received at least one dose of study medication.
An analysis of covariance (ANCOVA) model with
repeated measures was used to analyze the overall effect
of treatment for the primary efficacy variable (change
from baseline in number of CSBM per week). The
model included terms for treatment, week, study center,
and baseline data as well as baseline data by week, and
treatment by week interactions. To be defined as ‘complete’,
BMs had to be associated with a sensation of complete
evacuation. The BM was defined as spontaneous if no
laxatives were taken during the 24 h prior to the BM.
Statistical analyses of the secondary efficacy variables
[response rate relative to baseline (one or more CSBM per
week) and response rate in terms of the absolute number
of CSBMs (three or more CSBMs per week)] were carried
out using a logistic regression model, with treatment and
study center as factors, and the number of CSBMs per
week at baseline as covariate.
Based on the daily eDiary assessments, the change
from baseline was determined for the following variables:
1) the number of SBMs per week, 2) the number of days
per week with no stools, hard or very hard stools, 3) the
weekly mean straining score, and 4) the number of days
with (too much) straining. The same ANCOVA model
that was used for the primary endpoint was repeated for
these variables. The number of patients with or without
satisfactory relief [determined using a weekly eDiary
assessment (patients were asked to consider whether they
had satisfactory relief from their symptoms of CC in the
past week)] were analyzed using Cochran Mantel Haenszel
(CMH) tests, with center as a stratification factor.

RESULTS
Baseline
A total of 747 patients were screened for participation in
this study, and 607 patients (81.3%) were randomized from
a total of 15 centers to receive treatment with tegaserod
6 mg b.i.d. (n = 304) or placebo (n = 303) (Figure 1). The
main reasons for screening failure were unacceptable
laboratory values (5.0%), withdrawal of consent (4.3%)
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Demographic variable
Age (yr)
Median
Range
Age group, years (n, %)
< 35
35-64
≥ 65
Sex (n, %)
Male
Female
Race (n, %)
Oriental
Other
Mean duration of
constipation symptoms,
months (SD)

Tegaserod 6 mg b.i.d.
(n = 304)
34.5
18-80

Placebo
(n = 303)
35
18-78

152 (50.0)
132 (43.4)
20 (6.6)

151 (49.8)
135 (44.6)
17 (5.6)

70 (23.0)
234 (77.0)

61 (20.1)
242 (79.9)

303 (99.7)
1 (0.3)
100.3 (90.7)

303 (100.0)
0
94.9 (93.1)

1.60

Change in number of CSBMs/wk

Table 1 Patient demographic and baseline characteristics (ITT
population)

735
b
1.39

1.20

0.91
0.80

0.40

0.00

Placebo

Tegaserod 6 mg b.i.d.

Figure 2 Change from baseline in the number of CSBMs per week (wk 1-4) by
treatment (ITT population). Footnote: bP = 0.0002 vs placebo; Mean number of
CSBMs per week at baseline: tegaserod 0.36; placebo 0.31.

Table 2 Treatment differences in change from baseline in
number of CSBMs/wk for wk 1-4 (ITT population)

and ‘other’ (4.3%). Most patients completed the doubleblind treatment period (97.7% in the tegaserod group and
98.0% in the placebo group). One patient randomized to
receive tegaserod did not receive study medication and was
therefore excluded from the safety population.
Demographic and baseline variables were comparable
between the tegaserod and placebo groups and most
patients were Oriental [99.7% (tegaserod) vs 100.0%
(placebo)] (Table 1).
Prior to randomization, the duration of patients’
constipation symptoms was approximately 8 years in the
tegaserod and placebo groups (Table 1). The mean number
of CSBMs per week during the 2-wk baseline period
was 0.36 in the tegaserod group and 0.31 in the placebo
group. The most bothersome symptoms reported by
patients subsequently randomized to tegaserod or placebo
was straining (53.0% vs 56.1%), followed by feeling of
incomplete evacuation (15.1% vs 15.2%), hard stools (13.5%
vs 13.9%) and infrequent defecation (14.5% vs 11.9%).
Laxative use in both treatment groups was comparable
during the baseline period (35.5% and 36.0% of patients,
randomized to tegaserod and placebo, respectively).
Primary efficacy variable
An increase from baseline in the overall number of CSBMs
per week during the 4-wk treatment period was observed
in patients receiving tegaserod (adjusted mean 1.39) and
placebo (adjusted mean 0.91) (treatment difference; 0.48,
95% confidence interval; 0.23-0.73), yielding a statistically
significant difference in favor of tegaserod (P = 0.0002,
Figure 2 and Table 2). Tegaserod treatment significantly
increased the number of CSBMs per week from baseline
during each week of treatment, compared with placebo
(P < 0.05) (Figure 3 and Table 2). Subgroup analysis
revealed that men treated with tegaserod showed a greater
increase from baseline in the overall number of CSBMs
per week (wk 1-4) compared with women treated with
tegaserod (the mean increase in the number of CSBMs per
week was 1.67 in men and 1.29 in women).

Time
period
wk 1-4

wk 1

wk 2

wk 3

wk 4

n
Mean (SD)
Adjusted mean1
Median
Min, max
Tegaserod-placebo
(95% CI)2
P value3
Tegaserod–placebo
(95% CI)2
P value3
Tegaserod-placebo
(95% CI)2
P value3
Tegaserod–placebo
(95% CI)2
P value3
Tegaserod–placebo
(95% CI)2
P value3

Tegaserod 6
mg b.i.d.
n = 304

n = 303

Placebo

303
1.38 (1.759)
1.39
0.75
-2.0, 9.0

303
0.89 (1.444)
0.91
0.25
-1.5, 7.5

0.48
(0.23, 0.73)
0.0002
0.34
(0.05, 0.64)
0.0226
0.54
(0.24, 0.84)
0.0004
0.57
(0.27, 0.86)
0.0002
0.47
(0.17, 0.77)
0.002

CSBM: complete spontaneous bowel movement; SD: standard deviation; CI:
confidence interval. Change from baseline (cfb) = post-baseline–baseline. A
positive cfb indicates an increase in the number of CSBMs/wk. 1Adjusted
mean cfb. Calculated from least square mean estimate of repeated measures
analysis. 2Treatment difference (> 0 favors tegaserod). 3Repeated measures
model: cfb in number of CSBMs/wk = treatment (patient) + week + center +
baseline + baseline *week + treatment *week.

Secondary efficacy variables
Analysis of response, defined as a mean increase of one or
more CSBMs per week relative to baseline during the 4-wk
treatment period, showed that treatment with tegaserod
was significantly more effective than treatment with
placebo [overall, tegaserod (47.7%) vs placebo (35.0%), P =
0.0018). While overall response was statistically significant
for all 4 wk combined, statistical significance for individual
weeks was reached at wk 2, 3 and 4 of treatment (Figure
4A).
Overall, treatment with tegaserod was superior to
www.wjgnet.com

736

ISSN 1007-9327

CN 14-1219/R

Tegaserod 6 mg b.i.d.
Placebo
a

1.60

a

A 60
50

a
Response (%)

Change in number of CSBMs/wk

2.00

1.20
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a

0.80

0.40

0.00

Tegaserod 6 mg b.i.d.
Placebo
a

Number 5

a
a

40
30
20

0
1

2

t /wk

3

4

B 50

a

a

a

Tegaserod 6 mg b.i.d.
Placebo

1

2

t /wk

3

4

Tegaserod 6 mg b.i.d.
Placebo

40
a
Response (%)

2.00

a

a

30

a

a
20

10

1.20

0
1

0.80

0.40

0.00

1

2

t /wk

3

4

Figure 5 Change from baseline in number of SBMs per week by study week and
treatment (ITT population). aP < 0.05 vs placebo; Mean number of SBMs per week
at baseline: tegaserod 2.33; placebo 2.26.

treatment with placebo in terms of the absolute response
rate (three or more CSBMs per week) [tegaserod (25.0%)
vs placebo (14.5%), P = 0.0021]. This difference was
statistically significant at each week of treatment (Figure 4B).
Assessment of constipation symptoms
Improvements in constipation symptoms were observed
in patients receiving tegaserod over wk 1-4. Tegaserod
significantly increased the number of SBMs per week
compared with placebo (adjusted mean 1.57 vs 0.89,
P < 0.0001), and this was statistically significant for each
of the 4 wk of treatment (P < 0.05) (Figure 5). Compared
with placebo, treatment with tegaserod also decreased the
overall number of days per week (wk 1-4) with no stools,
hard or very hard stools (adjusted mean -1.94 vs -1.19, P
< 0.0001) and this was statistically significant for each of
the 4 wk of treatment (P < 0.05) (Figure 6). Treatment
with tegaserod also resulted in a decrease in the weekly
mean straining score (adjusted mean -0.41 vs -0.33, P
= 0.0282) and a decrease in the number of days per
week with straining (adjusted mean -1.65 vs -1.24, P =
0.0085).
Significantly more patients receiving tegaserod than
www.wjgnet.com

2

t /wk

3

4

Figure 4 A: Response rate relative to baseline (increase of ≥ 1 CSBM per week)
by week (ITT population); B: Absolute response rate (increase of ≥ 3 CSBM per
week) (ITT population). aP < 0.05 vs placebo; Mean number of CSBMs per week
at baseline: tegaserod 0.36; placebo 0.31.

2.50

Number of days with improved stool form

Increase in number of SBMs/wk

Volume 13

10

Figure 3 Change from baseline in the number of CSBMs per week by study week
and treatment (ITT population). Footnote: aP < 0.05 vs placebo; Mean number of
CSBMs per week at baseline: tegaserod 0.36; placebo 0.31.

1.60
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2.00

Tegaserod 6 mg b.i.d.
Placebo
a

a
a

a

1.50

1.00

0.50

0.00

1

2

t /wk

3

4

Figure 6 Change from baseline in number of days per week with no stool,
hard, or very hard stools by treatment (ITT population). aP < 0.05 vs placebo; An
improvement was defined as a decrease in the number of days with no stool, hard,
or very hard stools (Bristol stool score of 1 or 2[19]) relative to baseline.

placebo responded positively to the question of whether
they had ‘satisfactory relief from their constipation
symptoms over the past week of treatment’ at all 4 wk of
treatment (wk 1: 52.5% vs 35.0%; wk 2: 54.9% vs 40.5%;
wk 3: 56.5% vs 41.3%; wk 4: 57.8% vs 44.2%; all P < 0.05)
and at end of treatment (57.8% vs 43.9, P < 0.05)
(Figure 7).
Trends in favor of tegaserod were obser ved for
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Patients reporting satisfactory relief (%)

80

60

Tegaserod 6 mg b.i.d.
Placebo

a

a

a

a

40

20

0
1

2

t /wk

3

4

Figure 7 Satisfactory relief of constipation symptoms by week and treatment
period (ITT population). aP < 0.05 vs placebo.

the following secondary variables: bothersomeness
of constipation, distension/bloating and abdominal
discomfort/pain. Statistical significance was observed
in wk 3 (bothersomeness of distension/bloating
and abdominal pain/discomfort) and in wk 1-3
(bothersomeness of constipation). The number of patients
using laxatives during the double-blind treatment period
was higher in the placebo group (31.4%) compared with
the tegaserod group (27.0%), although this difference was
not statistically significant.
Safety assessments
The AEs reported in this study were mostly mild and
transient. The overall frequency of AEs was similar in
both the tegaserod and placebo groups (9.9% vs 11.2%)
(Table 3). Diarrhea was the most common AE, reported
by 3.6% of patients in the tegaserod group and 1.7% of
patients in the placebo group. The study investigators
considered the majority of cases of diarrhea to be mild (no
cases were reported to be severe), and transient [median
duration of first episode of diarrhea: 2 d (tegaserod
group) vs 3 d (placebo group)]. All cases of abdominal
pain were reported to be mild or moderate in severity and
were reported with equal frequency in both groups (1.7%
in each group).
The number of discontinuations due to AEs was
the same in both treatment groups (0.7% each) (AEs
resulting in discontinuation included diarrhea, dizziness,
hypertension, rash, tinnitus, venous thrombosis in the
limb, and vertigo). Other reasons for discontinuation
included unsatisfactory therapeutic effect (0.3% in each
group), patients no longer requiring study drug due to
symptom improvement (0.3% in the tegaserod group and
0.0% in the placebo group), withdrawal of consent (0.3%
in the tegaserod group and 0.7% in the placebo group) and
patients lost to follow-up (0.7% in the tegaserod group
and 0.3% in the placebo group). Five SAEs were reported,
none of which were considered to be related to the study
drug [one case of ureteric cancer in the tegaserod group
(0.3%) and one case each of ankle fracture, pregnancy,
hemorrhoid surgery, and venous thrombosis in the limb in
the placebo group (1.3% in total)]. No cases of ischemic
colitis were reported during this study, and no deaths
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Table 3 Incidence of most frequent AEs, regardless of
relationship to study drug (safety population)
Adverse event
Diarrhea
Abdominal pain
Nasopharyngitis
Transaminases increased
Nausea
Abdominal distension
Dizziness
Leukopenia
Urinary tract inflammation
Abdominal pain upper

Tegaserod 6 mg b.i.d.
(n = 303) (%)
11 (3.6)
5 (1.7)
1 (0.3)
3 (1.0)
1 (0.3)
3 (1.0)
2 (0.7)
1 (0.3)
1 (0.3)
0

Placebo
(n = 303) (%)
5 (1.7)
5 (1.7)
7 (2.3)
1 (0.3)
3 (1.0)
0
0
1 (0.3)
1 (0.3)
2 (0.7)

occurred. Laboratory and ECG evaluations, and vital signs
were comparable between treatment groups.

DISCUSSION
This is the first randomized, double-blind, placebocontrolled trial designed to evaluate the efficacy and safety
of tegaserod in an adult population of men and women
from China, who met the Rome Ⅱ diagnostic criteria for
CC. The recent Rome Ⅲ criteria, published after this study
was conducted, have further refined diagnostic criteria
for CC[20].
The key efficacy analyses demonstrated that tegaserod
improves multiple symptoms of CC. The results revealed
that treatment with tegaserod was associated with a rapid
and significant increase from baseline in the number of
CSBMs at wk 1, which was sustained over each of the
4 wk of treatment. Secondary efficacy analyses also
showed statistically significant improvements for tegaserod
over placebo with regard to evaluation of bowel habits and
satisfaction with constipation relief.
The responder rate for mean increase of one or
more CSBM per week during the 4-wk treatment period
[tegaserod (47.7%) vs placebo (35.0%)] was similar to the
results obtained with Caucasian patients[14,15] suggesting
that patients from China with CC respond in a similar
fashion to those from Western countries.
Subgroup analysis confirmed that tegaserod relieved
the multiple symptoms of CC in both men and women.
This observation has clinical relevance, as fewer data are
available in men, and further confirms the results from
other pivotal studies[14,15].
Treatment with tegaserod was associated with a safety
profile similar to that seen with placebo, although slightly
more patients receiving tegaserod than placebo reported
mild and transient diarrhea. Diarrhea is a predictable
pharmacological event, and is likely due to tegaserod’s
promotile effect that stimulates peristalsis, reduces stool
hardness and accelerates orocecal transit, promoting
stool expulsion[12,13]. The increased incidence of diarrhea
following treatment with tegaserod was similar to that
reported in all other clinical studies of patients with CC
from different ethnic groups[14,15,17,18].
The primary efficacy variable used in this study was the
change from baseline in the number of CSBMs per week.
www.wjgnet.com
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The assessment of SBMs discounts laxative-induced BMs,
while further characterizing SBMs as ‘complete’ ensures
that measurements are not simply based on an increase in
the number of small hard pellets that are passed, which
would leave symptoms unimproved for the patient. Hence,
the definition of CSBM used in this study provides a
subjective measure of BMs that are associated with a sense
of complete evacuation, while in addition, providing an
objective measure of the number of BMs. This assessment
of CSBMs is considered to be able to detect changes that
are meaningful to the patient.
Medications, such as laxatives, which are traditionally
used to treat CC, may improve the frequency of BMs, but
they do not treat the underlying causes of CC and have
no proven effect on the multiple symptoms including
straining, incomplete evacuation, abdominal bloating and
abdominal discomfort/pain [9,21]. Therefore, in order to
control their symptoms, patients often rely on multiple
treatments, which are often ineffective. These include the
increased intake of fiber, modifications in lifestyle and diet,
and the use of prescription/non-prescription laxatives.
This has led to high patient dissatisfaction and frustration
with current treatments for CC[1], and hence there is a need
for simple, safe, and effective first-line therapies to treat
the multiple symptoms of patients with this disorder.
In conclusion, this was the first rigorously designed
study to evaluate the efficacy and safety of tegaserod in
an adult population of men and women from China with
CC. The results of key efficacy analyses demonstrated that
compared with placebo, tegaserod 6 mg b.i.d. increased
the frequency of CSBMs, improved multiple symptoms of
constipation, and was associated with a safety profile that
is similar to that of placebo. Therefore, tegaserod offers
an effective treatment option for patients from China
with CC.

The results of this study demonstrated that compared with placebo, tegaserod
6 mg b.i.d. increased the frequency of CSBMs, improved multiple symptoms of
constipation, and was well tolerated in both men and women with CC from China.

Terminology

Complete spontaneous bowel movement (CSBM): The term ‘CSBM’ refers to
the spontaneous occurrence of a bowel movement associated with a feeling of
complete evacuation. Assessing bowel movements as ‘spontaneous’ discounts
laxative-induced bowel movements, but further characterizing spontaneous bowel
movements as ‘complete’ (CSBMs) ensures that measurements are not simply
based on an increase in the number of small hard pellets that are passed, which
would leave symptoms unimproved for the patient. The definition of CSBM used
in this study therefore provides a subjective measure of bowel movements that
are associated with a sense of complete evacuation, while in addition, providing
an objective measure of the number of bowel movements. Tegaserod: A selective
partial agonist of the 5-HT4 receptor.
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Abstract
AIM: To demonstrate that age does not influence the
choice of treatment for gastroesophageal reflux disease
(GERD). We hypothesized that the outcome of total fundoplication in patients > 65 years is similar to that of
patients aged ≤ 65 years.
METHODS: Fo u r h u n d re d a n d t w e n ty c o n s e c u t i ve p a t i e n t s u n d e r w e n t t o t a l l a p a ro s c o p i c fu n doplication for GERD. Three hundred and fifty-five
patients were younger than 65 years (group Y),
and 65 patients were 65 years or older (group E).
T h e fo l l o w i n g e l e m e n t s w e re c o n s i d e re d : p re s ence, duration, and severity of GERD symptoms;
p re s e n c e o f a h i a t a l h e r n i a ; m a n o m e t r i c e va l u ation, 24 h pH-monitoring data, duration of operation;
incidence of complications; and length of hospital stay.
RESULTS: Elderly patients more often had atypical
symptoms of GERD and at manometric evaluation had a
higher rate of impaired esophageal peristalsis in comparison with younger patients. A mild intensity of heartburn
often leads physicians to underestimate the severity of
erosive esophagitis. The duration of the operation was
similar between the two groups. The incidence of intraoperative and postoperative complications was low and
the difference was not statistically significant between
the two groups. An excellent outcome was observed in
92.9% young patients and 91.9% elderly patients.
CONCLUSION: Laparoscopic antireflux surgery is a safe
and effective treatment for GERD even in elderly patients, warranting low morbidity and mortality rates and
a significant improvement of symptoms comparable to
younger patients.
Key words: Gastroesophageal reflux disease; Esophagitis;
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Impaired peristalsis; Hiatal hernia; Laparoscopic total
fundoplication
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INTRODUCTION
The population of elderly is rapidly growing globally, e.g.
in the USA nearly 20 million of people will be more than
85 years old in the next fifty years[1]. Digestive diseases are
common causes of morbidity and mortality in the elderly[2].
Among them gastroesophageal reflux disease (GERD)
is usually more severe than in younger patients, which
is frequently under-diagnosed and less treated [2]. This
results in an increase of esophageal mucosal injuries and
subsequent complications. Therefore, a more aggressive
treatment has been advocated in these patients[3]. However,
a higher morbidity and mortality of open surgery in the
elderly, limited the number of these patients referred for
surgical treatment. Moreover, their shorter life expectancy
made surgery to be deemed a cost-ineffective strategy.
The advent of laparoscopic fundoplication has greatly
reduced the morbidity of antireflux surgery and by now, it
should be considered the surgical treatment of choice for
GERD[4]. The aim of the current study is to review the
outcome of young and elderly patients undergoing laparoscopic antireflux surgery for the treatment of GERD.

MATERIALS AND METHODS
From September 1992 to December 2005, 420 consecutive
patients, 171 male and 249 female, mean age 42.8 years
(range 12-80) with GERD underwent laparoscopic NissenRossetti fundoplication. The preoperative and postoperative data were prospectively collected. Demographic data
were obtained at the time of first visit. Sixty-five patients
older than 65 years of age were defined as the elderly
group (EG) whereas the remaining 355 younger than 65

Pizza F et al. Gastroesophageal reflux disease

years of age were defined as the young group (YG). Ethics
board approval for collecting and using these data was obtained.
Preoperative evaluation
Preoperatively all patients underwent Upper Gastrointestinal Endoscopy (UE), X-ray of barium swallow, esophageal manometry and 24-h pH monitoring. They were off
peptic medications for thirty days. The medical evaluation
included a structured questionnaire based on modified
DeMeester symptom scoring system (Table 1). Measurement of hiatal hernia size was performed at the end of
endoscopic examination after deflation of the stomach
or by X-ray of barium swallow with video-fluoroscopy.
The hernia size was measured as the distance between the
centre of the diaphragmatic hiatus and the superior aspect
of gastric folds. A hiatal hernia was deemed to be present
if either gastric folds or a hernia pouch was present above
the diaphragm between swallows. Esophagitis severity
was assessed by means of Savary-Miller grading system.
The location of Barrett’s esophagus was noted; and the
esophageal strictures, paraesophageal hernias and reinterventions were excluded from the study. Stationary esophageal manometry was carried out using 8-channel perfusion
catheters, 4 disposed radially and oriented at 90° to each
other and 4 positioned longitudinally at intervals of 5 cm.
The catheter was perfused with distilled water using a lowcompliance capillary pump at a constant infusion rate of 0.8
mL/min at 1.2 kg/cm2. A system of pressure transducers
transmitted data to an acquisition device (ACQ1TM-Menfis
bioMedica-Bologna, Italy) and from there to a personal
computer. A specific software package (Dyno 2000 TMMenfis bioMedica-Bologna, Italy) was used for data acquisition and processing. The following variables were
assessed: (1) pressure of the lower esophageal sphincter;
(2) relaxation of the lower esophageal sphincter (LES) in
response to swallowing; (3) amplitude and propagation of
peristalsis (esophageal peristalsis was considered impaired
when < 30 mmHg). The LES was studied by both the stationary and the rapid pull-through methods. Esophagogastric pH monitoring was carried out using two glass probes
which were connected to a portable, solid-state recorder
(Digitrapper ProximaTM-Synetics Medical, Sweden): the
electrodes were placed, respectively, 5 cm above the proximal margin and 5 cm below the distal margin of the LES,
identified by means of stationary manometry. For statistical analysis, results were expressed as a mean value ± SD;
correlations among the various parameters were analysed
using Fischer’s exact test. The Wilcoxon signed rank test
was used to compare the preoperative and postoperative
modified DeMeester symptom score. American Society of
Anaesthesiologists (ASA) grade was recorded at the time
of surgery.
Postoperative evaluation
On an outpatient basis, the patients came to our department each six months for the first postoperative year and,
after, each year and were invited to fulfil a standardized
questionnaire dealing with presence of typical or atypical
symptoms and based on the modified DeMeester score
(Table 1). Satisfaction of the procedure and the will of un-
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Table 1 Modified DeMeester scoring system
Symptoms

Score

Dysphagia

0
1
2
3
0
1
2
3
0
1
2
3

Heartburn

Regurgitation

Description
None
Occasional transient episodes
Require liquids to clear
Impaction requiring medical attention
None
Occasional brief episodes
Frequent episodes requiring medical treatment
Interference with daily activities
None
Occasional episodes
Predictable by posture
Interference with daily activities

Table 2 Preoperative evaluation: data and ASA score in EG
and YG
Demographics
Age (mean yr ± SD)

EG (> 65 yr)

YG (< 65 yr)

P

72.6 ± 2.1

48.2 ± 3.2

< 0.05

Male:Female

1:1.5

ASA score
Weight (mean ± SD)

2.2 ± 0.43
64.4 ± 5.1

1:1.7

NS

1.82 ± 0.51

< 0.05

65.3 ± 6.4

NS

Table 3 Incidence of pre-operative symptoms in EG and YG
Symptoms
Heartburn
Acid regurgitation
Solid food dysphagia
Chest pain
Respiratory complication
(chronic cough, sleep apnoea,
asthma, laryngitis)

EG (%)

YG (%)

P

44/65 (67.7 )
39/65 (60.0 )
22/65 (33.8 )
18/65 (27.7 )
27/65 (41.5 )

298/355 (83.9 )
277/355 (78.0 )
27/355 (7.6 )
51/355 (14.4 )
19/355 (5.4 )

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

dergoing the same operation after knowing its effects were
defined as excellent outcome
Instrumental follow-up after surgery included: X-ray
of barium swallow (performed at 1 year after surgery),
esophageal manometry (performed at 6 mo, 1 year, and 2
years after surgery) and 24 h pH monitoring (performed at
1 year after surgery).
Statistical analysis was carried out using SPSS for Windows (version 12.0, SPSS Inc. Chicago, IL). Results were
expressed as mean ± SD unless otherwise indicated. Student’s t test, the Chi-square test, the Fischer’s exact test and
the Wilcoxon signed rank test were used as appropriate. P
value < 0.05 was considered statistically significant.

RESULTS
Preoperative data
Demographics data and ASA score of the two groups are
listed in Table 2. In the YG, the mean duration of preoperative symptoms was 4.6 ± 2.3 years (range 1-11) whereas
in the EG it was 8.3 ± 2.5 years (range 5-22). Tables 3 and
4 depict the incidence and severity of typical and atypical
www.wjgnet.com
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Table 4 Severity of preoperative symptoms in EG and YG
(mean ± SD)
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Table 5 Preoperative manometric evaluation in EG and YG

Symptoms

EG

YG

P

Heartburn

1.7 ± 0.87

2.7 ± 0.74

< 0.05

Acid regurgitation

1.5 ± 0.96

2.3 ± 0.89

< 0.05

Solid food dysphagia

1.6 ± 0.76

0.5 ± 0.2

< 0.05

Chest pain

1.6 ± 0.82

1.5 ± 0.87

> 0.05

Respiratory complication
(chronic cough, sleep apnoea,
asthma, laryngitis)

1.8 ± 1.04

1.0 ± 0.45

< 0.05

EG

YG

P

11.2 ± 1.5

11.0 ± 1.2

> 0.05

43/65 (66.2%)

114/355 (32.1%)

< 0.05

Manometry
LES pressure (mmHg)
Impaired esophageal
peristalsis (< 30 mmHg)
N° of patients

Table 6 Preoperative evaluation: incidence, size of HH and pH metric data in NERD, ERD and Barrett patients in EG and YG
EG

YG

NERD

NERD

P

EG

YG

ERD

ERD

P

EG

YG

Barrett

Barrett

P

Patients n (%)

15/65 (23.1)

220/355 (62)

< 0.05

45/65 (69.2)

125/355 (35.2)

< 0.05

5/65 (7.7)

10/355 (2.8)

< 0.05

Hiatal Hernia n (%)

13/15 (86.7)

148/220 (67.3)

< 0.05

39/45 (86.7)

97/125 (77.6)

< 0.05

4/5 (80)

8/10 (80)

-

0.3 ± 0.1

< 0.05

4.1 ± 1.9

2.3 ± 0.2

< 0.05

Hiatal Hernia size (cm)
De Meester score

1.2 ± 0.18
13.1 ± 1.2

12.4 ± 1.2

> 0.05

17.5 ± 1.4

14.3 ± 1.2

> 0.05

18.2 ± 1.3

16.2 ± 1.4

> 0.05

(%) time pH < 4 (total)

11 ± 3

6±2

< 0.05

26 ± 3

11 ± 5

< 0.05

27 ± 6

27 ± 5

> 0.05

(%) time pH < 4 (supine)

12 ± 4

7±2

< 0.05

28 ± 4

13 ± 4

< 0.05

29 ± 5

30 ± 8

> 0.05

(%) time pH < 4 (upright)

9±4

5±2

< 0.05

15 ± 5

5±3

< 0.05

25 ± 2

22 ± 7

> 0.05

symptoms in both groups. At manometric evaluation, no
statistically significant differences in the mean LES pressure were found when the two groups were compared (P
= NS) but the EG had a higher rate of impaired esophageal peristalsis (defined as peristaltic waves with a pressure value lower than 30 mmHg) in comparison with their
younger counterparts (P < 0.05) (Table 5). Incidence of
Hiatal Hernia (HH) was 89.2% (58/65) in elderly patients
and 71.3% (253/355) in young patients (P < 0.05).
Table 6 shows the prevalence of HH and esophagitis
and pH metric values either in Non-erosive reflux disease
(NERD) and in Erosive reflux disease (ERD) patients. In
the EG, 45/65 (69.2%) patients presented with esophagitis
(ERD group): 11 of 45 (24.4%) had a grade I esophagitis
while 34 out of 45 (75.6%) had a grade Ⅱ-Ⅲ esophagitis. In the YG, 125/355 (35.2%) patients presented with
esophagitis (ERD group): 76 out of 125 (60.8 %) had a
grade I esophagitis while 49 of 125 (39.2%) had a grade
Ⅱ-Ⅲ esophagitis.
Therefore, in the EG, a significant higher grade of esophagitis has been found along with a higher incidence of
Barrett esophagus (Table 6).
A pathologic DeMeester score was found at pH-monitoring in all patients of both subgroups: in the YG, it was
12.4 ± 1.2 and 14.3 ± 1.2, whereas in the EG it was 13.1
± 11.2 and 17.5 ± 1.4 respectively for NERD and ERD
subgroups. The mean percentage of total time < 4 at 24-h
pH monitoring in NERD and ERD subgroups, is shown
in Table 6.
Perioperative results
All the interventions were completed via laparoscopic ap-
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Table 7 Perioperative results in EG and YG
Intraoperative results
Operative time (m)
Operative blood loss (mL)
Major complications
Mortality
Postoperative recovery
Post operative hospital stay (d)
Resumption of normal activity (d)

EG

YG

P

61 ± 15
50 (0-120)
0
0

45 ± 15
30 (0-100)
4/355 (1.1%)1
0

< 0.05
< 0.05
-

3.8 ± 1.0
12.5 ± 9.0

2.4 ± 0.9
8.3 ± 3.4

< 0.05
< 0.05

1

1/335 intraoperative mucosal tear, 3/335 postoperative bleeding (1
splenectomy).

proach. Mean operative time was 45 ± 14 min in YG and
61 ± 15 min in EG. No mortality was observed in both
groups. A major complication occurred in 4/420 patients
(1.0%), all among the YG. Mean postoperative hospital
stay was 2.4 ± 0.9 d in YG (range 1-5) and 3.8 ± 1.0 d in
EG (range 1-7) (P < 0.05). Normal activity resumed in 8.3
± 3.4 d in YG and 12.5 ± 9.0 d in EG (P < 0.05) (Table 7).
Postoperative results
We followed up clinically 408 (97.1%) of 420 patients,
62 (95.3%) patients in the EG and 338 (95.2%) patients
in YG. Two patients in the EG died four years after surgery for no surgery correlated event. In the YG, the mean
follow-up was 83.2 ± 7 mo (range 6-141) whereas in EG it
was 60 ± 8 mo (range 6-95).
An excellent outcome was observed in 314/338 (92.9%)
younger patients and in 57/62 (91.9%) elderly patients
(P > 0.05). Both groups showed significant improvement
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Table 8 Postoperative symptoms score in EG and YG (mean symptom score ± SD)
Symptoms

P

EG

Heartburn
Acid regurgitation
Solid food dysphagia
Chest pain
Respiratory complication
(chronic cough, sleep apnoea, asthma, laryngitis)

Preop.

Postop.

1.7 ± 0.87
1.5 ± 0.96
1.6 ± 0.76
1.6 ± 0.82
1.8 ± 1.04

0.2 ± 0.12
0.3 ± 0.13
0.4 ± 0.12
0.3 ± 0.21
0.3 ± 0.11

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

P

YG
Preop.

Postop.

2.7 ± 0.74
2.3 ± 0.89
0.5 ± 0.2
1.5 ± 0.87
1.0 ± 0.45

0.3 ± 0.11
0.2 ± 0.12
0.2 ± 0.15
0.2 ± 0.13
0.2 ± 0.12

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

Preop: preoperative; Postop: postoperative.

Table 9 Postoperative side effects in EG and YG
EG
Postoperative side effects:
number patients (%)
Dysphagia
Heartburn
Hyperflautolence
Early satiety
Bloating
Chest pain

YG

Table 10 Postoperative manometric evaluation at 24 mo after
surgery in EG and YG
P
Manometry

2/62 (3.2%)1
2/62 (3.2%)3
1/62 (1.6%)
2/62 (3.2%)
1/62 (1.6%)
0

11/338 (3.3%)2
12/338 (3.6%)4
6/338 (1.8%)
9/338 (2.7%)
3/338 (0.9%)
2/338 (0.6%)

> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05

1

2 dilation; 2 5 dilation, 6 laparoscopic re-fundoplication; 3 2 reassumed
peptic medications; 4 8 reassumed peptic medications, 4 laparoscopic refundoplication.

Preop.

Postop.

YG (230 Pts)
Preop.

P

Postop.

N-HPZ pressure 11.2 ± 1.5 28.2 ± 1.5 < 0.05 11.0 ± 1.2 28.1 ± 1.2 < 0.05
(mmHg)
Increase of mean
peristalsis waves
patients n (%)

28/36
(77.8%)

100/230
(43.5%)

Preop: preoperative; Postop: postoperative.

60

in clinical symptom score (Table 8). At 6 mo, persisting
postoperative dysphagia (DeMeester score 2-3) leading to
> 15% of weight loss was observed in 11 (3.3%) of 338
patients in YG, 2 patients in the group with preoperative
impaired peristalsis and 9 in the group with normal esophageal motility (Table 9). In EG, persisting postoperative
dysphagia was relieved in 2 (3.2%) of 62 patients, both
in group with normal preoperative esophageal peristalsis
(Table 9).
No statistically significant difference was observed between patients with normal and impaired peristalsis. Five
patients in YG and both 2 patients in EG were treated
with endoscopic dilatation, whereas 6 patients in YG underwent a laparoscopic redo-funduplication with partial
resolution of dysphagia. Recurrent heartburn was observed and confirmed with 24 h pH monitoring follow-up
in 14/408 patients (3.4%), which was due to a disrupted
wrap, an herniated wrap, and a slipped Nissen detected at
X-ray barium in 7, 4, and 3 cases, respectively.
Ten patients reassumed their peptic medications; the
remaining 4 patients, all in YG, underwent redofunduplication with partial resolution of symptoms. Respiratory
symptoms showed a significant improvement in both
groups (Table 9). Other data regarding hyper-flatulence,
early satiety and bloating are depicted in Table 9.
Esophageal manometric follow-up (performed at 6, 12,
and 24 mo after surgery) was made in 331 (81.1%) of 408
patients at 6 mo (48/62, 77.4% in EG and 283/338, 83.7%
in YG), 275/408 (67.4%) at 12 mo (38/62, 61.3% in EG
and 237/338, 70.1% in YG), and 266/408 (65.2%) at 24
mo (36/62, 58.1% in EG and 230/338, 68.0% in YG).
Stationary esophageal manometry showed a significant

P

EG (36 Pts)

55
50

EG mean LES (mmHg)
YG mean LES (mmHg)

45
40
35
30
25
20
15
10
5
0

Preoperative

6 mo

12 mo

24 mo

Figure 1 Modification in LES (mean in mmHg) in EG and YG.

improvement in the mean new high pressure zone (N-HPZ)
value in comparison with preoperative values in the two
groups (P < 0.05) (Table 10 and Figure 1); Manometric
evaluation at 24 mo after surgery showed an increase of
mean peristalsis waves in 28/36 (77.8%) patients of the
EG and 100/230 (43.5%) patients of the YG.
Twenty-four hour pH monitoring at 1 year after surgery
was performed in 205/408 (50.2%) patients. There was a
significant postoperative decrease in DeMeester score and
percentage of time pH < 4 during 24 h (Table 11).

DISCUSSION
Gastroesophageal reflux disease (GERD) is a common
disorder in the western population; periodically symptoms
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Table 11   De Meester score and percentage of reflux time during
24 h in EG and YG, preoperative and 1 yr after surgery
Preoperative

1 yr after surgery

EG

15.1 ± 1.1

1.2 ± 0.7

YG

13.4 ± 1.5

1.1 ± 0.2

EG

9.1 ± 0.6

1.4 ± 0.3

YG

8.2 ± 0.7

0.9 ± 0.8

DeMeester score

(%) time pH < 4

occur in approximately 20% of adults in USA[5]. Its cost
has been estimated to be $24.1 billion annually[2].
By 2020 more than 16% of population in USA are
expected to be more than 65 years old while nearly 20
million ought to be more than 85 years old[6]. In the elderly,
the prevalence of GERD is nearly the same among the
general population, but complicated GERD appears to be
more common than in young people[6].
Several authors have reported a higher incidence
of esophagitis as well as Barrett esophagus in older
patients[7-11]. Collen[7] found that esophagitis and Barrett
esophagus were almost twice in patients aged 60 years
than in young people (81% vs 47%, P < 0.002). Zhu [8]
observed that the percentage of time with pH < 4 was
32.5% in older patients with GERD vs 12.9% in younger
ones (P < 0.05). Furthermore, among elderly patients
with esophagitis, nearly 21% had grade Ⅲ-Ⅳ disease
compared with only 3.4% of younger patients (P = 0.002).
Cameron[9] demonstrated that the prevalence of Barrett’s
esophagus increased with age to reach a plateau by the seventh decade. Fass[11] reported that the mean incidence rate
of erosive esophagitis was 74% in the elderly and 64% in
the younger patients and the frequency of symptoms was
lower in the elderly group. David[12] demonstrated that the
prevalence of severe esophagitis increased with age: only
12% in GERD patients < 21 years old in comparison with
37% in patients > 70 years old had severe esophagitis.
Also in our study, the elderly group (EG) had a
higher rate of erosive esophagitis (69.2% vs 35.2.%) and
a lower rate of Grade I esophagitis (22.2% vs 60.8%).
Moreover, incidence of Barrett’s esophagus as well as
mean percentage of total time < 4 at pH-monitoring were
significantly higher in the EG (Table 7). The frequency
of reflux episodes has been reported to be similar either
in the elderly or in young people whereas the duration
of individual reflux episodes seems to be longer in the
elderly[13]. However, it is not clear which factors lead to a
more severe GERD in the elderly.
The etiopathogenesis of GERD seems to be multifactorial. The alteration may include a defective antireflux
barrier, abnormal esophageal-clearance, altered esophageal
mucosal resistance, and delayed gastric emptying[14].
Hiatal hernia (HH) as a str uctural defect of the
antireflux barrier is a determining factor of GERD, by
impairing both the diaphragmatic component and the
clearance of acid refluxate from the distal esophagus[15]. HH
has been identified in 60% of patients > 60 years old[16].
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Furthermore, several studies found a higher frequency of
esophagitis in patients with HH compared with patients
without HH, and the severity was proportional to the size
of HH. In our study, we noted a significant higher rate of
HH in the EG (Table 6). Previous studies excluded any
adverse effect of aging on the lower esophageal sphincter
(LES) of healthy subjects[17,18]. Similarly, we did not find
any significant difference in LES pressure between the EG
and the YG. However, an impaired esophageal peristalsis
(waves pressure < 30 mmHg) has been found in 66.7%
of the EG and 33.4% of the YG (Table 5). It is not clear
whether impaired peristalsis is a cause of or affects a more
severe GERD, since we noted an increased amplitude
of peristaltic waves both in the EG and in the YG at the
postoperative manometric follow-up evaluation (Figure 1).
Changes in motility seen in older patients is related to
long- term esophageal acid exposure rather than to effects
of aging on esophageal smooth muscle and on collagen
production that is increased in chronic inflammation[18,19].
In our study, the mean duration of preoperative symptoms
was significantly longer in the EG. Probably a vicious
circle begins in these subjects between cardia incontinence,
increasing reflux and impaired peristalsis determining a
reduction of esophageal clearing[20]. The realization of
antireflux procedure seems to break this circle. Some
authors described the increased amplitude of peristalsis in
patients undergoing total fundoplication[21,22].
Besides, Sonnemberg showed an age dependent fall in
salivary bicarbonate production while physiologic levels
of gastric acid secretion remained stable in advanced age.
These factors may increase esophageal acid exposure
because of delayed acid clearance[23]. We found elderly
patients having less frequency and severity of symptoms
like heartburn and acid regurgitation than younger
patients[24] (Tables 3 and 4). Raiha[24] hypothesized that
typical symptoms should not be considered as expression
of acid reflux in older patients. However, it is not clear
which factors reduce frequency and severity of these
symptoms although these patients have a higher rate of
acid exposure and develop a more severe esophagitis.
Several studies have shown that altered esophageal pain
perception to acid in the elderly is the result of an ageing
process that may be responsible for an increased severity
of GERD[11]. On the other hand, frequency and severity
of atypical symptoms have been reported to be higher in
elderly people with GERD[24]. Also in our study, we found
a statistically significant higher rate of atypical symptoms
such as dysphagia for solids, chest pain and respiratory
symptoms in the EG (Tables 3 and 4).
Therefore, a mild intensity of heartburn often leads
physicians to underestimate the severity of erosive esophagitis and its complications.
Surgical correction of GERD has been shown to
be a cost-effective treatment by reducing long-term
complications such as Barrett esophagus and stricture
and by eliminating the need of a life-long medical therapy
especially for young patients. However, a high morbidity
and mortality rate of open surgery performed in the
elderly, limited the number of these patients referred to
surgical units[25]. Since a laparoscopic Nissen fundoplication
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has been reported for the first time, a growing number of
antireflux procedures have been performed in the USA[26].
Several studies showed laparoscopic surgery to be a safe
and effective treatment for GERD being able to improve
quality of life and warranting an early return to daily
activities[27].
In elderly population with GERD, laparoscopic surgery
has proven to be effective with low morbidity and mortality rates. Richter[2] observed that Laparoscopic Nissen Fundoplication did not increase the mortality, morbility and
hospital stay in the elderly patients compared to younger
surgical patients. Kalmoz[28] showed that age should not
be considered a contraindication to laparoscopic surgical treatment of GERD as 97% of elderly patients would
choose surgical treatment again if necessary. Bammer[29]
reported that laparoscopic surgery is a good option for the
treatment of severe GERD in octo- and nonagenarians,
with an excellent follow-up in 93% of elderly patients.
Except for preoperative disease severity, we did not find
any significant difference in perioperative and postoperative results as well as in subjective and objective outcome
between the two groups. The only observed differences
in the operative time and blood loss seem to be related to
the high ASA scores and the higher incidence and size of
hiatal hernia in the EG.
Statistically significant improvement in heartburn, acid
regurgitation, chest pain and respiratory complications
of GERD was observed in both EG and YG (Table 9).
An excellent outcome was observed in 314/338 (92.9%)
younger patients and in 57/62 (91.9%) elderly patients.
A poor outcome was observed in 27 patients, 23/338
(7.1%) in YG and 4/62 (6.5%) in EG; persisting dysphagia
occurred in 11/338 (3.3%) in YG and 2/62 (3.2%) in
EG; and 12/338 (3.6%) in YG and 2/62 (3.2%) in EG
had recurrent of heartburn. Differences between the two
groups were not statistically significant also regarding the
incidence of other side effects (flatulence, early satiety, etc)
(Table 10). Outcome was not dependent on the presence
of disordered esophageal motility.
There have been debates in literature regarding
the realization of partial fundoplication in patients
with defective esophageal peristalsis, and it seemed
reasonable therefore, to choose this kind of wrap in
elderly patients. Many authors supported the realization
of a partial fundoplication in patients with impaired
esophageal peristalsis to lower the incidence of persistent
postoperative dysphagia [30-32] ; moreover, partial wrap
was considered as effective as total wrap to control
gastroesophageal reflux, and short-term follow-up seemed
to validate the choice of partial fundoplication[33,34]. Later
on, partial antireflux procedure showed its inadequacy
to assure a good protection from reflux at a long-term
follow-up[35-37]. Livingston[38] reported a 1.4% recurrence
rate of reflux in patients with total fundoplication versus
6.7% in those with partial fundoplication. At a long-term
follow-up, Fernando [39] observed that 38% of Toupet
patients used PPI versus 20% with Nissen. Jobe[40], in a
ten years follow-up, noted a recurrence rate for reflux
until 51% in patients treated with partial fundoplication
(Toupet and Dor). Moreover, total fundoplication seems
not to determinate a higher incidence of postoperative
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dysphagia compared with the partial wraps, even in
patients with impaired peristalsis[41,42]. Patti[43] analysed the
long-term results of patients treated with partial versus
total antireflux procedures: efficacy was higher for total
fundoplication (recurrence of reflux in 4% of patients with
total fundoplication versus 19% in patients with partial
fundoplication), while the incidence of postoperative
dysphagia was similar in both groups, even in patients
with impaired esophageal peristalsis (8% Toupet versus
9% Nissen). Pessaux[44], at a three-month follow-up, noted
a dysphagia rate of 4.2% in patients treated with Nissen
fundoplication versus 5.9% with Nissen-Rossetti wrap
and 6.9% in those treated with Toupet. In a prospective
randomized trial, Bessell[45] concluded that calibrating the
antireflux wrap according to esophageal motility was not
necessary, because the postoperative persistent dysphagia
rate was similar between patients with total or partial
wrap. Velanovich[46] did not find any statistically significant
difference in postoperative dysphagia rate related to
esophageal motility disorders (MD) (15.8% MD+ versus
16.4% MD-) in a group of patients undergoing total
fundoplication.
B e s i d e s, t o t a l w r a p s e e m s t o b r i n g a b o u t a n
improvement of esophageal peristalsis. Heider[47] observed
an increase of 47% of mean peristaltic waves in distal
esophagus compared with preoperative time (P < 0.01),
with the normalization of the esophageal motility in 74%
of patients. Diaz de Liano[48], at 1 year follow-up, noted
an augment of esophageal peristalsis in 43% of patients
with impaired peristalsis undergoing total fundoplication.
Scheffer [49] showed an increase of mean amplitude of
peristalsis from a preoperative value of 57 mmHg to 86
mmHg at 3 mo follow-up and 92 mmHg at 2 years after
surgery in a group of 34 patients. Oleynikov[50] in a trial
comparing total and partial fundoplication noticed that
in patients undergoing partial wrap, the mean amplitude
of peristaltic waves increased from 27.8 mmHg before
surgery to 35.6 mmHg postoperatively (P > 0.05), while
in patients treated with total fundoplication, these values
were respectively 28.2 mmHg versus 49.0 mmHg (P
< 0.05). These evidences strongly support the choice
of performing a total fundoplication also in elderly
patients, which is often affected by severe impairment of
esophageal peristalsis.
Our choice since 1972, has always been favorable to
the total fundoplication, without section of short gastric
vessel. We usually perform intraoperative endoscopy
and manometry in order to calibrate antireflux wrap[51].
Usually, we calibrate the n-HPZ at values ranging from
20 to 45 mmHg (‘hypercalibrated Nissen’), building
the wrap around the gastroscope (with a diameter of 9
mm). This hypercalibration, in contrast with the 'floppy
Nissen' of Donahue and DeMeester[52], resulted from the
retrospective evaluation of a former series in which we
used to calibrate the fundoplication to pressure values
similar to those of a normal sphincter (‘normocalibrated
Nissen’: 10-20 mmHg). This experience was followed by
a high rate of gastroesophageal reflux recurrence (28.5%)
in the first 12 mo after surgery[51], demonstrating that high
pressure zone (HPZ) values of the Nissen-Rossetti wrap
decrease after surgery with time (Figure 1). It is effective to
www.wjgnet.com
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protect from GERD while avoiding a persistent dysphagia
because a routine intraoperative manometric control of
the wrap is always performed at the end of the procedure.
Our preference for total calibrated wrap led us to consider
it also in the treatment of patients affected with severe
motility disorders such as achalasia and epiphrenic
diverticula with excellent results[52,53].
In conclusion, laparoscopic antireflux surgery, is a
safe and effective treatment for GERD even in elderly
patients warranting low morbidity and mortality rates
and a significant improvement of symptoms comparable
to younger patients. Preoperative defective esophageal
peristalsis is not a contraindication to total laparoscopic
fundoplication.
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Abstract
AIM: To evaluate the effectiveness of mastic administration on the clinical course and plasma inflammatory mediators of patients with active Crohn’s disease (CD).
METHODS: This pilot study was conducted in patients
with established mild to moderately active CD, attending the outpatient clinics of the hospital, and in healthy
controls. Ten patients and 8 controls were recruited for a
4-wk treatment with mastic caps (6 caps/d, 0.37 g/cap).
All patients successfully completed the protocol. CD Activity Index (CDAI), Nutritional Risk Index (NRI), C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-α), monocyte chemotactic protein-1
(MCP-1), and total antioxidant potential (TAP) were
evaluated in the plasma at baseline and at the end of
the treatment period. Results were expressed as mean
values ± SE and P < 0.05 was considered to indicate
statistical significance.
RESULTS: Patients exhibited significant reduction of
CDAI (222.9 ± 18.7 vs 136.3 ± 12.3, P = 0.05) as compared to pretreament values. Plasma IL-6 was significantly decreased (21.2 ± 9.3 pg/mL vs 7.2 ± 2.8 pg/ mL,
P = 0.027), and so did CRP (40.3 ± 13.1 mg/mL vs 19.7
± 5.5, P = 0.028). TAP was significantly increased (0.15
± 0.09 vs 0.57 ± 0.15 mmol/L uric acid, P = 0.036). No
patient or control exhibited any kind of side effects.
CONCLUSION: The results suggest that mastic significantly decreased the activity index and the plasma levels
of IL-6 and CRP in patients with mildly to moderately active CD. Further double-blind, placebo-controlled studies
in a larger number of patients are required to clarify the
role of this natural product in the treatment of patients
with CD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
C r o h n’s d i sea se (C D ) i s a ch r o n i c i n f l a m mator y
disease of unknown etiology that may affect any level
of the gastrointestinal tract [1-3] . It is well established
that immunological mechanisms are involved in the
pathogenesis of the disease. Inflammatory cytokines, such
as interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-α), have a pivotal role in induction and amplification
of the inflammatory cascade. Particularly, IL-6 stimulates
T-cell and B-cell proliferation and differentiation[4], while it
mediates the hepatic expression of acute phase proteins[5].
Increased concentration of TNF- α and monocyte
chemoattractant protein-1 (MCP-1) have been reported
in patients with CD [6] . Additionally, during chronic
inflammation, when sustained production of reactive
oxygen and nitrogen species occurs, antioxidant defenses
may weaken, resulting in a situation termed oxidative
stress[7]. Thus, in patients with CD, elevated oxidized lowdensity lipoprotein levels have been reported compared to
healthy controls[6].
Despite the large number of therapeutic agents
available today, none can be considered as completely
satisfactory either due to resistant cases or because
of significant side effects. To our knowledge, there
are only scattered reports of natural compounds that
potentially reverse relapse in CD. Trebble and co-workers[8]
demonstrated an anti-inflammatory activity of fish oil and
antioxidant supplementation evaluated in mononuclear
cells of CD patients, while Lavy et al[9] demonstrated the
effectiveness of the antioxidant β-carotene in a rat model
as a prophylactic dietary measure in reducing the effects
of acid induced enteritis, thus raising the possibility that
patients with CD may benefit from the consumption
of natural β-carotene. Also the flavonoid rutin, a wellestablished antioxidant compound, has been suggested as a
therapeutic agent in CD. Rutin has been shown to attenuate
pro-inflammatory cytokine production in both colonic
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mucosa and peritoneal macrophages of experimental
animals[10]. Treatment with food phytochemicals has been
shown to be safe, sustainable and practical and changes
of dietary habits have been advocated in the therapy of
CD[11].
Pistacia lentiscus var. Chia (Anacardiaceae), well known
as Chios mastic gum, is an evergreen shr ub widely
distributed in the Mediterranean region. Many ancient
Greek authors, including Dioscurides and Theophrastus,
mentioned Chios mastic for its healing properties in
intestines, stomach and liver. Mastic has also been
reported to possess antioxidant [12] and antibacterial [13]
activity. With reference to gastrointestinal disorders, the
effectiveness of the resin against peptic ulcers is evident[14]
in most studies, while only in two reports there is no
effect on H pylori eradication in vivo[15,16]. Furthermore,
regarding gastric mucosa, the plant has been shown to be
hepatoprotective in tetrachloride-intoxicated rats[17] and to
suppress the extent of iron-induced lipid peroxidation in
rat liver homogenates[18], without any toxic effect. A major
constituent of mastic, namely oleanolic acid, is among the
best-known triterpenes with biological properties against
chemically induced liver injury in laboratory animals,
exerting anti-inﬂammatory and antitumor-promotion
effects[19]. This background information led us to examine
the effects of supplementation with mastic in patients with
active CD. This study is the first ever reported to evaluate
mastic for possible clinical effectiveness in patients with
CD.

MATERIALS AND METHODS
Study population
Ten consecutive patients with established CD and eight
healthy controls were recruited to participate in the trial.
All patients were attending the outpatient clinic of the
Department of Gastroenterology, Saint Panteleimon
General State Hospital in Nicea, Athens. Clinical evidence
of mild to moderate Crohn’s disease exacerbation was
defined by a score of CD Activity Index (CDAI) higher
than 150. Patients with clinical evidence of recurrence
and CDAI higher than 400 were excluded from the study.
Patients receiving mesalazine or antibiotics during the
time of relapse were asked to continue treatment. None
was receiving elemental diet or parenteral nutrition or
antioxidant/mineral supplements and none was under
treatment with immunosuppressives, immunomodulators
and/or corticosteroids. Eight healthy volunteers with
normal serum concentrations of C-reactive protein (CRP)
(< 5 mg/L) and albumin (> 40 g/L) served as controls.
Assessed by Medical History questionnaires, controls
included in the study were healthy persons without chronic
inflammatory disorder. Exclusion criteria for control
recruitment were a body mass index (BMI) higher than
30 and anti-inflammatory drug treatment or antioxidant
vitamin/mineral supplementation prior to trial. All
volunteers gave a written consent after having received
thourough information about the aims and procedure of
the study. The Ethical Committees of both Harokopio
University and Saint Panteleimon General State Hospital
approved the protocol. Table 1 shows some demographic
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Table 1 Demographic characteristics and medications of
patients with CD and controls
Characteristic

Patients

Controls

Mean

36.9

31.5

Range

18-73

25-45

Age (yr)

Sex
Female

5

4

Male

5

4

6.4 (± 3.9)

-

Duration of disease (yr)
Concomitant medication

-

None

3

Mesalazine

3

Metronidazole

2

Azathioprine

2

Location of Crohn’s disease

-

-

Small bowel

4

-

Small and large bowel

6

-

3

-

Fistulizing disease

characteristics of patients and controls.
Preparation of mastic caps
A UV source device (Jost/Ba-ro, Type FDLT 250/-80 ×
2500) was used for sterilization of the Chios Mastic resin.
Then, the sterilized mastic granules were milled to fine
powder (particle size < 400 μm) by using a Hosokawa Alpine Mill (Fine Impact Mill 100 UP2). The encapsulation
of powder was performed using the Profill Capsule filling
System (Torpac Inc.). Capsule cells (capsugel, V caps, size
0) were made of Hpromellose (hydroxypropyl methylcellulose) and each contained 0.37 (± 0.02) g of mastic powder.
Intervention trial protocol
Dissolution time was measured according to standard
methods[20] and was found to last approximately 7 min.
Patients and healthy controls were subjected to a 4-wk
supplementation with mastic caps (6 caps/d, 2.2 g in total)
over a period from June 2005 to January 2006. Dietary
assessment was accomplished applying Food Frequency
Questionnaire (FFQ) and 24 h recalls. Dietary instructions were given to both healthy controls and patients as to
maintain consumption of food rich in anti-inflammatory
and antioxidant ingredients as poor as initially assessed by
FFQ and 24 h recall interviews. Assessment of compliance during the trial was tested applying 24 h recalls twice
a week. Mastic, either in the form of gum or as a sweet or
bread ingredient, and fish oil, either crude or in the form
of supplement, was not allowed in either group. The daily
energy intake was evaluated by means of 24 h recalls.
Blood samples were obtained for plasma isolation and
subjected to CRP and albumin measurements prior and after the trial. At the same time points, plasma cytokine and
antioxidant potential measurements were performed. Body
weight was measured using electronic scales initially and at
the end of the trial.
Disease activity index evaluation
The Crohn’s Disease activity was evaluated by means
www.wjgnet.com
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of the CDAI [21]. The CDAI incorporates eight related
variables: the number of liquid or very soft stools per
day, the severity of abdominal pain or cramping, general
well being, the presence or absence of extraintestinal
manifestations of CD, the presence or absence of an
abdominal mass, the use of antidiarrheal drugs, hematocrit,
and body weight. Scores range from 0 to 600 with higher
scores indicating more severe disease activity. A score
of 151 to 200 corresponds with mild disease activity;
moderate disease has a score of 201 to 400, and scores of
401 or greater represent severe disease activity.
Biochemical measurements
CRP concentrations were analyzed immunoturbidimetrically
on a Beckman Synchron CX5 fully automated chemistry
analyzer. Albumin was measured by means of the
bromocresol green method on the same analyzer.
Cytokine assays
Plasma cytokines from patients with CD and controls were
assessed by quantitative enzyme-linked immunosorbent
assays (ELISA) (R & D Systems Abingdon, UK) according
to the manufacturer’s instructions. Sensitivity limits of
TNF-α, IL-6, and MCP-1 ELISAs are, respectively, 1.6
pg/mL, 0.70 pg/mL and 5.0 pg/mL. Plasma cytokines
from patients with CD and controls were assessed in
duplicate.
Plasma total antioxidant potential assay
Total antioxidant potential (TAP) in plasma was assessed
by a colorimetric, quantitative assay for TAP in aqueous
samples (OxisResearch Portland, USA) according to
the manufacturer’s instructions. The results of the assay
were expressed as mmol/L of uric acid equivalents. The
sensitivity of the assay is 30 μmol/L uric acid equivalents.
Statistical analysis
Results were expressed as mean ± SE. The Mann-Whitney
Test was used for comparing differences between patients
and controls prior the intervention. Differences reported
primarily and at the end of the study within individual
groups, were tested for significance by the Wilcoxon signed
ranks test. Calculated P < 0.05 was considered to indicate
statistical significance.

RESULTS
Alterations of CDAI and induction of remission
The CDAI score was assessed at baseline and after
the 4 wk treatment with mastic. All patients receiving
mastic showed a reduction of the CDAI as compared to
pretreatment values. The reduction of the mean CDAI
value was statistically significant (from 222.9 ± 18.7 to
136.3 ± 12.3, P = 0.05) (Figure 1). The two main elements
of CDAI showing the most striking improvement were the
number of liquid stools per day and the score of general
well being.
Nutritional risk index
One of the clinically useful measures of nutritional status
in CD is the Nutritional Risk Index (NRI), which is
www.wjgnet.com
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Figure 1 Crohn’s disease activity index (CDAI) was decreased in patients with
active Crohn’s disease (n = 10) after 4-wk treatment with mastic caps (aP < 0.05).
Horizontal bars represent the mean value (± SE).

calculated based on serum albumin levels and body weight
using the following equation: NRI = [1.519 × albumin
(g/L)] + [0.417 × (current weight/usual weight) × 100]. A
NRI > 100 denotes absence of nutritional risk. NRI values
between 97.5 and 99.9 correspond to a mild nutritional
risk, NRI values from 83.5 to 97.5 to moderate nutritional
risk, and NRI values lower than 83.5 to severe nutritional
risk.
The patients’ “usual weight” was the body weight at
the time of remission, as reported in medical records at
the hospital and confirmed by each single patient. NRI of
healthy controls was normal at the start of the study and
remained unchanged after the mastic supplementation (data
not shown). The mean NRI value of CD patients increased
from 87.5 ± 3.7 before treatment to 91.5 ± 3.2 at the end
of treatment (P = 0.059). This increase was evident at the
end of the second week of mastic supplementation and
remained constant thereafter until the end of the trial.
CRP
Prior to mastic treatment, CRP levels were significantly
higher in CD patients (40.3 ± 13.1 mg/mL) than
in healthy controls (2.4 ± 0.7 mg/L) (P = 0.002).
Treatment with mastic caps of healthy controls resulted
in no modifications in CRP values (2.3 ± 0.6 mg/L),
which remained at concentrations ≤ 5.0 mg/mL in
all individuals. In CD patients, mean CRP levels were
significantly decreased after treatment (from 40.3 ± 13.1
mg/mL to 19.7 ± 5.5, P = 0.028) (Figure 2).
IL-6 plasma concentration
IL-6 was below detection in healthy controls prior to
therapy, while in patients it was significantly elevated
compared to controls (P = 0.034). As with CRP, IL-6 in
controls remained unaltered, while in patients it decreased
significantly (from 21.2 ± 9.3 pg/mL to 7.2 ± 2.8 pg/mL,
P = 0.027) (Figure 3).
TNF-α plasma concentration
Patients with active CD had TNF-α plasma concentrations
10-fold higher compared to controls before therapy
(27.1 ± 9.7 pg/mL vs 2.6 ± 1.5 pg/mL, P = 0.009). After
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Figure 2 C-reactive protein (CRP) concentrations in patients with active Crohn’s
disease (n = 10) before and after 4-wk treatment with mastic caps (aP < 0.05).
Horizontal bars represent the mean value (± SE).

Plasma TAP
TAP was significantly different between the two groups
before mastic treatment (healthy controls, 0.4 ± 0.06 vs
CD patients, 0.15 ± 0.09 mmol/L uric acid, P = 0.003).
As shown in Figure 4, TAP was significantly increased
in individual groups after mastic treatment (controls, 0.4
± 0.06 vs 0.5 ± 0.05 mmol/L uric acid, P = 0.025; CD
patients, 0.15 ± 0.09 vs 0.57 ± 0.15 mmol/L uric acid, P =
0.036).
Side-effects
No patient exhibited any side effects. However, during
the third day of treatment, one female patient with CD
of the small and large bowel reported an abrupt onset of
constipation. She was advised to reduce the dose for two
days. After that, she continued treatment without further
complaints. No other untoward effect was reported.

DISCUSSION
Chios mastic has been previously shown to exert various biological properties in vitro[12], in experimental animal
models[18] and in humans[14]. In the current study, we demonstrated that mastic was effective in the regulation of
inflammation, evaluated by CRP, IL-6, TNF-α and MCP-1
in plasma, as well as in the regulation of oxidative stress,
evaluated by TAP. In more details, mastic treatment significantly decreased the CDAI, which probably occurred
through decrease of the pro-inflammatory IL-6, inducing
remission in seven out of ten patients. Another important

After treatment

Figure 3 Plasma concentrations of interleukin-6 (IL-6) were suppressed in
patients with active Crohn’s disease (n = 10) after 4-wk treatment with mastic caps
(aP < 0.05). Horizontal bars represent the mean value (± SE).

treatment, plasma TNF-α decreased in patients, although
this decrease did not reach statistical significance (27.1 ± 9.7
pg/mL to 16.4 ± 4.7 pg/mL, P = 0.114).

0.8

TAP (mmol uric acid)

MCP-1 plasma concentration
In the case of MCP-1, patients with active CD had MCP-1
plasma concentrations 2.5-fold higher compared to
controls (140.7 ± 43.9 pg/mL vs 57.5 ± 11.8 pg/mL, P =
0.368). Although not statistically significant, a decrease was
observed in MCP-1 in CD patients at the end of the trial
(76.6 ± 20.9 pg/ mL, P = 0.074).

Before treatment

a

0.6

0.4

0.2

0.0

Before treatment

After treatment

Figure 4 Plasma total antioxidant potential (TAP) was upregulated in patients with
active Crohn’s disease (n = 10) after 4-wk treatment with mastic caps (aP < 0.05),
indicating absorption of antioxidants and an improved in vivo antioxidant status.
Horizontal bars represent the mean value (± SE).

observation was that mastic resulted in improvement of
the nutritional status, as shown by NRI.
Nutritional support in patients with CD has a primary
role in inducing remission and malnutrition is very common in CD. While several factors, such as malabsorption
and increased resting energy expenditure in underweight
patients, may contribute to malnutrition[22], decreased oral
intake is the primary cause. The methods used to support patients with CD are enteral and parenteral nutrition, in terms of protein-calorie intake. NRI is one of
the most useful measures of nutritional status and points
out severely malnourished patients when less than 83.5[23].
Hereby we show that NRI in patients supplemented with
mastic was increased, however not significantly, perhaps
due to the limited number of subjects. Particularly, NRI
was increased in nine out of ten patients supplemented
with mastic, two of whom experienced no nutritional risk
(data not shown). The main element of NRI showing improvement was body weight gain. Based upon the fact that
daily energy intake was unchanged during the trial (data
not shown), increase in body weight and in NRI is due to
the fact that mastic treatment resulted in decrease of liquid
stools and therefore improvement in nutrient absorption.
www.wjgnet.com
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The observed decrease in NRI in one of the patients was
due to body weight loss, despite the fact that the number
of liquid stools decreased. The daily energy intake of this
young patient was gradually reduced and, according to her
statement long after the end of the protocol, she was on a
diet for weight loss.
The importance of IL-6 in patients with CD has been
well documented. In patients with active CD, mRNA for
IL-6 is overexpressed in the inflamed mucosa[24] and IL-6
is thought to play a crucial role in the pathogenesis of CD.
Elevated IL-6 in plasma of patients with CD has been previously described[25]. Accordingly, we report that in patients
with CD plasma concentration of IL-6 was significantly
higher versus the control group. Significant decrease in
IL-6 with mastic treatment was observed in patients following a decrease in plasma CRP (Figure 2). Because IL-6
is the main cytokine factor responsible for hepatic induction of acute phase proteins in CD, respective decrement
in CRP is reasonable. In view of the fact that (1) oleoresins
consist of triterpenes[26] with established anti-inflammatory
and antioxidant effects[19,27] and (2) mastic contains antioxidant phenolic compounds[28], it is more likely that the
plasma IL-6 decrease observed in CD patients was due to
these compounds.
TNF-α showed an unsignificant (P = 0.114) 1.6-fold
decrease in CD patients. On the other hand, the difference
in TNF-α concentrations between patients and controls at
baseline was significant. The data reported about TNF-α
in CD are somewhat contradictory. Whereas some groups
were able to demonstrate increased concentrations of
TNF-α in CD compared to healthy controls[29], others
were not[30]. Because TNF-α induces MCP-1 secretion via
the activation of nuclear factor-kappa B[31], it is likely that
the slight decrease in MCP-1 was due to the lower activation of the nuclear factor-kappa B pathway secondary to
the decrease in TNF-α.
Oxidative stress has been proven to upregulate IL-6
gene expression[32]. We show that mastic treatment resulted
in increase of plasma TAP in CD patients (Figure 4) as
well as in controls. Plasma is a heterogenous solution of diverse antioxidants and an increase in the antioxidant capacity indicates absorption of antioxidants and an improved
in vivo antioxidant status[33]. Whether the antioxidant triterpenes and phenolics contained in mastic[12] are absorbed
or act on the exposed gastrointestinal mucosa, remains
uncertain. Generally, our knowledge on the absorption and
bioavailability of polyphenols is still limited, and the few
studies in humans show that some are well absorbed and
others hardly absorbed[34]. The unabsorbed may remain in
the lumen and become available for fermentation in the
colon. A substantial proportion of the gastrointestinal
mucosa is therefore exposed to these compounds, or to
their bacterial and systemic metabolites[35]. However, phenolic compounds do not seem to be absorbed as well as
vitamins C and E, and hence their concentrations can be
much higher in the lumen of the gastrointestinal tract than
are ever achieved in plasma or other body tissues, making
the action in the gastrointestinal tract more likely. Even
less are the data on the absorption of triterpenes. Glycyrrhetinic acid, the triterpene derivative of glycyrrhizin, has
been shown to be bioactive in experimental gastric lesion
www.wjgnet.com
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models[36] and has also been detected in the serum of experimental animals[37].
In conclusion, subjecting CD patients with mild to
moderate activity to mastic treatment seems to improve
the clinical features of the disease and to regulate inflammation and antioxidant status. The use of natural products
as primary treatment in CD should attract wider support
and research, with increasing awareness of the harm of
the long-term use of corticosteroids. Whether it is time
for gastroenterologists to embrace the concept that natural
products, such as mastic, may be beneficial to CD needs
further research in larger cohorts.
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Abstract
AIM: To investigate active cytomegalovirus (CMV)
infection following the cyclosporine A (CyA) treatment of
steroid-refractory ulcerative colitis (UC).
METHODS: Twenty-three patients with severe UC not
responding to steroid therapy (male 14, and female 9)
enrolled at Nagoya University Hospital from 1999 to
2005. They received continuous intravenous infusion
of CyA (average 4 mg/kg per day) for 1 mo. Serum
and colonic biopsy samples were collected before CyA
treatment and 4 d, 10 d, 20 d, and 30 d after treatment.
Patients were evaluated for CMV by using serology (IgM
antibody by ELISA), quantitative real-time PCR for CMV
DNA, and histopathological assessment of hematoxylin
and eosin (HE)-stained colonic biopsies. CMV infection
was indicated by positive results in any test.
RESULTS: No patients had active CMV infection before
CyA treatment. Eighteen of 23 UC patients treated with
CyA were infected with active CMV (IgM antibody in
16/23 patients, 69.6%; CMV DNA in 18/23 patients,
78.2%; and inclusion bodies in 4/23 patients, 17.3%).
There was no difference in the active CMV-infection rate
between males and females. Active CMV infection was
observed after approximately 8 d of CyA treatment,
leading to an exacerbation of colitis. Fifteen of these
18 patients with active CMV infection (83.3%) required
surgical treatment because of severe deteriorating colitis.
Treatment with ganciclovir rendered surgery avoidable in
three patients.
CONCLUSION: Our results suggest that active CMV
www.wjgnet.com

infection in severe UC patients treated with CyA is
associated with poor outcome. Further, ganciclovir is
useful for treatment of CMV-associated UC after immunosuppressive therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cytomegalovirus (CMV) infection is one of the most
common infectious complications after immunosuppressive therapy. It occurs mainly as a secondary
infection in CMV-seropositive patients. CMV infection
is a common viral infection in humans, occurring in
40%-100% of adults [1]. CMV infections are generally
asymptomatic or are manifested as a mild mononucleosislike syndrome[2]. Significant CMV disease may occur in
various organs such as the retina, lung, and gastrointestinal
tract, and the target organ is related to the etiology
of immunosuppression [1]. Gastrointestinal (GI) CMV
infection is rare in immunocompetent individuals. Clinically
significant GI CMV infection generally occurs in immuneocompromised patients[3]. In the gastrointestinal tract,
CMV disease can occur in all locations, from the mouth to
the rectum, and generally involves the formation of ulcers
in the mucosa, often accompanied by hemorrhage[1].
Ulcerative colitis (UC) is common all over the world
and is generally more frequent than Crohn’s disease
(CD)[4]. UC is thought to result from the inappropriate
and progressive activation of the mucosal immune system
driven by the presence of normal luminal flora. The
aberrant response is most likely facilitated by defects in
both the barrier function of the intestinal epithelium and
the mucosal immune system[4].
Cyclosporine A (CyA) selectively inhibits immune
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responses mediated by T lymphocytes by modulating the
interaction of calcineurin-calmodulin[5]. This recognition
has led to its use in patients with severe UC, with variable
results. In an uncontrolled study, approximately 60%-80%
of patients suffering from severe corticosteroid-refractory
ulcerative colitis responded to cyclosporine therapy[6,7].
Since an intravenous infusion of CyA has clinical benefits
in patients with steroid-resistant UC, it has been generally
accepted that CyA selectively blocks the activation of
helper and cytotoxic T cells and acts by inhibiting the
nuclear factor of activated T cells and cytokine gene
expression[8].
In Japan, patients with severe, corticosteroid-refractory
or corticosteroid-dependent UC are frequently treated
with strong immunosuppressive agents, including CyA.
Therefore, patients with inflammatory bowel disease (IBD)
are expected to be at an increased risk of infection with
CMV. Despite the frequent use of immunosuppressive
drugs in patients with UC, data on the frequency of CMV
infection and its clinical significance in patients with UC
are limited. The aim of this study was to describe our
experience with active CMV infection following treatment
with CyA for UC.

MATERIALS AND METHODS
Patients
Twenty-three patients with severe UC enrolled at Nagoya
University Hospital from 1999 to 2005. They did not
respond to a minimum of 7 d of intravenous systemic
steroid therapy (prednisolone, more than 30 mg/d).
The diagnosis of UC was based on clinical, endoscopic,
radiological, and histological parameters. The study was
approved by the Ethical Committee of the Graduate
School of Medicine, Nagoya University, and all samples
were obtained with informed consent in accordance with
the Helsinki Declaration.
CyA treatment
Twenty-three patients received a continuous intravenous
infusion of CyA in the form of Sandimmun solution
(Novartis Pharma KK, Tokyo, Japan) at an average daily
dose of 4 mg/kg for 1 mo. The CyA dose was adjusted to
maintain a whole-blood CyA concentration of less than
500 pg/L. Complete blood cell counts, C-reactive protein
(CRP), liver function tests (aspartate aminotransferase and
alanine aminotransferase), renal function tests (creatinine
and blood urea nitrogen), and clinical evaluation were
performed before CyA treatment and then 4 d, 10 d, 20 d,
and 30 d after treatment.
Collection of specimens and blood serum samples
Ser um samples and colonic biopsy specimens were
obtained from all patients before CyA treatment and
then 4 d, 10 d, 20 d, and 30 d after treatment. Multiple
biopsy samples were obtained from the inflamed area
during colonoscopy for histopathological examination of
inflammatory activity and CMV inclusion bodies; these
samples were fixed in buffered neutral formalin. EDTAtreated venous blood (5 mL) was obtained from each
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patient under aseptic conditions for serological studies.
The plasma was separated by centrifugation.
Histopathology
The colonic biopsy samples were paraffinized, sectioned,
and stained with hematoxylin and eosin (HE). These
sections were microscopically evaluated for the presence
of characteristic cytomegalic cells and “owl’s eye” nuclear
inclusion bodies. Histologically, the activity of IBD
was classified according to a standard system described
previously [9].
Sample preparation
For the PCR assays, DNA was extracted from 200 μL of
plasma by using the QIAamp Blood Kit (QIAGEN Ltd,
Tokyo, Japan), eluted in 100 μL of distilled water, and
stored at -30℃ until analysis.
Serological tests
The presence of anti-CMV IgM antibodies in all sera
were tested by using the CMV IgM ELISA kit (Genesis
Diagnosis Ltd., UK), a commercially available kit, by using
the positive and negative controls provided with the kit.
Virus-specific IgM antibodies were measured in the plasma
regardless of the PCR results.
Real-time semi-quantitative PCR assay
The PCR primers used were from the immediate early
(IE) gene[10]. The upstream primer was 5′-GACTAGTGT
GTGATGATGCTGGCCAAG-3′, and the downstream
primer was 5′-GCTACAATAGCCTCTTCCTCATC
TG-3′. A fluorogenic probe (5′-carboxyfluoresceinAGCCTGAGGTTATCAGTGTAATGAAGCGCC-3′)
was located between the PCR primers[11]. PCR was carried
out by using a TaqMan PCR kit (PE Applied Biosystems,
Foster City, CA), as described previously[11]. Briefly, 10 μL
of the DNA extraction solution from the samples was
added to a PCR mixture containing 10 mmol/L of Tris
(pH 8.3); 50 mmol/L of KCl; 10 mmol/L of EDTA; 5
mmol/L of MgCl2; 100 mmol/L of dATP, dCTP, dGTP,
and dTTP; 0.2 mmol/L of each primer; 0.1 mmol/L of
fluorogenic probe; and 1.25 U of AmpliTaq Gold (PE
Applied Biosystems). After activation of the AmpliTaq
Gold for 10 min at 95℃, 50 cycles each of 15 s at 95℃
and 1 min at 62℃ were carried out in a Model 7700
Sequence Detector (PE Applied Biosystems). Real-time
fluorescent measurements were taken and a threshold cycle
(CT) value for each sample was calculated by determining
the point at which the fluorescence exceeded a threshold
limit (10 × SD of the base line). For a positive control, a
plasmid that contained the IE gene was constructed using
the pGEM-T vector (Promega, Madison, WI) and was
termed pGEM-IE. A standard graph was constructed
using the C T values obtained from the serially diluted
pGME-IE. The CT values from the clinical samples were
plotted on the standard curve, and the copy number was
calculated automatically by using Sequence Detector v1.6
(PE Applied Biosystems), a software package for data
analysis. Samples were defined as negative when the CT
value exceeded 50 cycles[12]. The DNA copy numbers in
www.wjgnet.com
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Table 1 Clinical and epidemiological characteristics of patients
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Table 2 Utility of various tests for detection of infection with
CMV in CyA treated patient with UC
Parameter

Real-time PCR
(%)

Number
Sensitivity
Specificity
PPV
NPV

18
100
100
100
100

Serum IgM
antibodies (%)
16
88.88
100
100
71.4

Inclusion bodies in HE
stained biopsy (%)
4
22.22
100
100
26.3

the plasma were expressed per milliliters. The minimum
detection level was 100 copies/mL of plasma.
Criteria for diagnosis of CMV infection
Positive results in any tests (IgM antibody, CMV DNA, or
inclusion bodies in HE stained sections) were considered
as evidence of CMV infection.
Statistical analysis
The results were expressed as mean ± SD. The P values
below 0.05 were considered significant. The accuracy of
each test was calculated considering a positive result in any
test for CMV as evidence of infection.

RESULTS
Twenty-three patients were treated with intravenous
CyA and they evidenced no severe side effects of the
drug, such as renal failure or liver failure. The patient
characteristics are listed in Table 1. All patients had
received corticosteroids before the initiation of treatment
with CyA. The degree of the severity of UC in all patients
was pan colitis. Prior to treatment with CyA, active CMV
infection was not observed in any of the patients. Eighteen
of the 23 UC patients treated with CyA were infected with
CMV (IgM antibodies in 16/23 patients, 69.6%; CMV
DNA in 18/23 patients, 78.2%; and inclusion bodies in
4/23 patients, 17.3%). The rate of CMV detection by realtime PCR was significantly higher than other methods (P
< 0.05). There was no difference in the CMV infection
rate between males and females (males, 11/14; 78.57% and
females, 7/9; 77.7%) (Table 2). With the exception of four
of the tissue sections, all the sections from our UC patients
who were treated with CyA were negative for CMV as
demonstrated by histochemistry. After CyA treatment,
none of the CMV-positive patients had pneumonia,
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Figure 1 Comparison of initial CMV detection by day among the three methods
(Real-time PCR, CMV IgM, and HE stain).

hepatitis, retinitis, nephritis, or pancreatitis. Their only
clinical symptoms were those of gastrointestinal disorder
caused by colitis.
The median time of onset of the CMV infection after
CyA treatment was 8.5 d (range: 4-20 d).
Real-time PCR detection is the most rapid of the three
methods used (CMV IgM, HE biopsy, and real-time PCR
results) (Figure 1). In particular, the HE biopsy method is
slower and less sensitive than the other methods.
All patients showed an improvement in their symptoms
after the initiation of the CyA treatment. Four CMVnegative patients treated with CyA showed a drastic
improvement in their symptoms, and one CMV-negative
patient who received CyA showed slight improvement.
The degree of hematochezia progressively decreased after
CyA treatment. CMV-negative patients continued to show
an improvement in their symptoms during CyA treatment;
further, even though CyA treatment was terminated,
no deterioration in the degree of bowel symptoms was
observed. On the other hand, all CMV-infected patients
demonstrated an aggravation of the symptoms of colitis,
i.e., an increase in the body temperature and the degree of
hematochezia, after CMV infection (P < 0.05) (Figure 2).
Further, the inflammatory values, i.e., the white blood cell
(WBC) count and the CRP values worsened after CMV
infection (P < 0.05) (Figure 3). However, an assessment of
liver and renal functions after infection did not reveal any
deterioration (Figure 4). After 10 d of CyA administration,
CMV DNA was detected in 16 of the 18 UC patients,
however, the clinical symptoms were improving. On the
other hand, after 20 d, the clinical symptoms worsened
in the CMV infected patients and CMV IgM and the
histopathology results were positive. The values of the
CMV IgM titer and the number of CMV DNA copies
both increased after infection (Figure 5). The increased
CMV load was followed by an increase in the severity of
colitis.
Fifteen of these 18 patients with CMV infection (83.3%)
required surgical treatment because of uncontrolled, severe
deteriorating colitis. Perforation of the colon was observed
in one of the patients after CMV infection; he underwent
an emergency total colectomy. Nevertheless, in our study,
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Figure 3 Change in inflammation markers between CMV-positive and CMVnegative UC patients during intravenous CyA treatment. Panel A showed the
change in WBC count. Panel B showed the change in CRP value. The mean
values of each group were plotted. Symbols:◆, CMV positive; ■, CMV negative.
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Figure 4 Change in liver function and renal function between CMV-positive and
CMV-negative UC patients during intravenous CyA treatment. Panel A showed the
change in liver function. The mean values of each group were plotted. Symbols:
◆, aspartate aminotransferase in CMV positive; ■, aspartate aminotransferase
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Figure 5 Change in mean CMV IgM value and CMV viral DNA load after CMV
infection. Panel A showed the change in mean CMV IgM value after infection.
Panel B showed the change in mean CMV viral load after infection.

there were no deaths among the UC patients after CMV
infection.
Only three patients (males 2, and female 1) showed an
improvement in the severity of colitis and did not require
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a colorectomy since they were treated with ganciclovir
following the identification of the CMV infection. The
CMV IgM values did not decrease after ganciclovir
treatment. However, in these three patients, the CMV
DNA copy number decreased and did not show any
further increase. Further, CMV infection was detected
in one of the patients by an HE histopathological study.
After ganciclovir administration, the owl’s eye sign in the
colon tissue was not observed. Thus, the three patients
who were treated with ganciclovir were not reinfected with
CMV although CyA treatment was continued.

DISCUSSION
We clarified a possible relationship between CMV
infection and UC treated with CyA. We showed a
significant deterioration in the clinical symptoms and
the inflammatory response after active CMV infection.
However, no impairment in hepatic or renal function
was observed since we could not detect either CMV
hepatitis or acute renal failure. Our results suggest that
CMV infection in patients with severe UC treated with
CyA is associated with a poor outcome because of severe
deterioration in UC.
In general, a primar y CMV infection, which is
usually acquired early in life, is overcome by the humoral
and cellular immunological response. Thereafter, the
virus remains latent, particularly in endothelial cells
and monocytes. Reactivation occurs during the use of
immunosuppressive drugs. The viral load is the highest
during active infection and the lowest during the latency
stage in immunocompetent persons. We observed that
CyA treatment may cause the reactivation of CMV and
a subsequent deterioration in colitis. During a CMV
infection, an increase in intestinal permeability has been
shown to occur in kidney transplant recipients[14]. This
defect in the barrier function may facilitate the exposure
of the mucosal immune system to antigens from the
luminal flora. CMV may also spread from the mucosa to
the bloodstream because of such a defect in the barrier
function, leading to CMV viremia in the bloodstream.
Steroid-resistant UC is defined as persistent active
disease despite high-dose systemic corticosteroid therapy.
A history of steroid resistance increases the possibility of
complications such as CMV infection. CMV infections
were detected in 4.6% to 13% of the patients diagnosed
with UC [15,16]. Up to 33% of the patients with severe
steroid-refractory UC were found to harbor the CMV
virus. CMV was detected in 25% of the patients with
steroid-refractory UC as compared to only 2.5% of
patients with medically non-refractory UC. All the cases
of UC with CMV infection in other investigations were
clinically severe and steroid-resistant, and approximately
70% of the cases suffered from an acute exacerbation of
symptoms and required immediate emergency surgeries.
These results may suggest that CMV is not a coincidental
occurrence but an exacerbating factor [17].
Although it is important to prevent the development
of CMV disease[18], the availability of rapid, sensitive, and
reliable methods for the early diagnosis of CMV infection
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is desirable [15]. As mentioned above, CMV disease can
take many forms, depending upon the type of patient
group under consideration. A consensus is available from
the international CMV workshop for the definition of
CMV disease[19]. The guidelines are purposefully rigorous
and have aided the interpretation of clinical trial data
and population based studies. However, they are likely
to lead to an under appreciation of the contribution of
CMV to patient morbidity. This is particularly true in
the case of the histopathological diagnoses of CMV.
Gastrointestinal symptoms along with histopathologically
detected CMV are widely acceptable diagnostic criteria
for CMV infections. In particular, the histopathological
study of colon tissue is considered acceptable for CMV
detection. Many CMV inclusion bodies were found in
the surgical specimens of the UC cases in which CMV
infection was detected, whereas CMV infection had not
been detected by biopsy prior to surgery. CMV infection
was observed in only 1 of the 55 cases investigated by
endoscopic biopsy; however, it was detected in 8 of the
39 surgical cases[17]. Thus, it was rather difficult to detect
CMV infection by biopsy, possibly because of sampling
limitations. The characteristic inclusion bodies are not
readily visible in routinely performed HE staining and
CMV-infected cells are not always cytomegalic; therefore,
the histopathological examination of the colonic biopsies
had the lowest sensitivity. It has been suggested that CMV
inclusion bodies are found more frequently in the right
colon than in the left [16]; hence, multiple biopsies were
taken from the colon, particularly from the inflamed and
ulcerated areas, considering the fact that CMV exhibits
tropism for the inflamed sites[20]. Therefore, it is likely
that the false-negative results in the present study were
related to sampling errors. Although our study did not
confirm this, an immunohistochemical study of biopsy
specimens may be more useful in diagnosis; however,
immunohistochemistry is not a convenient tool for routine
diagnosis.
The investigation of plasma CMV DNA is a simple,
noninvasive, and nontraumatic method for evaluating and
monitoring the CMV infection in patients. Procedures
such as endoscopy and biopsies are traumatic and
uncomfortable for a UC patient. The CMV-associated
disease is generally the result of the reactivation of latent
viruses rather than reinfection with the virus, and the
measurement of CMV antibodies is often of no diagnostic
use.
The real-time PCR assay was found to be as useful
as the pp65 antigenemia assay because they were highly
correlated [12]. Unlike the conventional qualitative PCR
assay, which is not beneficial for deter mining the
termination of antiviral therapy [21], this assay showed
that the copy numbers of CMV DNA decreased and
disappeared in response to anti-CMV therapy. Additionally,
with this PCR method there is almost no room for
bias due to subjective assessments by technicians. One
investigator reported that real-time PCR is more sensitive
(92%) than the pp65 test (88%) with regard to positive
findings. Further, the correlations between real-time
PCR and the pp65 antigenemia assay were statistically

Minami M et al. Cytomegalovirus in ulcerative colitis

significant[22]. The advantage of quantitative techniques is
that by defining a “threshold value” of CMV load, they
may allow a distinction between the commonly occurring,
clinically irrelevant CMV infection and the levels of active
CMV replication that are likely to lead to clinical disease[23].
However, there is still disagreement with regard to the
optimal type of sample material, for example, leukocyte
fractions versus plasma versus whole blood, and to the
desirable sensitivity, which depends on the initial sample
volume.
We used a quantitative CMV PCR assay that was able
to quantify CMV DNA in plasma over the 100 copies/mL.
The assay is fully controlled for maximal efficiency in at
all steps. This is achieved by employing the widely used
principle of an “internal control” and taking it one step
further as a control for extraction efficacy.
Although the quantitative results obtained with
different assays are difficult to compare because of the
absence of an international standard, the results obtained
with quantitative PCR correlate well with those of a
number of other assays, and its sensitivity is generally
higher[24]. The high sensitivity of the quantitative PCR assay
is partly due to the use of a relatively large sample volume
and the concentration of the DNA contained therein.
Using plasma appears to avoid the loss of sensitivity
as reported previously as compared to using whole
blood or leukocytes[25]. Using plasma may also avoid the
possibility of amplifying “latent” CMV from leukocytes.
The exclusion of CMV DNA of intracellular origin may
increase the clinical relevance of latent CMV detection;
this in turn may decrease the predictive value of the test
for active CMV infection[26]. Plasma is also easier to handle
than cellular fractions such as leukocyte preparations and
is better standardized, particularly in leukopenic patients.
In HIV-positive individuals, the CMV load in whole blood
and plasma has also been shown to be an important
indicator of pathogenesis[27]. The presence of CMV DNA
in the blood of HIV-positive patients identifies a group of
patients who are almost 20 times more likely to progress
to CMV disease than those who remain negative for CMV
DNA in their blood[28]. In addition, an increasing CMV
load in the blood was associated with an increased risk
of disease progression[28]. CMV load was correlated with
tissue samples obtained at the postmortem examinations
of the HIV patients with histological evidence of CMV
inclusions, and it was found that a viral load of > 5 000 000
genomes/ μ g DNA is required before CMV inclusions
are observed[29]. It should be noted that some of these
manifestations do not satisfy the criteria outlined for the
diagnosis of CMV disease. Thus, it appears likely that
cases of CMV colitis may also be dismissed because they
do not meet the definition of CMV infection, despite the
presence of clinical symptoms and CMV DNA in the
blood. It is important to appreciate that with the advent
of more sensitive molecular-based assays, a reappraisal of
many of these definitions may be required.
In conclusion, a CMV infection in patients with
steroid-resistant UC should be ruled out prior to initiating
aggressive immunosuppressive therapy such as CyA for
steroid-resistant UC. Further, ganciclovir as an anti-viral
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agent is useful for the treatment of CMV-associated UC
after immunosuppressive therapy.
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comments
Comments
Background

Cytomegalovirus (CMV) infection is one of the most common infectious
complications after immunosuppressive therapy. Ulcerative colitis (UC) is thought
to result from the inappropriate and progressive activation of the mucosal immune
system driven by the presence of normal luminal flora. Cyclosporine A (CyA)
selectively inhibits immune responses mediated by T lymphocytes by modulating
the interaction of calcineurin-calmodulin. This recognition has led to its use in
patients with severe UC. In Japan, patients with severe UC are frequently treated
with CyA and are expected to be at an increased risk of infection with CMV.
Despite the frequent use of immunosuppressive drugs in patients with UC, data on
the frequency of CMV infection and its clinical significance in patients with UC are
limited.

Research frontiers

The aim of this study was to describe our experience with active CMV infection
following treatment with CyA for UC in Japan.

Innovations and breakthroughs

Twenty-three patients with severe UC not responding to steroid therapy at Nagoya
University Hospital received continuous intravenous infusion of CyA (average 4
mg/kg per day) for 1 mo. Serum and colonic biopsy samples were collected from
all patients before CyA treatment and 4 d, 10 d, 20 d, and 30 d after treatment and
were evaluated for CMV by using serology (IgM antibody by ELISA), quantitative
real-time PCR for CMV DNA, and histopathological assessment of hematoxylin
and eosin -stained colonic biopsies.

Applications

No patients had active CMV infection before CyA treatment. Eighteen of 23 UC
patients treated with CyA were infected with active CMV (IgM antibody in 16/23
patients, 69.6%; CMV DNA in 18/23 patients, 78.2%; and inclusion bodies in 4/23
patients, 17.3%). Fifteen of these 18 patients with active CMV infection (83.3%)
required surgical treatment because of severe deteriorating colitis. Treatment with
ganciclovir rendered surgery avoidable in three patients. Active CMV infection in
severe UC patients treated with CyA is associated with poor outcome. Further,
ganciclovir is useful for treatment of CMV-associated UC after immunosuppressive
therapy.

Terminology

CMV infection is one of the most common infectious complications in immunecompromised patients. UC is chronic inflammation colitis thought to result from the
inappropriate and progressive activation of the mucosal immune system driven by
the presence of normal luminal flora. CyA is a drug to inhibit immune responses
selectively mediated by T lymphocytes by modulating the interaction of calcineurincalmodulin.

Peer review

Severe ulcerative colitis is a potentially life-threatening condition. Traditional
treatment for such patients is high-dose intravenous corticosteroids but up to 40%
of patients become refractory to this treatment. In these patients CyA therapy
has been shown to have an initial positive clinical response in many patients.
However, i.v. cyclosporine is recommended only as short term “bridging” therapy
to induce remission followed by azathioprine or 6-mercaptopurine maintenance
therapy. In the present study Minami and coworkers investigated the frequency of
the development of a CMV infection during a continuous intravenous cyclosporine
treatment in ulcerative colitis and the clinical outcome in CMV infected vs. non
infected patients. The study is of interest.
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Abstract

INTRODUCTION

AIM: To assess the outcome of patients, who underwent transarterial chemoembolization (TACE) for
hepatocellular carcinoma (HCC) and subsequently liver
transplantation (OLT) irrespective of tumor size when no
tumor progression was observed.
METHODS: Records, imaging studies and pathology of
84 patients with HCC were reviewed. Ten patients were
not treated at all, 67 patients had TACE and 35 of them
were listed for OLT. Tumor progression was monitored
by ultrasound and AFP level every 6 wk. Fifteen
patients showed signs of tumor progression without
transplantation. The remaining 20 patients underwent
OLT. Further records of 7 patients with HCC seen in
histological examination after OLT were included.
RESULTS: The patients after TACE without tumor
progression underwent transplantation and had a median
survival of 92.3 mo. Patients, who did not qualify for
liver transplantation or had signs of tumor progression
had a median survival of 8.4 mo. The patients without
treatment had a median survival of 3.8 mo. Independent
of International Union Against Cancer (UICC) stages, the
patients without tumor progression and subsequent OLT
had longer median survival. No significant difference was
seen in the OLT treated patients if they did not fulfill the
Milan criteria.
CONCLUSION: Selection of patients for OLT based
on tumor progression results in good survival. The
evaluation of HCC patients should not only be based
on tumor size and number of foci but also on tumor
progression and growth behavior under therapy.
© 2007 The WJG Press. All rights reserved.
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Hepatocellular carcinoma (HCC) is the third leading cause
of cancer related mortality and the fifth most common
cancer[1] worldwide. Nearly 500 000 cases are diagnosed
each year in the United States and the incidence increased
from 1.4 cases per 100 000 between 1976 and 1980 to 2.4
cases per 100 000 from 1990 to 1995. Furthermore, the
associated mortality rate and hospitalization showed an
increase of 41% and 46%, which demands a significant
challenge in the management of HCC patients[2].
The stage of disease divides HCC therapy into
curative versus palliative approaches. Curative treatments
are reserved for patients without portal vein invasion or
distant metastases and include percutaneous ablation,
surgical resection and liver transplantation[3-5]. Palliative
attempts include liver-directed therapies, rarely systemic
chemotherapy, and are offered when local extra-hepatic
spread or distant metastases are present. Palliative therapy
via transarterial chemoembolization (TACE) may be
offered for unresectable HCC. TACE involves the injection
of chemotherapeutic agents into the hepatic artery [6,7].
Multiple large randomized and controlled trials have failed
to demonstrate a beneficial effect in survival of patients
treated with TACE, but meta-analysis of these trials show
a slight beneficial effect in survival in comparison with
conservative treatment[8].
For localized HCC in curative situations, which is
defined by the absence of macro-vascular invasion and
metastatic disease with well-preserved hepatic function,
the initial treatment of choice is hepatic resection. In case
of cirrhosis, optimal candidates for surgical resection
show a single lesion less than 5 cm in size, with no
complications of end-stage liver disease and no significant
portal hypertension (portal pressure gradient less than 10
mmHg). Nevertheless, after 5 years there are significant
www.wjgnet.com
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recurrence rates (70%) in HCC patients after surgical
resection, and the 5-year survival rate is 30%. Taken
together only about 5% of patients are ideal candidates for
hepatic resection[9-11]. Therefore liver transplantation (OLT)
is the only curative approach that addresses the HCC
lesion as well as the underlying liver cirrhosis[12-15].
Initial reports of liver transplantation in patients with
HCC showed poor outcomes with a recurrence rate up
to 50% and a 5-year survival of less than 40%. In these
reports many patients underwent OLT in the setting of
advanced HCC. As a consequence the Milan criteria have
been put forward to provide guidelines that help select
HCC patients for curative OLT. The goal of this effort was
to achieve comparable survival rates in liver transplanted
patients with HCC and patients without concomitant
neoplasias[12].
Patients fulfilling the criteria (single nodule < 5 cm
or up to three nodules each < 3 cm) have a favorable
prognosis with 3-year survival rates of 75% up to 85%
and a recurrence rate of less than 15%. However, a
retrospective cohort analysis showed comparable survival
rates in patients who had solitary nodules less than 6.5
cm or 3 nodules with a combined diameter of less than
8 cm[13], demonstrating that OLT is a potentially curative
approach for patients with HCC extending the Milan
criteria.
However, the general scarcity of donor livers hampers
timely liver transplantation. In the interim specific therapy
such as TACE can be initiated to stabilize the patient’s
health condition. Because the Milan criteria do not take
into account tumor progression following non-surgical
intervention strategies, patients treated with TACE cannot
be necessarily evaluated on the basis of these criteria. We
therefore selected patients for liver transplantation based
on the lack of tumor progression during the waiting time
and determined the clinical outcome in patients who were
treated with TACE and subsequently underwent liver
transplantation.

MATERIALS AND METHODS
Study design and characteristics of patients
From January 1995 to March 2002, 77 patients with HCC
were seen at the Department of Surgery, University of
Goettingen. The diagnosis of HCC was confirmed in
all patients either by biopsy of the tumor or by a serum
alpha-fetoprotein (AFP) measurement. In addition, in 7
patients who underwent OLT, HCC was diagnosed in the
histological examination of the explanted organ.
Patient demographics showed a male: female ratio of
70:14 and a mean age of 59 ± 11.4 years (range 31-84).
The main underlying disease of HCC was liver cirrhosis (n
= 63, 75%), which could be assigned to the diagnoses of
alcohol (n = 23), hepatits C (n = 22) and hepatitis B (n =
18) (Table 1).
Age, gender, Child-Pugh score and tumor stage of all
patients are shown in Tables 2 and 3. At the time of HCC
diagnosis, 10 (12%) patients had no evidence of impaired
liver function, 28 (33%) patients presented with class A,
29 (35%) with class B, and 17 (20%) with class C impaired
liver function according to the Child-Pugh classification.
www.wjgnet.com
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Table 1 Diagnostic chart of patients with HCC
n

Diagnoses
No liver disease

age (yr, mean ± SD)

10

Fibrosis

61 ± 12.2

3

66.7 ± 0.6

Alcohol induced cirrhosis

23

60 ± 8.3

Hepatitis (C) cirrhosis

22

55.9 ± 9.9

Hepatitis (B) cirrhosis

18

55 ± 14.1

8

56 ± 16.9

84

59 ± 11.4

Others1
Total
1

Haemochromatosis 2, Caroli-syndrome 1, primary biliary cirrhosis
1, primary sclerosing cholangitis 1, hepatitis C 1, acute liver faliure 1,
cryptogene cirrhosis 1. The majority of patients had liver cirrhosis secondary
to viral hepatitis and alcohol-related liver disease.

Table 2 Cirrhosis scoring of study patients according to ChildPugh Score
Child-Pugh Score

n

Age

Gender

(yr, mean ± SD)

Male

Female

A

28

56 ± 13.2

26

2

B

29

57 ± 9.7

25

4

C

17

56 ± 9.1

15

2

Total

74

56.3 ± 11.3

66

8

HCC was classified at hospital admission.

Table 3 Staging of the patients according to UICC
UICC stage

n

Ⅰ

5

1

4

Ⅱ

13

1

12

Ⅲ

11

3

8

Ⅳ

55

5

50

58 ± 11.6

Total

84

10

74

59 ± 11.4

No cirrhosis

Cirrhosis

Age (yr, mean ± SD)
52 ± 11.7
60 ± 13.5
60.8 ± 8.0

Table 4 Treatment modalities of patients with HCC
Treatment

n

No treatment
TACE, not listed for OLT
TACE, died waiting for OLT
TACE and liver transplantation

10
32
15
20

3
6

7
41

0

20

7

1

6

84

10

74

Liver transplantation
Total

No cirrhosis

Cirrhosis

The tumor staging according to the UICC criteria of
patients used in this study is shown in Table 3.
Ten (12%) out of 84 patients were not treated because
they died before the treatment was started (n = 4), they
refused treatment (n = 1) or TACE could not be done due
to their cardio-pulmonary risk (n = 5). The remaining 74
patients were treated as seen in Table 4. In 7 transplanted
patients, the HCC was diagnosed after liver transplantation
and therefore they were not treated before OLT. In the
other 67 patients TACE was done and 35 of them were
listed for OLT. The reasons for not listing a patient for
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Selection criteria for OLT
Patients were selected for OLT based on the guidelines of
Transplantions Gesellschaft (DTG). In addition, patients
with extrahepatic tumor manifestation did not qualify for
OLT. Tumor size or number of tumors were not taken
into account for listing the patient. The patients received
TACE and were restaged every 6 wk during waiting time.
Evidence of tumor progression resulted in removement
of the patients from the waiting list.
Transaterial chemoembolization protocol
Patients were listed for OLT and immediately obtain
TACE. TACE was performed in cases of advanced HCC
stage or when tumors progressed during the staging
work-up every 6 wk. Patients in advanced tumor stage
(downstaging group) were listed when they responded to
the first TACE treatment cycle. Sixty-seven patients were
subjected to selective TACE before transplantation. The
chemoembolization solution contained 50 mg epirubicin,
10 mL lipiodol and 3 mL water-soluble contrast material.
Embolization was performed until blood flow to the
tumor stopped.
The following day CT scanning was performed to
determine the lipiodol uptake by the tumor tissue. Each
TACE cycle was repeated every 6 wk and ultrasound, CT
scan and AFP levels were assessed. Response to TACE
is defined as constant size of the tumor and/stable AFP
levels. Patients showing a positive response to TACE
remained on the waiting list and were monitored by a
CT scan (every 3 mo) and determination of AFP level
(monthly). Patients with tumor progression under TACE
treatment were discharged from the waiting list (nonresponder).
Post-transplantation management and follow-up
Immunosuppressive therapy following OLT consisted
of a drug regimen of Prograf in combination with
corticosteroids. Corticosteroids were gradually tapered
and discontinued within 3 mo. Prograf was continued
for one year after OLT unless side-effects were seen.
The frequency of the outpatient visits thereafter varied
according to the patient conditions and types of complications. No anti-cancer treatment was given after
transplantation. All patients were followed up weekly in
the outpatient clinic for the first month after discharged
from the hospital. Screening for tumor recurrence was

100
TACE and OLT
No therapy
TACE

75

%

liver transplantation were no additional liver cirrhosis (n
= 10), age older than 65 (n = 11) and persistent alcohol
disease (n = 11). From the initial 35 patients who were
listed for OLT, 15 showed tumor progression after
TACE and were therefore subsequently removed from
the transplantation list. These patients showed a median
time of tumor progression of 3.1 mo. The remaining 20
patients underwent OLT with a median time on waiting list
of 7.6 mo.
Chest X-ray, computed tomography (CT) and staging
by the TNM scoring system of the UICC was performed
in all the patients. Tumors that were first identified by
histopathology of the explanted liver were classified as
incidental tumors.
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Figure 1 Survival probabilities for the first 5 yr after treatment. Overall HCC
patient survival who had received TACE and OLT, only TACE and patients who
received no treatment.

assessed by determination of a-fetoprotein (AFP) and
ultrasonography every 3 mo. A routine CT scan of
the abdomen and chest was performed every year, and
additional imaging techniques (bone scan, magnetic
resonance imaging) were done if HCC recurrence was
suspected. The medical records and pathologic reports
were analyzed retrospectively.
Statistical analysis
We analyzed the statistical significance on recurrence
and survival of tumor-related risk factors, tumor size,
number of nodules, and Milan criteria. We used the
Kaplan-Meier method to measure survival and the logrank test to analyze statistical differences. Results are
expressed as mean ± SD. One-way ANOVA was used for
comparisons between the groups when one measurement
per experiment was available. Non-normally distributed
data was calculated after rank transformation. Data were
calculated by univariate ANOVA. Tukey’s-HSD test was
used for post hoc comparisons. p < 0.05 was considered
significant in difference. Survival was estimated using
Kaplan-Meier/log-rank analysis. All calculations were
performed using SPSS 10.0®, standard version.

RESULTS
Tumor progression after TACE
Chemoembolization was well tolerated in the majority of
patients. The most common complaints after TACE were
pain, transient fever, and nausea. No patient developed
major complications, which required surgical intervention.
After TACE, 20 (29.2%) showed response and 47 (70.1%)
showed tumor progression.
Tumor progression defines a group with good survival
after OLT
As expected, the patients without treatment had the worst
outcome with a median survival of 3.8 mo as seen in
Figure 1. The Patients who were treated with TACE but
did not qualify for liver transplantation due missing sighs
of liver cirrhosis (n = 10), age older than 65 (n = 11),
persistent alcohol disease (n = 11) or tumor progression
(n = 15) had a median survival of 8.4 mo (Figure 1). The
www.wjgnet.com
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Figure 3 Kaplan-Meier patient survival curves demonstrating that OLT improved
survival UICC stageⅠand Ⅱ.

patients who showed no signs of tumor progression
during waiting time had an average of 3 sessions of TACE
(range, 1 to 10) before OLT. The TACE treated and liver
transplanted patients (n = 20) had a significant better
outcome compared with TACE treated patients with a
median survival of 92.3 mo (Figure 1). The time of median
survival in the transplanted group is comparable to OLT
patients with non-malignant diseases (median survival of
101.6 mo) and confirms the selection criteria for OLT are
suitable to select HCC patients for liver transplantation.
Survival dependent on UICC stage
Survival analysis revealed that the patient overall survival
was dependent on the UICC stage. Patients with UICC
stageⅠ(n = 5) had an overall survival of 100%, stage Ⅱ (n
= 13) 64%, stage Ⅲ (n = 11) 45% and stage Ⅳ only 8% (n
= 55) (Figure 2).
Lack of tumor progression and subsequent OLT improves
survival irrespective of UICC stage
Patients, who fulfilled the selection criteria for liver
transplantation and had no signs of tumor progression,
underwent subsequently OLT. Independent of UICC
stage, the patients with TACE and OLT had a better
survival (Figures 3, 4 and 5). None of the patients with
www.wjgnet.com
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Figure 5 Kaplan-Meier patient survival curves. OLT improved survival UICC stage
Ⅳ.

UICC stageⅠon the waiting list showed signs of tumor
progression. In UICC stage Ⅱ and Ⅲ, 4 patients had
signs of tumor progression during waiting time. Seven
of the UICC stage Ⅳ patients displayed signs of tumor
progression. Independent of the UICC stage the patients
without tumor progression and subsequent OLT had a
significant better median survival. Patients who did not
fulfill the criteria for liver transplantation or showed signs
of tumor progression in UICC stage Ⅲ had a median
survival of 14.2 mo compared to 39.5 mo in the liver
transplanted group (Figure 4). In UICC stage Ⅳ patients
the median survival was 8.6 versus 15.6 mo, respectively.
The patients who were not treated at all had the worst
survival with a median survival time of 3.8 mo (Figure  5).
Taken together, independent of the UICC stage, the
survival was significantly better in patients who qualified
for liver transplantation and without any evidence of
tumor progression while waiting for OLT (p > 0.05).
Patients without tumor progression have a comparable
outcome irrespective of the Milan criteria
Patients, who fullfilled the Milan criteria, are considered
to have an excellent outcome. Interestingly, in our study
there was no significant difference (p = 0.19) in survival
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Figure 6 Survival probabilities for the first 5 years after liver transplantation
according to the Milan criteria (A) and tumor size (B).

of patients, who fullfilled the Milan criteria compared to
the more advanced patients (Figure 6a). However, the
patients with tumors less than 5cm had a significantly
better median survival (p = 0.03) compared to patients
with tumors larger than 5 cm (Figure 6b).

DISCUSSION
Liver transplantation is the only approach that addresses
the multifocal hepatocellular carcinoma and also treats the
underlying cirrhosis but the limited availability of donor
organs and the subsequent immunosuppression urge
criteria of patient selection. Our data suggest that patients,
who do not show signs of tumor progression after TACE
treatment benefit from OLT irrespective of UICC stage.
Without tumor progression, even patients outside of the
Milan criteria do have a good outcome. Therefore we
suggest that patient selection for OLT should be based
on tumor size and additionally on assessment of tumor
progression.
The current UNOS policy for organ allocation among
patients with HCC favors those with tumors confined
within the limits of diameter and number of nodules
defined by the Milan criteria[12]. These were derived from a
prospective study showing significantly better recurrencefree survival for 35 patients meeting the proposed criteria
than for 13 patients with HCC exceeding criteria because
of preoperative tumor stage underestimation based on
pathologic analysis of the liver explants (92% vs 59% at
4 years). Other study groups proposed to “expand” the
limits concerning OLT for HCC[16], because studies using
the extended UCSF criteria (solitary tumor < 6.5 cm,
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three or fewer nodules with the largest lesion < 4.5 cm,
total tumor diameter < 8 cm or without gross vascular
invasion) do not worse the outcome of patients after
OLT [13]. Therefore, concerns arise whether the Milan
criteria may be too restrictive, thus excluding patients who
would otherwise benefit from OLT. The decision for OLT
is based on tumor size and number of tumor within the
liver but not on growth behavior of the tumor or response
of the tumor after bridging therapy. In our present study,
12 patients were found to have tumor characteristics
exceeding the Milan criteria and underwent OLT. These
patients were selected on the tumor progression after
TACE and the difference in survival among those patients
compared to patients meeting the Milan criteria did not
reach statistical significance (p = 0.19). Thus patients
without tumor progression not fulfilling the Milan criteria
might benefit from OLT.
Vitale et al[17] described a very low occurrence of dropouts from waiting list, though they had a quite long median
waiting time of 11 mo[18]. In their study they used the
following criteria to exclude patients from OLT: shortlisting, general contraindication to transplant, extrahepatic
spread, vascular invasion or poorly differentiated HCC (G3)
at pre-OLT percutaneous biopsy. Size and number were
not considered absolute selection criteria. They suggest
that adoption of different selection criteria accounting
more for tumor biology (grading) rather than tumor size
and number and a use of a pre-OLT multimodal strategy
probably may guarantee a lower number of drop-outs. Our
results demonstrate that patients who show no further
tumor progression under TACE treatment significantly
(p < 0.05) benefit from OLT. It seems to be an easier
biological grading method than the routine percutaneous
biopsy for liver lesions because of the given potential risk
of tumor seeding along the biopsy tract.
Furthermore, current imaging techniques have a high
incidence of false-negative and false-positive results
when evaluating HCC in cirrhosis. Only in 14.3% of
OLT patients, tumor diameter was correctly identified
by pretransplant radiological examinations shown by
Sotiropoulos et al[19,20]. Sensitivity of radiological imaging
was especially poor for tumors between 1 and 2 cm and
less than 1 cm (21% and 0%, respectively), indicating
that detection of small HCCs, especially in end-stage
cirrhotic livers, remains problematic. A critical appraisal
of patient characteristics together with great caution when
interpreting imaging studies is recommended to determine
candidacy for transplantation. Otherwise many patients are
not given the opportunity to undergo OLT.
TACE involves the injection into the hepatic artery of
chemotherapeutic agents such as doxorubicin, mitomycin,
or cisplatin with lipiodol, to promote intra-tumor
retention of the medications. TACE has the advantage of
treating larger tumor-areas, being repeatable and perhaps
downstaging patients. Disadvantages of TACE include
significant toxicity and acute liver failure, especially when
treating large areas[17]. Even if downstaging by TACE has
been reported, TACE has not been shown to improve
survival or recurrence of HCC after transplantion. Even
in patients who were not transplanted, multiple large
randomized controlled trials have failed to demonstrate
www.wjgnet.com
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a sur vival benefit. Only a small sur vival benefit in
comparison with conservative treatment was seen in
meta-analysis of these trials. In addition, none of the
current studies have examined the ability of TACE to
sustain patients on the transplantation waiting list. Our
data demonstrate that the patients, who have no tumor
progression after TACE benefit substantially from OLT.
Whether these patients would progress without TACE
remains speculative[19,21-26].
In contrast to other malignant diseases, assessment of
HCC patients on the waiting list should not only account
for the current stage, it although should evaluate the tumor
progression. Multiple genetic lesions within the HCC cells,
which modulate growth, cell cycle, apoptosis and invasion,
define tumor progression [27-31] . These genetic lesions
are not defined in number and location and therefore
prospective evaluation based on molecular pattern is not
possible. On the other hand it is practicable to assess
tumor growth by size and AFP levels.
Therefore, we conclude that the growth behavior
of the tumor (defined as progression under anti-cancer
therapy) could provide simple but helpful information
about the recurrence rate and the outcome of HCC
patients after OLT. We propose that growth behavior
(P0 for no progression and P1 for progression) should
be added to staging systems for classification of HCC to
select patients for OLT[32-34].
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Abstract
AIM: To study the endoscopic, pathological and immunohistochemical features of esophageal mesenchymal
tumors.
METHODS: Tw e n ty- n i n e p a t i e n t s d i a g n o s e d a s
esophageal mysenchymal tumors by electronic
endoscopy and endoscopic ultrasound (EUS) were
observed under light microscopes, and all tissues were
stained by the immunohistochemical method. The
expression of CD117, CD34, SMA and desmin were
measured by staining intensity of cells and positive cell
ratios.
RESULTS: Endoscopically, esophageal gastrointestinal
stromal tumors (GISTs) and leiomyomas (LMs) had
similar appearances, showing submucosal protuberant
lesions. They all showed low echo images originated
from the muscularis propria or muscularis mucosa on
EUS. Endoscopy and EUS could not exactly differentiate
esophageal GISTs from LMs. Microscopically, there
were two kinds of cells: spindle cell type and epitheloid
cell type in esophageal GISTs. Leiomyomas and
leiomyosarcomas were only of spindle cell type. One
malignancy was found in five cases of esophageal
GISTs, and one malignancy in 24 cases of leiomyomas
and leiomyosarcomas. Using Fisher’s exact method,
the differences of malignant lesion proportion were not
significant between esophageal LMs and GISTs, 1/5 vs
1/24 (P > 0.05). All cases of esophageal GISTs were
positive for CD117, and 3 cases were also positive for
CD34. The 24 cases of leiomyomas and leiomyosarcomas
were all negative for CD117 and CD34. The differences
of positive rates of CD117 and CD34 were significant

www.wjgnet.com

between esophageal GISTs and LMs, 5/5 vs 0/24, 3/5 vs
0/24 (P < 0.005). All leiomyomas and leiomyosarcomas
were positive for SMA, and desmin. Among 5 cases of
esophageal GISTs, 2 cases were SMA positive, and 1
case was desmin positive. The differences in positive
rates and expression intensity of SMA and desmin were
significant between esophageal LMs and GISTs, 24/24 vs
2/5, 24/24 vs 1/5 (P < 0.005).
CONCLUSION: The most common esophageal
mesenchymal tumors are leiomyomas, and esophageal
GISTs are less common. Most of esophageal LMs
and GISTs are benign. Endoscopy and EUS are the
effective methods to diagnose esophageal mesenchymal
tumors and they can provide useful information for the
treatment of these tumors. However, they cannot exactly
differentiate esophageal GISTs from LMs. Pathological,
especially immunohistochemical features are useful to
differentiate GISTs from leiomyomas.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Traditionally, the gastrointestinal mesenchymal tumors
(GIMTs) have been almost unifor mly classified as
gastrointestinal leiomyomas (LMs). However, recent
evidence indicates that most mesenchymal tumors of
the gastrointestinal tract are gastrointestinal stromal
tumors (GISTs)[1]. It is difficult to differentiate esophageal
GISTs from LMs because of their similar appearance.
GISTs frequently have malignant potential, therefore, it
is important to differentiate GISTs from LMs. GISTs
arising in the gastrointestinal tract have been known quite
well. Whether there are the same stromal tumors in the
esophagus, and whether stromal tumors are the most
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frequent mesenchymal tumors of the esophagus, are big
concern of clinical doctors[2,3].

MATERIALS AND METHODS
Specimen collection
All the patients were in- and outpatients from the First
Affiliated Hospital of Nanchang University during
June 2004 to November 2005 and they all met with the
following two criteria: (1) Endoscopically, the tumors
showed submucosal protuberant lesions, and they showed
low echo images originated from the muscularis propria or
muscularis mucosa on EUS. (2) Microscopically, they were
diagnosed as esophageal mesenchymal tumors. All tissue
specimens were obtained by the following 3 methods:
biopsy, endoscopic mucosal resection (EMR) or surgical
operation.
Methods
All tissue specimens were fixed in 10% formalin and
processed routinely for paraffin embedding. Sections of
4-mm thick were stained with hematoxylin and eosin, and
observed by light microscopy. Then all cases were stained
for CD117, CD34, SMA, and desmin. All antibodies
were purchased from Beijing Zhongshan Corporation.
The detailed procedures were carried out according to
instructions of the kits.
Criteria for histopathology
First, esophageal mesenchymal tumors: According
to the criteria of 2005 WHO Oncopatholog y and
Genetics[4], if spindle cells and epitheloid cells were shown
microscopically, esophageal mesenchymal tumors can be
diagnosed. Sencond, criteria for assessing malignancy of
gastrointestinal stromal tumors: according to the criteria of
2005 WHO Oncopathology and Genetics and the advice
of Singer and Miettinen [4-6], GISTs were diagnosed as
malignant when the following criteria were met: tumor size
≥ 5 cm, nuclear mitotic figure > 5/50 HPF. GISTs were
diagnosed as benign: tumor size < 5 cm, nuclear mitotic
figure < 5/50 HPF. GISTs were diagnosed as potentially
malignant: tumor size ≥ 5 cm, nuclear mitotic figure <
5/50 HPF or tumor size < 5 cm, nuclear mitotic figure >
5/50 HPF. At the same time, tumor hemorrhage/necrosis,
peripheral invasive growth, lymph node metastasis and
metastasis to another organ are all considered also. Third,
criteria for leiomyosarcomas: according to the criteria of
2005 WHO Oncopathology and Genetics and internal
reports[4,7,8], tumor size ≥ 5 cm, nuclear mitotic figure
> 5/50 HPF, tumor hemorrhage/necrosis, peripheral
invasive growth and metastasis.
Assessment for immunohistochemical results
Positive results were indicated if the cytoplasm was stained
brown, and cell membrane was stained positive for CD34
and CD117. The categories were (+): more than 10% of
cells stained; (-): less than 10% of cells stained. Positive
control: CD117, an indicator of the known GISTs; CD34,
an indicator of vascular endothelial cells in tumors; SMA,
an indicator of normal smooth muscles in vascular walls or
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Table 1 Clinical findings of 29 cases of esophageal mesenchymal
tumors
Tumor n Dysphagia Heart burn/ Hemorrhage   Stomachache   Asymptomatic
type
retrosternal
		
pain

LMs 24
GISTs 5
Total 29

4
1
5

7	 
1
8

1
1
2

2
0
2

10
2
12

Tested by Fisher’s exact method, the differences of symptoms are not
significant between esophageal LMs and GISTs (P > 0.05).

Figure 1 Endoscopic image of esophageal stromal tumors.

esophageal walls; Desmin, an indicator of normal smooth
muscles in esophageal walls. Negative control: the primary
antibody was replaced by PBS for negative control.
Statistical analysis
Data was tested using Fisher’s exact method. A P value less
than 0.05 was considered statistically significant.

RESULTS
Clinical data
Among 29 cases of esophageal mesenchymal tumors
diagnosed by endoscopy, patholog y and immunohistochemistry, 5 cases were esophageal GISTs, 23 cases
were leiomyomas and 1 case was leiomyosarcoma. In
the group of esophageal GISTs, 3 cases were male, and
2 cases were female. Their age ranged from 44-63 years
(mean 52 ± 7.8 years). In the group of leiomyomas and
leiomyosarcomas, 13 cases were male, and 11 cases were
female. Their age was between 24-68 years (mean 55 ±
10.2 years). The symptoms of esophageal mesenchymal
tumors are summarized in Table 1.
Endoscopic and EUS characteristics
Endoscopically, GISTs showed submucosal protuberant
lesions such as hemisphere, nodosity, strip or irregular
shape, and had smooth surface, wide bases and the
same color as its adjacent mucosa (Figures 1 and 2). The
malignant lesions showed ulceration or hemorrhage, and
had no clear boundaries with the normal tissue. Benign
tumors varied from 0.5-3 cm in size. One malignant tumor
www.wjgnet.com
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Figure 2 Endoscopic image of leiomyomas.
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Figure 3 EUS image of esophageal stromal
tumors: originated from muscularis propria.

Volume 13

Number 5

Figure 4 EUS image of leiomyomas: originated
from muscularis mucosa.

Figure 5 Malignant esophageal stromal tumor: tumor cells were intensely stained,
but there was no visible mitoschisis. (HE × 200).

Figure 6 Esophageal leiomyoma: cells were all spindle, with abundant
eosinophilic cytoplasm (HE × 200).

was especially large, extending to the cardia and body of
the stomach. LMs showed submucosal protuberant lesions
such as polyps, hemisphere, pillar, dumb bell, with smooth
surfaces. Tumors varied between 0.5-3 cm in size, and
had clear borders. One leiomyosarcoma showed irregular
nodosity. Its size was 3 cm × 4 cm with anabrotic surfaces.
On EUS, GISTs showed round, spindle-shaped or
irregular low echo images originated from the muscularis
propria or muscularis mucosa, from which internal
echoes were homogeneous or heterogeneous. Two cases
were originated from the muscularis mucosa and 3 cases
from the muscularis propria (Figures 3 and 4). LMs also
showed low echo images originated from the muscularis
propria or muscularis mucosa and their internal echoes
were homogeneous or heterogeneous. Eleven cases were
originated from the muscularis mucosa and 12 cases were
originated from the muscularis propria. Endoscopy and
EUS could not differentiate esophageal GISTs from LMs
because of their similar appearances.

The epitheloid cells were round, orbicular-ovate or polygon
and their nuclei were conspicuous. According to the
above mentioned criteria, there was 1 case of malignancy
at the inferior segment of the esophagus, which size was
uncertain, with hemorrhage and necrosis on its surface.
Microscopically, the tumor cells were intense, but there
was no visible mitoschisis (Figure 5).
Twenty three cases of LMs were composed of welldifferentiated smooth muscle cells of spindle cell type and
the cells were arranged as braid, sarciniform. The tumors
were moderately cellular with abundant eosinophilic
cytoplasm (Figure 6). According to the criteria, there was
one leiomyosarcoma, which size was 3 cm × 4 cm, with
ulceration and bleeding on its surface and without clear
borders. Microscopically, there were abundant spindle cells
with a few mitoschisis.
Among 29 cases of esophageal mesenchymal tumors,
one case with malignancy (20%) was found in 5 cases
of esophageal GISTs, and one case with malignancy
(4.2%) was found in 24 cases of leiomyomas and
leiomyosarcomas. Using Fisher’s exact method, the
differences of malignant lesions proportion were not
significant between esophageal LMs and GISTs, 1/5 vs
1/24 (P > 0.05).

Pathological characteristics
Among 5 cases of GISTs, 4 cases were of spindle cell
type, and one case was of epitheloid cell type. There was
no mixture of cell types. The cells of GISTs were more
intense than leiomyomas, and had a less eosinophilic
cytoplasm. The spindle cells were arranged in braid,
sarciniform, or cord-like and their nuclei were rod -like.
www.wjgnet.com

Immunohistochemical results
Twenty nine cases of esophageal mesenchymal tumors
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Table 2 Expression of CD117 in 29 cases of esophageal
mesenchymal tumors

Table 3 Expression of CD34 in 29 cases of esophageal
mesenchymal tumors

Tumor type

n

Positive rate (%)

GISTs

5

5

GISTs

24

0

LMs

LMs

Tumor type

n

Positive rate (%)

5

3 (60)

24

0
P < 0.003

P < 0.003

Table 4 Expression of SMA in 29 cases of esophageal
mesenchymal tumors
Tumor type

n

Positive rate (%)

LMs

24

24 (100)

5

2 (40)

GISTs

Table 5 Expression of desmin in 29 cases of esophageal
mesenchymal tumors
n

Positive rate (%)

LMs

24

24 (100)

GISTs

P < 0.003

A

Tumor type

5

1 (20)
P < 0.003

B

Figure 7 Expression of CD117(× 200) and CD 34 (× 400) in malignant esophageal stromal tumor: showing yellow or brown granules in cell cytoplasm and (or) membrane.
A: CD117; B: CD34.

A

B

Figure 8 Expression of SMA (A) and Desmin (B) in esophageal leiomyomas (× 200): showing yellow or brown granules in cell cytoplasm.

were all stained positive for CD117, CD34, SMA and
desmin. The results are summarized in Table 2, Table 3,
Table 4 and Table 5, Figures 7 and 8.

DISCUSSION
Gastrointestinal mesenchymal tumors have long

been classified as LMs, including leiomyoma and
leiomyosarcoma. In 1983 Mazur and Clark introduced
the term of gastrointestinal stromal tumors (GISTs).
GISTs are a kind of potentially malignant tumor. Most
scholars believe that the stomach is the predilective site
of GISTs, next are the intestines, the colon and the
rectum. And GISTs seldom occur in the esophagus[9,10].
www.wjgnet.com
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Gouveia[11] reported that esophageal GISTs, though less
in number, were also made up of fusiform cells, and their
mitotic index was low. CD117 and CD34 were expressed,
and the malignant degree was low. Among 57 cases of
esophageal mesenchymal tumors, studied by Madalie[12], 14
cases of esophageal GISTs were found, and only 2 cases
were malignant. Wang[13] reported that 9 cases of GISTs
were found among 44 cases of esophageal mesenchymal
tumors, and 3 cases were malignant. In our study, among
29 cases of esophageal mesenchymal tumors, 5 cases were
demonstrated to be GISTs by endoscopy, pathology, and
immunochemistry, and the other 24 cases were LMs. This
result further proved that esophageal GISTs exist in the
gastrointestinal tract, though they are fewer in number
than esophageal LMs, accounting for only 20%[12-14].
Esophageal mesenchymal tumors mostly occur in
people of middle and old age, especially over 50 years
old, occasionally in children. In the current study, all the
5 cases were over 40 years old, and 3 of them were over
50 years old (the youngest one was 40 years old). The
mean age was 52 years. Esophageal leiomyomas may
occur at any age. In our group, age of patients with LMs
was from 20 to 70 years, and males were slightly more
than females. The clinical manifestations of esophageal
mesenchymal tumors are closely correlated with the size,
nature, and growth pattern of the tumor. In the earlier
period, clinical symptoms are nonspecific. When the tumor
volume becomes bigger grossly and grows intracavitarily,
symptoms such as dysphagia, heart burn, and retrosternal
pain may become obvious. Some patients may have upper
gastrointestinal hemorrhage.
The appearance of esophageal GISTs and leiomyomas
are similar under the endoscope. They are generally
globular, hemispheroid, polypoid, with tubercular
eminences. The surface of benign GIMTs is smooth,
while there is ulceration or hemorrhage on the surface of
malignant GIMTs. EUS can not only examine the wall of
the esophagus, but can also estimate the topography of
the extent, location of lesions, and their relation to the
surrounding organs[15,16]. EUS can discriminate GIMTs
from other protrusion lesions of the esophagus. Usually
esophageal mesenchymal tumors show a low echo image.
Though EUS can help doctors to make therapeutic
decisions by surgery or by endoscopy, it cannot help
doctors to judge the type of the GIMTs.
Esophageal GISTs originate from between the walls of
the esophagus. They are a kind of proliferation of spindle
cells or epithelioid cells. No matter where the tumor is
originated, the cells of GISTs are more abundant than
that of leiomyomas and have less eosinophilic cytoplasm.
The tumor cells are interlaced，dispersed, or paliformly
arranged. In our study, cell nests made up of spindle cells
were found in three cases of esophageal GISTs. These cell
nests can only be found in GISTs, but not in LMs. This
result is coincident with that of Franquemont [17].
There is no definite criterium for differentiation
between benign and malignant esophageal mesenchymal
tumors. We determined the nature of tumors according to
their infiltration, metastasis, volume, and nuclear mitotic
figure. In the present study, one case of interstitialoma
occurred at the inferior segment of the esophagus. Its
www.wjgnet.com
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diameter was more than 5 cm. There was ulceration and
hemorrhage on the surface, but no obvious mitoschisis.
This tumor can still be judged as malignant. Kimiyoshi[18]
suggested a criterium for differentiation between benign
and malignant GISTs: hemorrhage or necrosis, the
diameter of the tumor > 5 cm, Ki-67 labeling index (LI)
> 3％. If the tumor has any one of the items above, it is
malignant. If none of the items above can be found, then
it is benign. Kimiyoshi also found that cellulosity, nuclear
atypia, and mitoschisis were not related to the nature of
the tumor. This is different from the traditional diagnostic
criteria. And further studies are needed. Leiomyosarcomas
are not common, and its diagnostic criteria are not well
studied. According to the criteria of WHO, there was
only 1 case of leiomyosarcoma in the present study.
The tumor occurred at the inferior segment of the
esophagus. Intensive fusiform cells could be seen under
the microscope. Mitoschisis could be seen accidently. The
diagnosis was low potential malignant leiomyosarcoma.
The incidence of esophageal leiomyosarcoma is low.
In our study, the difference between the ratio of
malignant GISTs (1/5) and that of leiomyosarcoma
(1/24) was insignificant. It showed that the biological
behaviour of GISTs was related to the site of the tumor.
Esophageal GISTs are not as malignant as those in the
gastrointestine. It was also noted that 1 case of esophageal
leiomyosarcoma and 1 case of esophageal interstitialoma
both occurred in the inferior segment of the esophagus
adjacent to the cardia. Whether the predilection site for
malignant lobus intermedius tumor is the inferior segment
of the esophagus is still to be studied.
In 1998, Kindblom et al[19] found that GISTs expressed
CD117, which provided an effective means to study
GISTs. CD117 is sensitive and specific. Studies reported
that the sensitivity was 90%-100%[20,21]. In this study, all
5 cases of esophageal interstitialoma expressed CD117,
while no case of leiomyoma expressed CD117. Both
the sensitivity and specificity were 100%. This result is
coincident with most overseas studies. However, not
all GISTs expressed CD117. Debiec-Rychter found
that in some of the malignant or recurrent cases of
GISTs, CD117 was not expressed[22]. CD34 is a sensitive
immunochemistry marker of GISTs. CD34 was expressed
in 60%-70% cases of GISTs[23,24], but barely expressed
in leiomyomas and myoschwannomas[25,26]. In our group
the sensitivity of CD34 was 60%, and the specificity
was 100%. Smooth muscle actin(SMA) is widespread
and strong positive in smooth muscles, and also positive
in GISTs. This shows that some GIST cells could
differentiate into smooth muscles. Desmin is a key index
for diagnosis and differential diagnosis of GIMTs, which
is strongly expressed in smooth muscles, while barely
expressed in GISTs. In this group, desmin was positive in
all 24 cases of leiomyoma (leiomyosarcoma); only positive
in 1 GIST. This is consistent with previous reports[27,28].
Our study provided evidence that all esophageal
mesenchymal tumors had the same immunohistochemical
features, and combined detection of CD117, CD34, SMA
and desmin can help differentiate esophageal GISTs from
LMs.
In summary, the present study demonstrates that
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the traditional classification is not precise by combined
analysis of the clinical, endoscopic, pathological and
immunohistochemical features of esophageal mesenchymal
tumors. Clinical findings, endoscopy and EUS can be
helpful for diagnosis of esophageal mesenchymal tumors,
but cannot determine the nature of tumors. Pathology
and immunohistochemistry play an important role in their
diagnosis and differential diagnosis.
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Abstract
AIM: To investigate the gastrointestinal bleeding (GIB)
in people from lowland to high altitude and in workers on
Mountain Tanggula and its causes as well as treatment
and prophylaxis.
METHODS: From 2001 to October 2003, we studied GIB
in 13 502 workers constructing the railroad on Mountain
Tanggula which is 4905 m above the sea level. The
incidence of GIB in workers at different altitudes was
recorded. Endoscopy was performed when the workers
evacuated to Golmud (2808 m) and Xining (2261 m).
The available data on altitude GIB were analyzed.
RESULTS: The overall incidence of GIB was 0.49% in
13 502 workers. The incidence increased with increasing
altitude. The onset of symptoms in most patients was
within three weeks after arrival at high altitude. Bleeding
manifested as hematemesis, melaena or hematochezia,
and might be occult. Endoscopic examination showed
that the causes of altitude GIB included hemorrhage
gastritis, gastric ulcer, duodenal ulcer, and gastric
erosion. Experimental studies suggested that acute gastric
mucosal lesion (AGML) could be induced by hypoxic
www.wjgnet.com

and cold stress, which might be the pathogenesis of
altitude GIB. Those who consumed large amount of
alcohol, aspirin or dexamethasone were at a higher risk
of developing GIB. Persons who previously suffered from
peptic ulcer or high-altitude polycythemia were also at
risk of developing GIB. Early diagnosis, evacuation, and
treatment led to early recovery.
CONCLUSION: GIB is a potentially life threatening
disease, if it is not treated promptly and effectively. Early
diagnosis, treatment and evacuation lead to an early
recovery. Death due to altitude GIB can be avoided if
early symptoms and signs are recognized.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although cardiac, respiratory and neurological symptoms
are more common among mountaineers and persons from
lowland going to the high altitude, little work has been
done on the effect of hypoxia on digestive system in either
patients with altitude illness or in healthy individuals at high
altitude. In fact, symptoms of the digestive system such as
anorexia, epigastric discomfort, epigastralgia, heart burn,
dyspepsia, nausea, vomiting, diarrhea, haematemesis, piles
and peptic ulcers are frequently found in mountaineers
and altitude sojourners [1,2]. Moreover, epidemiological
and clinical studies suggest that gastrointestinal bleeding
(GIB) is not uncommon at high altitude, and is often
life-threatening[3,4]. There are two diagnostic criteria for
acute mountain sickness (AMS), one is the ESQⅢ[5] and
the other is the Lake Louise consensus scoring system[6].
Gastrointestinal symptoms include nausea/vomiting,
loss of appetite, stomach/abdominal pain, constipation,

Wu TY et al. Altitude gastrointestinal bleeding

however, the GIB is not included in the diagnostic criteria.
Furthermore, data on GIB are available from Japanese,
Chinese, and Peruvians, but rarely reported in western
people[7].
Altitude problems are of great importance for the
railroad constr uction workers at high altitude. The
construction of railroad on Mountain Tanggula offered a
unique opportunity for investigation and study of AMS,
high altitude pulmonary edema (HAPE), and high altitude
cerebral edema (HACE), as well as high altitude GIB. This
paper describes the incidence, clinical features, and risk
factors for GIB in the railroad construction workers on
Mountain Tanggula.
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Table 1 Weather conditions in the two surveying regions and
the two evacuated areas-Golmud and Xining
Area		

Fenghoushan Kekexili

Altitude (m)		
4905
PB (mmHg)		
417
-7.0
Average annual temperature (℃)
Annual precipitation (mm)
317
Annual sunshine time (h)
2712
Relative humility (%)		
57

4505
440
-2.6
291
2764
58

Golmud
2808
538
3.6
42
3101
34

Xining
2261
585
6.7
371
2793
57

1.40

MATERIALS AND METHODS
Areas and subjects
Between June 29, 2001 and October 31, 2003, altitude
gastrointestinal problems including altitude GIB were
studied at two hospitals near the construction site. One
hospital is located on the Fenghoushan at an altitude of
4779 m and the other hospital is situated in the Kekexili
area at an altitude of 4505 m. These two hospitals received
patients from the construction sites, working at altitudes
between 3486 m and 4905 m. A total of 8014 workers
worked at Fenghoushan and 5488 in Kekexili over the past
three years. The weather conditions in the two surveying
regions and the evacuated areas in Golmud and Xining are
summarized in Table 1.
The weather and climatologic data were provided by
the Tanggula Meteorological Observatory Station and the
Qinghai Weather Bureau. Workers were not only exposed
to a hypoxic environment, but also to severe cold. The
temperature in winter ranged between -27℃ and -36℃,
with an annual average temperature of -3℃ to -7℃.
A questionnaire was delivered to the persons to be
investigated, including age, gender, ethnicity, occupation,
place of birth, length of time at low altitude, length of
time after ascending to high altitude, history of smoking
and consumption of alcoholic beverages, current and past
medical history, and family history.
All subjects underwent a careful medical evaluation
before and after ascending to high altitude. Physical
examination, routine blood tests, chest roentgenograms,
electrocardiograms, etc were performed. The protocol was
approved by the Qinghai High Altitude Medical Research
Institute Committee on Human Research. Informed
consent was obtained verbally for each subject.
Diagnosis
The diagnosis of AMS was made using the Lake Louise
scoring system (LLSS) in which two or more of symptoms
monitored were defined as AMS[6]. The clinical diagnosis
of GIB was based on the following criteria: (1) occurrence
in unacclimatized individuals who were rapidly exposed
to altitudes exceeding 3000 m; (2) onset of typical
symptoms including epigastric discomfort, epigastric pain,
haematemesis, melaena, or hematochezia; (3) significant
decrease in hemoglobin concentration (Hb) or hematocrit
value (Hct); (4) endoscopic diagnosis of GIB after
descending to the Golmud (2808 m) or Xining (2261 m);

Incidence (%)

1.20
1.00
0.80
0.60
0.40
0.20
0.00

3.0

3.5

4.0

4.5

5.0

5.5

Altitude/km

Figure 1 Frequency distribution of altitudes in patients with gastrointestinal
bleeding diagnosed at two hospitals on Mountain Tanggula. The incidence of GIB
increases with increasing altitude.

(5) disappearance of symptoms and signs after treatment
with blood transfusion and oxygen. Outcome was assessed
according to the clinical and laboratory results.
Statistical analysis
Statistical analysis was made by the IBM 3990 system.
The incidence (cumulative case rate over a defined period
in a defined population) of GIB in these populations
was calculated. The frequency of risk factors for GIB
was examined, using two by two tables, odds ratios, and
chi square test. Comparison of mean numerical values
was made by t test. P < 0.05 was considered statistically
significant.

RESULTS
Overall incidence
We selected two typical areas where the local hospitals are
located to investigate the altitude illness. From 2001 to
2003, GIB was found in 66 cases of 13 502 workers on
Mountain Tanggula during the period with an incidence of
0.49%.
Predisposing factors
The incidence of GIB was also found to be dependent
upon many variables, including altitude, length of stay at
high altitude, age, sex, labouring conditions, and ethnicity.
Altitude: The incidence of GIB at various altitudes
is shown in Figure 1. Occurrence of GIB was rarely
found below 3500 m. The highest frequency of GIB
www.wjgnet.com
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Figure 2 Time lag between ascent and onset of illness.

was observed between 4500 m and 5000 m, its incidence
increased gradually with altitudes being 0.2% at 3500 m
and 1.1% at 4905 m (P < 0.01).
Onset time of symptoms: Symptoms suggestive of
GIB occurred in 17 out of 66 cases (25.8%) within 5-10
d after arrival at high altitude, in 24 cases (36.3%) within
11-15 d, 14 cases (21.2%) within 16-20 d, the remaining
11 cases(16.7%) within 21-122 d (16.7%) (Figure 2). The
onset time of most symptoms was within three weeks after
arrival at high altitude.
Age and gender: Many of the patients were young or
middle-age adults, and the oldest was 46 years of age. The
mean age of all cases was 34 ± 7.8 years.
GIB occurred frequently in men. Since the total
number of females was small (21 persons), and could be
neglected.
Occupation: The incidence of GIB in workers and
carders was 0.51% and 0.46%, respectively. There was no
significant difference between the two groups (P > 0.05).
Ethnicity: Interestingly, all the GIB patients were Han
Chinese lowlanders. Over one-third of the workers were
native highlanders (most of them were Tibetans who
permanently lived at altitudes from 2500 m to 3200 m) and
no GIB was found in them.
Endoscopic findings
All patients with altitude GIB were evacuated to the
hospitals in Golmud or Xining. Among them, 28 had an
endoscopic examination either at admission or within
24 h after admission and others were not able or refused
to undergo an endoscopic examination. Endoscopic
examination showed gastric ulcer in 11 cases, duodenal
ulcer in 4, combined ulcers in 4, hemorrhage erosion in 5,
bleeding gastritis in 4 and chronic atrophic gastritis in 1,
respectively.
Risk factors
GIB was obviously related to drinking alcohol and use
of aspirin and/or dexamethasone in 3 patients. Case
one was a 37-year old railroad worker from lowland to
a construction site at 4505 m. During the ascent, he was
given 8 mg dexamethasone followed by 4 mg every eight
www.wjgnet.com
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hours for AMS prophylaxis. In the morning after arrival at
4505 m, he complained of severe headache. He was given
0.5 g of aspirin and dexamethasone, which did not relieve
his headache. He drank approximately 300 mL of liquor
(50% alcohol). After eight hours he suddenly became
incapacitated with symptoms of upset stomach, abdominal
pain, and severe fatigue. At about 6.0 AM on the third
day, he had melaena and tarry black stool, thus aspirin and
dexamethasone were immediately stopped. Within a few
hours his condition became progressively worsened, and
he was promptly evacuated to the Golmud Hospital (2808
m). At admission, his BP was 90/50 mmHg and Hb level
was below 65 g/L. Gastro-fiberscopic examination was
performed within six hours after admission and revealed
diffuse gastric bleeding and erosion, and linear gastric ulcer
combined with duodenal ulcer. Supplementary oxygen
was given and an intravenous drip was put up. After 600
mL whole blood transfusion over about five hours, and
administration of H2 blocker (ranitidine), his BP gradually
increased (110/80 mmHg), and malaena was stopped. He
slowly improved over two weeks, his Hb increased to 105
g/L. He was discharged 21 d after admission and returned
to his lowland home.
In addition to this case, we encountered 2 similar
cases at the Kekexili construction site. Case two was a
healthy young man who took aspirin and dexamethasone
to prevent AMS and drank alcohol in the evening, he
had brisk melaena in the next morning. Case three was
a middle age worker, with a previous history of gastric
peptic ulcer. He took aspirin for headache, after drinking
100 mL of hard liquor, he developed acute melaena.
Polycythemia (Hb > 210 g/L) was found in 5 patients
with GIB having lived at altitude above 4000 m for more
than 45 d.
Moreover six patients with GIB had a previous history
of potential peptic ulcer and 5 had chronic gastritis.
Outcomes
Once the diagnosis was confirmed, the patients were either
evacuated to the Golmud Hospital (2808 m), or treated as
outpatients or sent to Xining (2261 m). Their conditions
gradually improved after effective treatments.

DISCUSSION
Nomenclature and relation between AMS and altitude GIB
High-altitude GIB is a distinct clinical entity. However,
the different terms of this syndrome have been used by
different authors. The term “hypoxic gastric bleeding”
is used loosely in some Peruvian scientists [8], “altitude
digestive hemorrhage” is also used for this illness[9]. Since
hemorrhage could occur in buccal mucosa, digestive
mucosa, finger nails, as well as in gastrointestinal tract,
urinary tract, retina and gums[10,11], it is named as “high
altitude hemorrhage syndrome”. GIB is one of the clinical
manifestations of this syndrome [11]. However, GIB is
almost an independent digestive mucosal lesion, causing
gastrointestinal bleeding at high altitude. We hold that the
term “high altitude gastrointestinal bleeding” (altitude
GIB) is more suitable for this condition.
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We also noted that approximately 58% of GIB patients
are accompanied with AMS, and about 42% have altitude
GIB alone. However, GIB has not been found to be
associated with HAPE or HACE. Thus whether altitude
GIB is a gastrointestinal type of AMS should be further
studied.
Incidence of altitude GIB
The incidence of altitude GIB among workers constructing
Qinghai-Tibetan highway on Mountain Tanggula from
1978 to 1984 was 1.1%[4]. The incidence of altitude GIB
in workers constructing the Qinghai-Tibetan railroad at
the same mountainous areas was 0.49% in 2001-2003,
which is much lower than the reported incidence in
mountaineers on Everest. During 1988 the China-JapanNepal Friendship Expedition to Mountain Qomolungma
(Everest), a total of 52 Japanese mountaineers climbed
from Tibetan (north) side (5154 m) to the summit (7790
m), five on the north side suffered from upper alimentary
bleeding with an incidence of 9.6%[12], suggesting that the
incidence of GIB increases with the increase of altitude.
Liu[13] reported that the occurrence of GIB in soldiers
stationed between 3700 m and 5380 m for one year is
0.8% of the total patients and 1.5% of AMS cases at a
Chinese Army Hospital located at the foot of Mountain
Karakoram (3550 m) during the same period. However,
endoscopy examination showed that the incidence of
acute gastric mucosal lesion (AGML) in mountaineers is
as high as 16%-49%[14-16], suggesting that some subclinical
GIB exists.
Clinical features of altitude GIB
Of the 66 cases, 17 had altitude GIB within 10 d after
arrival at above 3500 m. Most patients (55) had altitude
GIB within 20 d, and 11 had altitude GIB after 21 d.
These observations were incomparable with the onset of
HAPE or HACE. In general, the mean time of HAPE or
HACE occurrence after arrival at above 3500 m was three
days with a range of 1-5 d.
The victims of GIB include both mountaineers and
native highlanders[8,17]. Macedo[8] reported that two adult
male native Quechua Indians presented a sudden and
severe gastric bleeding of unknown etiology in the Andes.
However, in our GIB patients, there were no Tibetan
natives. It is possible that these individuals have greater
genetic resistance to hypoxia at high altitude.
At high altitude, GIB may be manifested as
haematemesis (vomiting of blood, either bright red or
brown in color), melaena (tarry black, sticky stool) or
hematochezia (fresh red blood per rectum, ruling out the
diagnosis of piles). However, hemorrhage was manifested
as melaena in almost all 64 patients except for two with
haematemesis. Bleeding, however, might be occult, with
normal appearance of stools. Occult blood in stools was
detected in 10 mountaineers by Naito et al[18] using “OCHemodia Kit” which can detect only human hemoglobin
without cross-reaction in any other animals during their
Iwate Karakoram expedition in 1989, a total of 8 persons
presented a positive reaction, sug gesting that silent
bleeding from gastrointestinal mucosa commonly exists in
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mountaineers.
GIB gives rise to symptoms and signs depending
upon the rate and extent of bleeding. In our experiences,
acute moderate bleeding (blood loss greater than 500
to 1000 mL) results in drowsiness, dizziness, oliguria,
sweating and pallor. BP changes occur first in the form
of orthostatic hypotension. Pulse rate seems to be a far
less accurate parameter, particularly at high altitude, as
tachycardia is common amongst such mountaineers. Acute
massive bleeding is characterized by loss of greater than
1500 mL or 25% of the circulating blood volume within
a period of minutes to hours, decreased systolic and
diastolic BP, increased pulse rate, decreased hemoglobin
concentration or Hct values. It is a critical indicator for
the desperate situation. Therefore any patient experiencing
malaena with or without hematemesis or associated
symptoms or hypotension, should be evacuated promptly
and hospitalized immediately for further evaluation and
treatment[4].
Endoscopic findings and causes of altitude GIB
Endoscopy is highly advisable. Sugie et al[19] found gastroduodenal mucosa lesions in 13 out of 22 mountaineers at
Mountain Xixapangma (5020 m). The results of arterial
blood gas analysis reported by Sugie et al[20] are as follows:
PaO2 = 43 mmHg, PaCO2 = 23.5 mmHg, pH = 7.51,
BE = 1.0. Zhao and Li[15,16] reported that the incidence
of gastro-duodenal mucosal lesions is 49% in 51 young
healthy male subjects at the altitude between 3658 m and
4200 m. Occasionally, upper digestive hemorrhage may
occur in gastric cancer patients at altitude[21,22].
Saito[12] reported a male mountaineer on Mt. Everest
expedition who developed massive GIB and serious
anemia at the altitude of 7028 m. Endoscopy after his
arrival at sea level, showed no abnormality [23]. Zhou [24]
reported a case of a healthy lowland Han subject who
developed GIB during a sojourn at Lhasa (3658 m) and
died of recurrent massive GIB. Postmortem revealed
diffuse superficial erosion in the stomach but no peptic
ulcers.
Mechanism of altitude GIB
The mechanism of altitude GIB remains unclear.
Pathological studies in patients died of altitude GIB
revealed significant dilatation of arterioles and venules,
for mation of extensive blood capillaries in gastric
mucosa [25] and hemorrhage into the gastric mucosa [26].
Different kinds of stress can cause AGML. It was
reported that cold or hypoxic stress can induce AGML
in rats [27,28]. However, on high mountains, cold stress
usually accompanies the effects of hypoxic stress in
mountaineers, suggesting that hypoxemia is probably
the main factor for AGML in mountaineers who are
healthy at sea level[19]. Kamiyama et al[29] have attributed
the potential difference (PD) to the indicator of gastric
integrity or gastric mucosa defensive mechanism that may
play an important role in the pathogenesis of hypoxiainduced AGML. The PD is closely related to the transport
of electrolytes by gastric mucosa cells depending on
aerobic metabolism. Hypoxemia may cause changes
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in tissue levels of oxygen resulting in decrease of PD.
Strenuous exertion and hard work increase hypoxia stress
and induce injury of gastric mucosa capillaries[14,17]. Naito
et al[30] noted that peroxidation of phosohatidylcholine in
gastric mucosa is another possible mechanism underlying
AGML at high altitude. It was reported that ulcer index
(UI) and phosphatidylcholine hydroperoxide (PCOOH)
are higher in hypoxia group than in control group, though
thiobarbituric acid (TBA) substance does not differ
between the two groups, suggesting that lipid peroxidation
in gastric mucosa may play a role in the pathogenesis of
hypoxia-induced AGML. Acute diffuse lesions induced
by stresses are pathologically and clinically distinct from
gastro-duodenal mucosa lesions and present as an upper
alimentary bleeding.
Fisk factors for altitude GIB
Alcohol: It is historically believed that alcohol could relieve
and protect against AMS[4]. More recently, Houston[31] has
recommended less alcohol use on mountains. It appears
that alcohol may also be a risk factor for GIB at altitude.
Ravenhill [32] has observed that alcohol increases the
severity of symptoms of AMS. Those who drink a little
alcohol under a simulated hypoxic condition (7620 m), may
impair their mental and physical function[33]. Steele[34] has
described three Sherpas who had severe epigastric pain,
nausea and vomiting after heavy drinking on Mountain
Everest. Zhou [24] reported three young men in Lhasa
who developed massive gastric hemorrhage due to acute
hemorrhagic gastritis after a hard drinking. High altitude
native populations, such as Quechua Indians, like to drink
inferior rough alcohol, which may be the aetiology of the
increased prevalence of gastric ulceration[26]. From 1978
to 1984 when the Qinghai-Tibetan Highway was under
construction, the incidence of GIB was higher (1.93%) in
workers who drank more of it than in those (0.95%) who
drank it less[4], suggesting that drinking alcohol increases
the risk of developing GIB at altitude and alcohol should
be avoided.
Aspirin or other NSAID agents: Aspirin has been shown
to be effective in treating headache due to AMS[35]. Aspirin
alone is not very effective in preventing headache due to
AMS, whereas aspirin in combination with dexamethasone
can achieve rather good results[36]. There is strong but not
conclusive evidence that major bleeding episodes could
result from acute, diffuse hemorrhagic lesions in the
upper GI tract after ingestion of aspirin. Thus, relief of
headache due to AMS is a difficult matter because aspirin
and other non-steroidal anti-inflammatory drugs (NSAID)
lead to GIB [7,37] . It was reported that dr ugs such as
paracetamol (acetaminophen) or ibuprofen, have a strong
anti-inflammatory action on headache or other pains and
do not cause gastrointestinal bleeding[38].
Dexamethasone: Dexamethasone has been used in
the prevention and treatment of AMS [39,40] because
administration of it for a short time does not result in any
problems at high altitude [31]. However, dexamethasone
is one of the drugs that are strongly suspected of being
ulcerogenic, especially in patients with a prior history of
peptic ulcer disease, and may increase the risk of GIB at
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altitude. Concomitant use of dexamethasone, aspirin and
alcohol has an additive or synergistic effect on the upper
GI tract mucosa, and could lead to rapid and serious GIB
as in our cases.
High altitude polycythemia: Polycythemia is a common
feature seen in altitude residents and patients with
hypoxemia[15,16,24]. Digestive symptoms such as epigastric
pain, dyspepsia, anorexia, vomiting, and diarrhea can
be frequently eliminated in 89%-100% of patients with
high altitude polycythemia (HAPC)[24]. GIB is a common
complication of HAPC. In our series five patients with
GIB had HAPC. Zhou [24] reported polycythemia in
21 young male Chinese soldiers (mean age 26.6 years)
stationed in Lhasa (3658 m) who had no previous history
of peptic ulcer. GIB occurred following development
of HAPC. They found that exposure to cold, strenuous
exertion, and drinking alcohol are the main predisposing
causes.
Zhao and Li [15,16] have reported their endoscopic
examinations in 98 patients with HAPC (Hb > 210 g/L)
in Lhasa, showing superficial gastritis in 29, gastric ulcer
in 26, duodenal ulcer in 12, complex ulcers in 5, and
atrophic gastritis in 3. Chu and Sun[41] examined 5 patients
with HAPC (mean Hb = 225 g/L) in Madou (4300 m),
diffuse bleeding and erosion as well as ulcerous necrosis
were observed in their stomach, and electromicroscopic
examination showed the ultrastructural characteristics of
their gastric mucosal biopsies, such as irregularly arranged
thick microvilli, microfilament enlargement of secretory
canaliculus, and high density of enlarged mitochondria
in parietal cells, increased zymogen granules and rough
endoplasmic reticulum in principal cells, proliferation of
vascular endothelial cells, microvilli-like appearance of
their surface and basement membrance thickening. Such
gastric mucosal lesions may be associated with gastric
mucosal ischemia caused by microvascular thrombosis due
to excessive polycythemia.
Peptic ulcerations at high altitude: Clinical observations
on the Himalayas and Andes suggest that peptic ulcer
occurs more frequently at high altitude than at sea
level[21,24,42]. At high altitude, the ulceration rate is higher
in gastric ulcer than in duodenal ulcer[43,44]. Berrio et al[42]
reported that 100 cases of GIB have been diagnosed by
endoscopic examinations in General Hospital at La Oroya
(3800 m), gastric ulcer accounting for 33%, duodenal ulcer
accounting for 23%, gastric erosion accounting for 23%,
neoplasias accounting for 2%, respectively. The prevalence
of gastric ulcer increases with increasing altitude, while
the prevalence of duodenal ulcer does not [42]. Upper
digestive hemorrhage is a common complication of peptic
ulceration at high altitude [42,45], the hemorrhagic rate is
20%-66%[9,45].
It is well known that the incidence of gastric ulcers and
bleeding is increasing in high altitude residents chronically
exposed to a hypoxic environment [42,45-47]. In addition,
hypoxic and cold stress-induced gastric mucosal lesion
may explain in part, the high incidence of gastric ulcers in
altitude populations.
In the present 66 cases of GIB, 4 had a previous
history of peptic ulcer. Among them, GIB occurred
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rapidly in 1 patient after using aspirin, suggesting that
persons with known peptic ulceration should not go to
high altitude mountains unless their symptoms have been
well controlled before they go to high altitude mountains
as complications in the field can be fatal[37].
Course and prognosis of altitude GIB
Altitude GIB can be life threatening and acute massive
bleeding due to secondary effects of shock-increasing
anoxia, cellular dysfunction and acidosis at high mountains
may lead to death[4]. We have reported that the mortality
of altitude GIB is as high as 6.8% in Qinghai-Tibetan
Highway construction workers on Mountain Tanggula[4].
The emergency measures taken for acute altitude
GID include early evacuation or just descent with oxygen
inhalation and saline-infusion or blood transfusion. Drugs,
such as H 2 blockers or proton pump inhibitors have
been shown to be more effective in ameliorating GIB[4].
Mountaineers and highlanders should know well about
the symptomatic self care (SSC) for altitude GIB[48], that
is when symptoms such as epigastric pain or dyspepsia are
present, a H2-receptor antagonist is effective for ulcers
and GIB and the current therapy for altitude GIB.
In conclusion, early diagnosis, treatment and evacuation
lead to an early recovery. Death due to altitude GIB can be
avoided if early symptoms and signs are recognized.
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Abstract
AIM: To examine the clinical characteristics of a
subgroup of patients with hepatocellular carcinoma (HCC)
and compare them to those with known risk factors.
METHODS: We used the HCC database of 306 patients
seen at our institution from January 1, 1995 to December
31, 2001. Of the 306 patients, 63 (20%, group 1) had
no known risk factors (hepatitis C virus, hepatitis B virus,
alcohol, hemochromatosis or cirrhosis from any cause)
and 243 (group 2) had one or more risk factors.
RESULTS: The median age was similar in both groups,
but there were disproportionate numbers of younger
(< 30 years old), older (> 80 years) patients, women
(33% vs 18%), and Caucasians (81% vs 52%) in group
1 as compared to group 2. There were fewer Asians (2%
vs 11%) and African Americans (13% vs 27%) in group
1. Abdominal pain (70% vs 37%) was more common
while gastrointestinal bleeding (0% vs 11%) and ascites
(4% vs 17%) were less common in group 1 compared to
group 2. Group 1 had larger tumor burden (median size
9.4 cm vs 5.7 cm) at the time of presentation, but there
were no differences in the site (right, left or bilateral
lesions), or number of tumors between the two groups.
CONCLUSION: HCC patients without identifiable
risk factors have different characteristics and clinical
presentation compared to those with known risk factors.

Absence of cirrhosis and larger tumor burden may
explain the differences in the presenting symptoms.
© 2007 The WJG Press. All rights reserved.

Key words: Hepatocellular carcinoma; Patient characteristics; Risk factors
Dorfman JD, Schulick R, Choti MA, Geschwind JFH, Kamel
I, Torbenson M, Thuluvath PJ. Differences in characteristics
of patients with and without known risk factors for
hepatocellular carcinoma in the United States. World J
Gastroenterol 2007; 13(5): 781-784

http://www.wjgnet.com/1007-9327/13/781.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) is a common cancer in
the world with more than 500 000 new cases reported per
year[1,2]. The disease is unevenly distributed worldwide with
a higher incidence in South-East Asia and Sub-Saharan
Africa than in other regions of the world[1,2]. Although
it is less common in the United States and Western
Europe, there are data to suggest that the incidence may
be increasing secondary to hepatitis C virus (HCV)[1-5].
The common risk factors that predispose to HCC include
hepatitis B virus (HBV), hepatitis C virus (HCV), aflatoxin,
and cirrhosis in general[6-9]. In addition, hemochromatosis,
alcoholism, and non-alcoholic fatty liver disease (NAFLD
cirrhosis) increase the risk of developing HCC[10]. In the
United States, alcoholism and hepatitis C are the leading
predisposing causes of HCC[11]. However, a significant
proportion of patients develop HCC despite the absence
of any known risk factors including cirrhosis. There is only
limited information on the differences in the characteristics
and outcomes of patients with or without risk factors who
develop liver cancer in the USA.
The purpose of this study was to define the clinical
characteristics and presentation of patients without
identifiable risk factors and compare them to those with
known risk factors.

MATERIALS AND METHODS
For the purpose of this study, we studied patients who
www.wjgnet.com
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Table 1 Patient characteristics n (%)
Category
Sex
Male
Female
Age (yr)
Median (range)
< 30
30-39.9
40-49.9
50-59.9
60-69.9
70-79.9
> 80
Unknown
Race
Asian
African American
Caucasian
Hispanic
Other
Unknown
Country
US born
Immigrant
Foreign visitor

Group 1 (n = 63)
42 (67)
21 (33)
66 (18–87)
5 (8)
3 (5)
6 (10)
9 (14)
10 (16)
17 (27)
8 (13)
5 (8)
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Table 2 Symptoms and signs at presentation n (%)
Group 2 (n = 243)
198 (82)
45 (18)
61 (23–87)
3 (1)
10 (4)
35 (14)
65 (27)
76 (31)
44 (18)
7 (3)
3 (1)

1 (2)
8 (31)
51 (81)
1 (2)
1 (1)
1 (1)

27 (11)
66 (27)
125 (51)
8 (3)
12 (5)
5 (2)

58 (92)
2 (3)
3 (5)

201 (83)
28 (11)
14 (6)

P
< 0.05

< 0.01

< 0.05

presented to the Johns Hopkins Hospital with HCC from
January 1, 1995 to December 31, 2001. A retrospective
database was created with the approval of the Institutional
Review Board. Patients with HCC were identified for
inclusion in the database by searching the medical records
using an ICD-9 code for liver cancer (155.0) and the
Database of Pathology Departments using the term
“hepatocellular carcinoma”. The information was collected
on all patients using the hospital’s electronic patient record.
To be included in the study, a patient was 18 years
or older, visited Johns Hopkins Hospital during the
designated period, and had a confirmatory diagnosis
of HCC. HCC was diagnosed based on histological
confirmation or an elevated alpha fetoprotein (AFP) > 400
IU/mL with a liver image showing characteristic features
of HCC. In the absence of elevated AFP or histological
confirmation, characteristic liver image along with a
clinical history compatible with HCC was necessary[12].
A compatible clinical history included known cirrhosis,
HBV or HCV infection, hemochromatosis or history of
alcoholism.
The risk factors for HCC were defined as HBV, HCV,
cirrhosis from any cause (based on imaging and/or liver
histology), aflatoxin, alcoholism, hemochromatosis, premalignant liver tumors and rare metabolic syndromes that
are known to predispose to HCC. Patients without any
known identifiable risk factors were included in group
1 and compared to those patients with one or more risk
factors (group 2).
Statistical analysis was performed with SPSS version
10.0. Statistical tests included chi-square and Student-t
tests. P < 0.05 was considered statistically significant.

RESULTS
Three hundred and six patients were seen with HCC at our
www.wjgnet.com
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Symptoms
Abdominal pain
Fatigue
Anorexia
Nausea and vomiting
Change in bowel habits
Gastrointestinal bleed
None
Signs
Weight loss
Abdominal mass
Jaundice
Fever
Ascites
Encephalopathy
None

Group 1
(n = 46)

Group 2
(n = 217)

32 (70)
7 (15)
7 (15)
7 (15)
3 (7)
0 (0)
8 (17)

81 (37)
39 (18)
22 (10)
23 (11)
15 (7)
24 (11)
85 (39)

12 (26)
4 (9)
3 (7)
3 (7)
2 (4)
1 (2)
25 (54)

38 (18)
14 (7)
26 (12)
14 (7)
37 (17)
19 (9)
113 (52)

P

< 0.001

< 0.05
< 0.01

< 0.05

institution from January 1, 1995 to December 31, 2001.
Of the 306 patients, 63 (20%, group 1) had no known risk
factors (HCV, HBV, alcohol, hemochromatosis or cirrhosis
from any cause) and 243 (group 2) had one or more risk
factors.
Of the 243 patients (group 2) with a known risk
factor for HCC, hepatitis B was documented in 49 (20%),
hepatitis C was present in 110 (45%) and 115 (47%)
acknowledged moderate or abusive alcohol use. Rare
disorders such as Wilson’s disease, porphyria cutaneous
tarda, autoimmune hepatitis, schistosomiasis, and
sclerosing cholangitis were noted in one patient each.
Cirrhosis was documented by histology in 164 (67%).
Demographic data of both groups are shown in Table
1. There was a male predominance in both groups but
there was a higher proportion of females in group 1 (2:1 vs
9:2) compared to group 2. The median age was greater in
group 1 with a disproportionate distribution of patients at
the extremes of age.
Presenting signs and symptoms are shown in Table 2,
with complete data available in 263 of the 306 patients.
The most common presenting symptom in each group
was abdominal pain, but it was more common in group 1.
Other statistically significant differences noted were the
frequency of gastrointestinal bleeding and the presence
of ascites. Weight loss was comparable in both groups.
As expected , HCC was not diagnosed during routine
screening or surveillance in any patient of group 1 but in
46 (21%) of group 2 (P < 0.001).
Diagnostic imaging data revealed differences between
groups 1 and 2 (Table 3). We excluded studies that were
not done at our institution since films were not available
for confirmation. Imaging studies showed a larger tumor
diameter (median 9.3 cm, range 4-25 cm vs 5.7 cm, range
0.7-20 cm) in group 1 than 2. Approximately half of the
patients (52% and 48%) in both groups had a solitary
tumor, and the majority of tumors were located in the
right liver (67% and 60%). A higher proportion of patients
in group 2 had bilateral tumors (7% vs 24%, P = NS).
Portal vein involvement was similar in both groups.
Histological examination demonstrated fibrolamellar
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Table 3 Tumor imaging characteristics

Size
Median (cm)
Minimum (cm)
Maximum (cm)
< 2 (cm)
2.01-5.0
5.01-10.0
> 10.0
Focality
Unifocal
Multifocal
Hemiliver
Right
Left
Bilateral

Group 1

Group 2

n = 24
9.3
4
25
n (%)
0 (0)
2 (8)
13(54)
9 (38)
n = 25
13 (52)
12 (48)
n = 30
20 (67)
5 (17)
5 (7)

n = 159
5.7
0.7
20
n (%)
15 (9)
59 (37)
68 (43)
7 (11)
n = 149
72 (48)
77 (52)
n = 162
97 (60)
27 (17)
38 (24)

Please note that size could not be determined in 6 patients in group 1 and
3 in group 2. Similarly ‘focality’ could not be determined in 5 patients in
group 1 and 13 in group 2.

variant HCC in 6/63 patients of group 1 and 0/243
patients of group 2.

DISCUSSION
In this study, we described the characteristics of patients
who presented to a tertiary care center in the United States
without known risk factors for HCC and compared them
to those with one or more identifiable risk factors. The
patients in group 1 without identifiable risk factors had
a relatively higher proportion of women and Caucasians.
The age distribution of this group was asymmetrical, with
a disproportionate number of patients less than 30 years
old and older than 80 years. The increased frequency of
younger HCC patients in this group could be explained by
the fibrolamellar variant of HCC that is known to affect
younger patients without risk factors. This tumor was
exclusively seen in group 1, 4 out of the 6 patients less than
30 years old had fibrolamellar variant. While fibrolamellar
variant could explain the disproportionate number of
younger patients in group 1, another explanation must be
found for the increased number of patients over the age
of 80 years in this group. It is certainly possible that these
patients may have had occult viral hepatitis or alcohol
use, and examination of liver tissue or peripheral blood
monocytes may have detected occult HBV and HCV
infections in some of them. The retrospective nature of
this study also did not permit us to determine whether
these patients had adequate tests to rule out viral hepatitis.
Another demographic difference between the two groups
of patients was the ratio of males to females. Group 1 had
a relatively higher proportion of female patients, and it is
possible that some of these patients may have progressed
from adenoma.
The clinical presentation was also different in both
groups. Group 2 was more likely to present without any
symptoms (40% vs 17%) and this could be partly explained
by the fact that many of these patients (19%) were
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diagnosed with HCC during surveillance or screening.
Abdominal pain was the most common symptom in both
groups, but it was more common in group 1 and this could
be explained by the larger tumor burden. Despite the
smaller (40% smaller) tumor size in group 2, portal vein
involvement and metastases were similar in both groups,
suggesting that there may be differences in tumor biology.
Our study suggested that there were differences in
patient characteristics, symptoms, and tumor size in
patients who presented with and without known risk
factors for HCC. Absence of cirrhosis and tumor size
may explain the differences in symptoms, and there is a
suggestion that tumor biology may be different in these
groups. The higher proportions of women and older
patients without risk factors remain poorly explained. It
is important to note that our study had all the inherent
weaknesses of a retrospective study. It is more than likely
that a more detailed diagnostic work-up may have revealed
more risk factors in both groups. In addition, we could
not independently confirm the laboratory test results in
many patients. The prospective and complete collection
of data on risk factors and tumor characteristics of
patients diagnosed with HCC will further distinguish the
differences between patients who present with and without
risk factors.
Most patients with HCC have known risk factors such
as HCV, HBV, or cirrhosis. Genetic changes that lead
to HCC are complex and poorly understood, and most
studies have focused on the genetic changes in the ‘high
risk’ population[13,14]. Genetic changes that lead to HCC
take place over 30-50 years, and this may partly explain the
difficulty to define the sequential molecular changes that
lead to HCC. There is increasing circumstantial evidence
that the development of HCC, like most other cancers,
is a multi-step process including inactivation or loss of
tumor suppressor genes, activation or over expression
of multiple oncogenes and heterozygosity of multiple
chromosomes[13-18]. There is experimental evidence that
p53, Rb1 and Wnt pathways are important molecular
pathways involved in the development of HCC. The early
genetic changes may vary depending on the etiology of
liver disease and geographic location. Even in the same
patient, there may be considerable genetic heterogeneity
among different tumor nodules, suggesting that we may
not find a common unifying pathway in the pathogenesis
of HCC. However, accumulating evidence indicates that
hepatocytes with multiple genetic changes may expand
in a clonal fashion leading to dysplastic nodules and liver
cancer. The molecular mechanisms of liver cancer in
patients without known risk factors are difficult to explain.
It is possible that many of these patients have been
exposed to known or unknown carcinogens. Prospective
studies should be designed to identify hitherto unidentified
factors including the role of obesity or non-alcoholic fatty
liver disease, occult HBV or HCV infections and genetic
predisposition.
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Abstract
AIM: To investigate the association between serum
insulin-like growth factor 1 (IGF-1), osteocalcin, and
parathyroid hormone (PTH) levels with the etiology and
clinical condition of patients with chronic liver disease.
METHODS: Eighty children with hepatocellular damage
were divided into 3 groups according to the etiology of
disease infection: bilharziasis (9 patients), hepatitis B
virus (HBV, 12 patients) and hepatitis C virus (HCV, 29
patients). The Child score index was found as A in 24
patients, B in 22 patients, C in 4 patients. Thirty healthy
children served as control group. HBsAg, HBcAbIgM,
HBcAbIgG, and anti-HCV were detected using ELISA
t e c h n i q u e . H C V- R N A w a s m e a s u r e d b y r e v e r s e
transcription polymerase chain reaction (RT-PCR). Antibilharzial antibodies were detected by indirect haemagglutination test. Liver function tests were performed
using autoanalyser. Serum IGF-1, osteocalcin and PTH
levels were measured by ELISA technique. Abdominal
ultrasonography was also conducted.
RESULTS: Serum IGF-1 level was significantly lower
in all patient groups with liver diseases, while serum
osteocalcin and PTH levels were significantly elevated in
patients with HBV and HCV infections compared with the
control group. Serum osteocalcin and PTH concentrations
were measured with the severity of liver disease from
Child A to C. Child A patients unexpectedly showed
significantly reduced IGF-1 levels in comparison to
patients staged as Child B or C. Serum osteocalcin level
was negatively correlated with albumin (14.7 ± 0.54 vs
3.6 ± 0.10, P < 0.05), while that for PTH was positively

correlated with total protein (70.1 ± 2.17 vs 6.7 ± 0.10,

P < 0.05) in patients with HCV infection.

CONCLUSION: Low serum IGF-1 level seems to play
a critical role in the bone loss in patients with chronic
liver disease. Elevated biochemical markers of bone
remodeling suggest high-turnover in patients with viral
infection and reflect severity of the clinical stage.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Bone tissues are metabolically active and underg o
continuous remodeling throughout their life. Skeletal
remodeling is achieved by two counteracting processes:
b o n e f o r m a t i o n w h i ch i s a c c o m p l i s h e d t h r o u g h
osteoblasts and bone resorption that is attributed to
osteoclast activity[1]. Bone manifestations are well-known
as extrahepatic complications of chronic liver disease[2].
Patients with chronic liver disease are at increased risk
of developing hepatic osteodystrophy manifested as
osteomalacia or osteoporosis [3]. Osteoporosis can be
described as a disturbance in the bone remodeling
process. Bone loss is a result of an imbalance of the bone
remodeling process, where bone resorption exceeds bone
formation[4].
The prevalence of osteoporosis in patients with
chronic liver diseases ranges from 10% to 60% [5,6]. In
general, secondary factors such as malabsorption and
nutritional deficiencies may cause bone changes in chronic
liver disease [7]. Insulin like growth factor (IGF) family
is considered as important anabolic hormones, which
play a role in anabolic metabolism and stimulating DNA
synthesis, cell proliferation and meiotic division throughout
life [8]. Since most circulating IGFs are synthesized by
hepatocytes, lower levels of these parameters could be
found in patients with liver diseases[8].
www.wjgnet.com
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Regulation of bone metabolism is achieved by
various factors such as mechanical motion, minerals, and
hormones, all influencing bone turnover[4]. Osteocalcin is a
protein produced by osteoblasts. Its level is reduced in the
presence of osteodystrophia and can be recommended as
a very sensitive and specific marker for bone formation/
turnover[9].
Parathyroid hor mone has a dual effect on bone
cells. It can stimulate osteoblast activity and lead to
substantial increase in bone density. In contrast, when
secreted continuously at relatively high rates, as in
hyperparathyroidism patients it can stimulate oseoclastmediated bone resorption and suppress osteoblast
activity[1]. The anabolic effect of parathyroid hormone
(PTH) on osteoblasts is probably both direct and indirect
via growth factors such as insulin like growth factor-1
(IGF-1) and transforming growth factor-β (TGF-β)[1].
However, the role of hepatocellular dysfunction in
hepatic osteodystrophy is not clear. Therefore, this study
aimed to clarify the influence of hepatocellular dysfunction
on bone loss, and to outline the clinical benefits of
controlling serum IGF-1, osteocalcin and parathyroid
hormone levels in children with chronic liver diseases.

MATERIALS AND METHODS
Eighty children were enrolled in this study, from Liver
Institute, Menoufyia University Inpatient and Outpatient
Clinic and divided into: (1) Bilharziasis group: 9 patients
(males whose age ranged from 6 to 15 years). (2) HBV
group: 12 patients (10 males and 2 females whose age
ranged from 3 to 15 years). (3) HCV group: 29 patients (22
males and 7 females whose age ranged from 2 to 16 years).
(4) Control group: 30 apparently healthy children (22 males
and 8 females whose age ranged from 3 to 15 years) with
no history or clinical evidence of liver disease or any other
diseases. (5) History was obtained from all individuals and
clinical examination was carried out.
Specimen collection
Under complete aseptic condition, 5 mL of blood was
taken from all the patients and controls. Each blood
sample was divided into two portions: a small portion
(1.8 mL) was taken on 3.8% Na-citrate as anticoagulant
(0.02 mL ) to obtain plasma and a larger portion of blood
sample was allowed to clot. Sera were separated and
stored at -80℃ till being tested, while the plasma sample
was used immediately to measure prothrombin time and
concentration.
Serological test
Hepatitis surface antigen (HBsAg), hepatitis B core
antibody IgM (HBcAb IgM) and hepatitis B core antibody
IgG (HBcAb IgG) were measured by ELISA technique
using kits from Dia-Sorin Biomedica Co., according to
the methods of Boniolo et al[10], Tedder and Wilson[11] and
Hoofangle et al[12] respectively.
Anti-HCV was detected by third generation of ELISA
using kit from the Biochem ImmunoSystem Inc[13], HCVRNA extraction was carried out by reverse transcription
polymerase chain reaction (RT-PCR) according to the
www.wjgnet.com

February 7, 2007

Volume 13

Number 5

Table 1 Serum IGF-1, osteocalcin and PTH levels in patient
groups and control group (mean ± SE)
Control
(n = 30)

Bilharziasis
(n = 9)

HBV
(n = 12)

HCV
(n = 29)

IGF-1 (ng/mL)
277.1 ± 12.2 94.0 ± 4.30b 105.1± 10.3b 230.0 ± 10.5b
Osteocalcin (ng/mL)
5.7 ± 0.3
6.8 ± 0.66 16.5 ± 0.76b 14.7 ± 0.54b
PTH (ng/mL)
61.6 ± 2.7 63.3 ± 3.03 83.4 ± 4.30b 70.1 ± 2.17a
a

P < 0.05, bP < 0.01 vs control group.

method described by Ravaggi et al [14] . Anti-bilharzial
antibodies were detected by indirect haem-agglutination
test (IHA) according to the method of Hoshino et al[15],
using kits of Fumoze-France.
Liver function tests
Serum AST, ALT, alkaline phosphatase (ALP), GGT ,
total and direct bilirubin, total protein, and albumin levels
were measurd using EKTOCHEM 750XRC analyzer.
Prothrombin time and concentration were also estimated
in plasma according to the method of Poller[16].
Biochemical markers of bone turnover
Serum insulin like growth factor-1 (IGF-1), osteocalcin
and PTH levels were measured by ELISA technique using
kits of BioSource-Belgium[17-19].
Abdominal ultrasonography
To assess the size and echopattern of the liver, the size
of the spleen and the presence of ascitis or any other
abnor malities in the abdomen were detected using
RT-X200 Prob 3.5 MHZ convex of General Electric
Company -USA.
Statistical analysis
The obtained data are presented as mean ± SE. The
difference between two groups was calculated using
unpaired t-test, while the difference between more than
two groups was calculated using one way analysis of
variance ANOVA according to Snedecor and Cochran[20].
Least significant difference (LSD) test was used to
compare the means of Child classification according to
Walter and Duncan[21] at probability 0.05.

RESULTS
Patients with chronic liver diseases were divided into three
groups according to the etiology: group 1 (9 patients with
bilharziasis whose mean age was 10.8 ± 1 years), group 2 (12
patients with HBV whose mean age was 11.5 ± 0.6 years,
and group 3 (29 patients with HCV infection whose mean
age was 11.8 ± 1.5 years). Thirty children whose mean age
was 10.5 ± 0.5 years and were sex matched with normal
liver served as control group.
Table 1 depicts the results of serum IGF-1, osteocalcin
and PTH levels in patients with either bilharziasis or
HBV and HCV infections as well as in controls. The
results revealed that patients with bilharziasis and those
with either HBV or HCV infections showed a significant
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Table 2 Liver function tests in different patient groups and
control group (mean ± SE)
Control
(n = 30)
ALT
(U/L)

20.5 ± 0.9

Bilharziasis
(n = 9)
a

38.0 ± 6.8

a

HBV
(n = 12)
a

72.6 ± 12.4

a

Severity

A
(n = 24)

B
(n = 22)

C
(n = 4)

LSD at 0.05

IGF-1
(ng/mL)

152.6b ± 7

186.8a ± 20.3

196.0a ± 36.4

32.67

a

107.0 ± 28.1

a

18.4 ± 0.8

46.0 ± 7.5

71.2 ± 10.8

120.0 ± 21.8

ALP
(U/L)

74.0 ± 9.3

82.0 ± 11.8

214.0 ± 41.2a

165.0 ± 28.9a

a

Table 3 Alterations in serum IGF-1, osteocalcin and PTH
levels according to the severity of the disease from class A to C
(mean ± SE)

HCV
(n = 29)

AST
(U/L)

a

GGT
(U/L)

26.0 ± 2.1

37.6 ± 9.9

54.0 ± 1.5

59.9 ± 11.1

T. bilirubin
(mg/dL)

0.84 ± 0.03

0.9 ± 0.16

1.8 ± 0.20a

1.3 ± 0.13a

T. protein
(mg/dL)

6.9 ± 0.10

7.1 ± 0.30

6.8 ± 0.20

6.7 ± 0.10a

Albumin
(mg/dL)

4.0 ± 0.06

3.9 ± 0.10

3.5 ± 0.19a

3.6 ± 0.10a

Prothrombin
(%)

93.0 ± 1.3

77.0 ± 4.0a

69.0 ± 6.0a

65.6 ± 2.50a

787

Osteocalcin
(ng/mL)

12.6b ± 0.9

14.6a ± 0.9

15.8a ± 1.2

1.73

PTH
(ng/mL)

71.3b ± 3.0

70.3b ± 2.7

86.5a ± 4.3

5.36

Within each row the means followed by different letters are significantly
different. LSD: Least significance difference. aP < 0.05, bP < 0.01 vs control
group.

Table 4 Effect of age and sex on serum IGF-1, osteocalcin and
PTH (mean ± SE)
Age (yr)

a

P < 0.05 vs control group.

decrease (P < 0.01) in serum IGF-1 level compared to
the controls. The most significant decrease in serum
IGF-1 was recorded in patients with bilharziasis followed
by HBV-infected and HCV-infected patients. Serum
osteocalcin level showed a significant increase (P < 0.01)
in patients with HBV and HCV infection compared
to the controls. The most significant increase in serum
osteocalcin level was observed in HBV-infected patients.
Patients suffering from bilharziasis had no significant (P
> 0.05) change in serum osteocalcin level compared to the
controls. Serum PTH level was significantly increased in
HBV-infected patients (P < 0.01) and in those with HCV
infection (P < 0.05) compared to the controls. No significant
change in serum PTH level was detected in patients with
bilharziasis compared to the controls (Table 1).
Liver function tests in patients with bilharziasis or
HBV and HCV infection as well as in the control are
presented in Table 2. Serum ALT and AST activities
showed a significant (P < 0.05) increase in all patient
g roups compared to the control g roup. The most
significant increase in serum ALT and AST activities was
recorded in the patients suffering from HCVinfection.
The activities of ALP, GGT and total bilirubin in serum
revealed a significant increase (P < 0.05) in patients with
HBV and HCV infection compared to the control, while
no significant change (P > 0.05) was recorded in patients
with bilharziasis as compared to the control group. Serum
total protein level showed significant decrease (P < 0.05) in
patients with HCV infection, whereas patients with either
bilharziasis or HBV had no significant (P > 0.05) change
as compared to the control (Table 2). Serum albumin
level revealed a significant (P < 0.05) decrease in patients
suffering from either HBV or HCV infection compared to
the control. No significant change in serum albumin level
was observed in patients with bilharziasis compared to the
control. Patients suffering from either bilharziasis or HBV
and HCV infection had a significant (P < 0.05) decrease in

3-9

10-16

Sex

P

Male

Female

P

IGF-1
153.2 ± 59.3 182.6 ± 84.5 0.268 175.2 ± 84.2 177.1 ± 58.4 0.948
(ng/mL)
Osteocalcin 13.8 ± 4.7
13.7 ± 4.2 0.941 13.1 ± 4.1 16.4a ± 4.1 0.037
(ng/mL)
PTH
71.1 ± 14.0 72.3 ± 13.8 0.786 73.1 ± 13.8 67.2 ± 13.1 0.249
(ng/mL)
a

P < 0.05 vs males.

prothrombin concentration compared to the control. The
most significant decrease in prothrombin concentration
was detected in HCV-infected patients (Table 2).
Alterations in serum IGF-1, osteocalcin and PTH
level according to the severity of the disease from Child
class A to C are depicted in Table 3. Significant (P < 0.05)
change was detected in the three serum markers (IGF-1,
osteocalcin and PTH) in each grade of the disease. The
mean values of the three serum markers were markedly
increased with the severity of the disease and the highest
value was recorded in Child class C of the disease using
LSD at probability 0.05.
Noteworthy, our results revealed that serum IGF-1,
osteocalcin and PTH levels were not age or sex dependent
except for osteocalcin level which was higher in females
(Table 4).
On correlating the three bone markers with each
other and liver function indices using Pearson correlation,
there was only significant negative correlation between
serum osteocalcin and albumin (r = -0.409, P = 0.027)
and significant positive correlation between PTH and
total protein (r = 0.451, P = 0.014) in patients with
HCV infection (Figure 1A and B), while no significant
cor relation was recorded between IGF-1, PTH or
osteocalcin in our patients.

DISCUSSION
Patients with chronic liver disease are prone to develop
hepatic osteodystrophy. In the majority of cases it is
www.wjgnet.com
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Figure 1 Correlation coefficient between serum osteocalcin and albumin levels (A)
& between serum PTH and total protein levels (B) in patients with HCV infection.

characterized by development of osteoporosis and/or
osteomalacia with possible persistence of minor or major
disability [3]. Osteoporosis reflects loss of bone (both
matrix and its mineral) and osteomalacia is due to defective
mineralization of osteoid[22]. Osteoporosis is a frequent
complication of end-stage liver disease irrespective of
its etiology. The prevalence varies between 9% and 60%,
the highest being observed in cholestatic disorders and
alcoholic liver disease[23].
The present study aimed at elucidating the influence of
bilharziasis, hepatitis B or C infections on the development
of osteoporosis in children. Serum levels of IGF-1,
osteocalcin and PTH were measured and correlated with
the routine liver functions as well as the child-pough score.
The results of the present work showed that serum IGF-1
level was significantly decreased in all children infected
with bilharziasis, HBV and HCV, while unexpectedly
it showed significant increase with the severity of liver
diseases from A to B or C classification but its level was
still lower than that in the control.
These results are greatly supported by the finding of
Hassan et al[24] who showed a significant reduction in the
level of IGF-1 in children with schistosomiasis with or
without hepatic fibrosis. Also, our results are in agreement
with the findings of Orsini et al[25] who found similar results
in hepatosplenic schistosomiasis patients and the results of
Mazziotti et al[26] in patients with hepatocellular carcinoma
(HCC) and hepatitis C vir us-related cirrhosis. The
www.wjgnet.com
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reduction in IGF-1 level also can precede the diagnosis of
HCC[26]. Similarly, decreased serum IGF-1 level has been
recorded both in patients with viral cirrhosis[9,27] and in
patients with hepatitis B infection without cirrhosis[28].
In schistosomiasis patients with hepatic fibrosis, the
depressed circulation of IGF-1, free T4 and growth
hor mone may be responsible for stunted stature [24] .
Moreover, low ser um IGF-1 level in hepatosplenic
schistosomiasis patients has been found to be related to
the clinical form of hepatosplenic schistosomiasis[25]. The
level of IGF-1 is elevated in patients with schistosomiasis
with or without liver fibrosis and relates to its clinical
form[25], suggesting that the severity of liver dysfunction
can affect the level of IGF-1. As liver function of patients
with bilharziasis is usually better than those with cirrhosis
due to HBV and HCV infection and usually scored as
child A, this may partly explain the relatively unexpected
low level of IGF-1 in our patients with less sever liver
affection (child A group).
The present study recorded a significant increase in
serum osteocalcin level in patients with viral hepatitis
infection only. Also a negative correlation was obtained
with the level of serum albumin in patients with HCV
infection. Moreover, ser um osteocalcin level was
significantly increased in child B and C patients than in
child A patients.
It has been reported that serum osteocalcin level is
higher in cirrhotic patients than in control, suggesting that
cirrhotic patients have high bone turnover. In addition,
osteodystrophy associated with hepatic cirrhosis is due
to a defect in alpha-hydroxylation (1, 25(OH)2D) by the
kidney due to the decrease in its primary substrate, the
liver 25(OH)2D. This could be attributed to the reduced
availability of vitamin D, inadequate conversion of vitamin
D to 25(OH)2D, accelerated metabolism of 25(OH)2D,
and urinary loss of 25(OH)2D with its transport protein[29].
However, some studies reported that serum osteocalcin
level is low in cirrhotic patients and osteopenia in these
patients is not due to a decrease in bone formation[30,31],
but may be a consequence of hepatic osteodystrophy due
to low plasma vitamin D and calcium levels[31].
Concerning the changes in serum PTH level, the
present study recorded significant increase in patients
with Hepatitis B and C infections. As regard a positive
correlation was obtained with serum total protein level
among the group of HCV infection. Moreover, serum
PTH was significantly increased in class B and C patients
than patients of class A.
In hepatocellular dysfunction some previous studies
reported that serum PTH level is high in patients with
primar y biliar y cirrhosis [32] , liver cirrhosis [33] , HBV
infection [34], as well as in dogs with schistosomiasis [35]
and in children with cholestatic and non-cholestatic liver
disease[36]. On the other hand, other studies reported that
PTH is unchanged in patients with chronic viral liver
disease [37] and post hepatic cirrhosis [38]. Kirch and coworkers[33] have found a significant correlation between
PTH and the parameters of liver functions such as
prothrombin, albumin and bilirubin, suggesting that
the increasing PTH level is related to liver dysfunction.
This may explain why the elevation of PTH level is due
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to the impaired liver function rather than secondary
hyperparathyroidism[33]. Moreover, elevated PTH-related
protein was obser ved with hyperglobulinemia and
hypoalbuminemia in dogs with schistosomiasis[35], and this
may explain the obtained positive correlation between
PTH and serum total protein levels in patients with HCV
infection due to hyperglobulinemia observed in our study.
Hepatic osteodystrophy (HOD) begins at the stage
of chronic non-cirrhotic liver injury and bone loss is
connected with liver damage, suggesting that the principal
pathogenesis of HOD is attributed to intestinal Camalabsorption as a result of low serum albumin and
villous atrophy[39]. Lower ionized calcium resulting from
deficient intestinal absorption due to low 25(OH)2D, leads
to increase in PTH level[36].
The significant rise in serum osteocalcin level in our
female patients indicated that their bone turnover was
accelerated. This result is in agreement with Steinberg
et al[40] who found that female sex is a risk factor for bone
turnover and low bone density.
In conclusion, serum IGF-1, osteocalcin and PTH
appear to be markers of bone metabolism in children
with hepatocellular damage. Low level of IGF-1 seems to
play a role in the bone mass loss in patients with chronic
liver disease. Elevated biochemical markers of bone
remodeling suggest high bone turnover in children with
viral infections. Fortification of diet by ergocalciferol is
essential in patients with chronic liver disease and regular
bone density measurements are necessary in these patients.
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Abstract
AIM: To investigate potential roles of per rectal portal
scintigraphy in diagnosis of esophageal varices and
predicting the risk of bleeding.
METHODS: Fifteen normal subjects and fifty cirrhotic
patients with endoscopically confirmed esophageal
varices were included. Patients were categorized into
bleeder and non-bleeder groups according to history
of variceal bleeding. All had completed per rectal
99m
portal scintigraphy using
Technetium pertechnetate.
The shunt index was calculated from the ratio of
99m
Technetium pertechnetate in the heart and the liver.
Data were analyzed using Student’s t -test and receiver
operating characteristics.
RESULTS: Cirrhotic patients showed a higher shunt
index than normal subjects (63.80 ± 25.21 vs 13.54 ±
6.46, P < 0.01). Patients with variceal bleeding showed a
higher shunt index than those without bleeding (78.45 ±
9.40 vs 49.35 ± 27.72, P < 0.01). A shunt index of over
20% indicated the presence of varices and that of over
60% indicated the risk of variceal bleeding.
CONCLUSION: In cirrhotic patients, per rectal portal
scintigraphy is a clinically useful test for identifying
esophageal varices and risk of variceal bleeding.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Esophageal variceal bleeding is a serious and potentially
life-threatening complication of liver cirrhosis [1-4]. No
simple noninvasive method which accurately predicts
esophageal variceal bleeding is available so far and
endoscopists have had to perform endoscopy every 3
to 6 mo to evaluate patients with previously bleeding
esophageal varices[5,6]. However, this approach is costly and
not all patients with liver cirrhosis and esophageal varices
are good candidates for such procedures[7].
Per rectal portal scintigraphy is a noninvasive method
for evaluation of portosystemic shunting using portal
shunt index (SI) calculated from radioactivity curves of the
liver and the heart. In humans, such an SI shows a good
correlation with portal pressure measured by percutaneous
transhepatic portography or intraoperative method [8].
Portal scintigraphy is also clinically useful, especially in
establishing prognosis of cirrhotic patients with varying
shunt indices[9]. Evaluating portal pressure using per rectal
portal scintigraphy may be easily performed and might
provide information on risk of variceal bleeding.
The aim of this study was to determine the benefit
of per rectal portal scintigraphy for evaluation of
non-bleeding esophageal varices, bleeding esophageal
varices and normal control subjects. We also compared
different portal shunt indices, Child-Pugh grades and
endoscopic appearances in various groups and examined
the correlation between the portal SI and risk of variceal
bleeding.

MATERIALS AND METHODS
Normal subjects and patients
Normal subjects: Normal adult volunteers of both
sexes, with a minimum age of 18 years, were recruited. An
attempt was made to obtain subjects in well distributed
age groups, and equal in number for both sexes. All of
the subjects were in good health, with no history of the
liver and vascular diseases, or use of medication, alcohol
or any substances that might affect the liver. The liver
function test was normal, and tests for viral hepatitis (B,
C) were negative or revealed immunized status. Hepatic
ultrasonography was also performed to rule out structural
liver disease or hepatocellular carcinoma.
www.wjgnet.com
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Patients: Cirrhotic patients of either alcoholic or viral
in etiology who had signs of portal hypertension, and a
history or physical signs suggesting esophageal varices, or
even esophageal variceal bleeding, were asked to participate
in this study. Only patients with endoscopically confirmed
esophageal varices were included. The esophageal varices
were graded according to criteria developed by the
Japanese Research Society for Portal Hypertension [10].
Thorough medical examination and interview for the
history of gastrointestinal bleeding were performed. Only
cirrhotic patients with esophageal varices were included
in this study. The initial laboratory tests performed in
this study included complete blood count, liver function
test, viral hepatitis (B, C) profile, and renal function
test. All patients were graded according to Child-Pugh
classification. The etiology of bleeding was considered to
be variceal if either actively bleeding varices were observed
by endoscopy or if varices were endoscopically found
without other sources of bleeding.
Informed consent were obtained from all patients and
the protocol was in conformity with the ethical guidelines
of the Declaration of Helsinki and the Clinical Research
Committee at Chiang Mai University Hospital.
Measurement of the portal shunt index
The procedure used for per rectal portal scintigraphy was
the same for both normal subjects and cirrhotic patients[9].
After fasting overnight for at least 6 h, the rectum was
emptied by administration of laxatives (unison enema 100
mL). A polyethylene device (Terumo® feeding tube Fr.8)
was inserted deep into the rectum with the tip of the tube
being placed in the upper rectum, 20 cm above the anal
verge, to avoid absorption into the systemic circulation via
the inferior rectal vein in the lower rectum. To generate
time-activity curves, a gammascinti camera with a large
field of view (Apex SP4, El-Scint Co., Israel), equipped
with a low-energy, multipurpose, parallel-hold collimator
was used. The collimator was positioned over the patient’s
abdomen so that the field of view would always include
the heart, the liver, and the spleen. Ten millicuries (2 mL)
of 99mTechnetium pertechnetate, followed by 15 mL of
air, was infused into the rectum through the tube. The
sequential images were generated from counts in their
areas of interest (AOI). For color display, the summed
images were reconstructed by grouping of 20 s per image
from the original 60 images. 99mTechnetium pertechnetate
is commonly used in diagnostic scanning and imaging
both in clinics and research. The procedure is safe and
readily applicable because of the amount and short half
life of radioactive substance used. Portal pressure increases
shortly after an episode of variceal bleeding [11] and is
stable over 72 h after bleeding[12]. Therefore, per rectal
portal scintigraphy in patients of the bleeding group was
performed 72 h after bleeding when the portal pressure
returned to baseline level in order to determine the risk of
that episode of bleeding.
Calculation of the portal shunt index
To calculate the amount of blood that entered the portal
system and went to the liver and the heart, we used the
www.wjgnet.com
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portal SI [8]. This index was derived from the ratio of
99m
Technetium pertechnetate in the heart and the liver at
the exact time as shown in the following equation.
( n + 25 ) / 5

SI =

∑ x (H )
0

( n + 25 ) / 5

∑
0

xi

i

( L) +

( n + 25 ) / 5

∑ x (H )
0

× 100%

i

n = time at which radionuclides appeared in the area of
the liver (s).
n′ = time at which radionuclides appeared in the area
of the heart (s).
Xi (L) = the count per 5 s over the AOI of the liver.
Xi (H) = the count per 5 s over the AOI of the heart.
In normal portal circulation, the transit time of blood
circulation from the liver to the heart via hepatic veins and
inferior vena cava was 18-26 s, and the scinti images were
acquired in 5 s per image. The SI was calculated at the
time of n + 25 s. The results were shown as the pattern of
time-activity curves and summed-images.
Statistical analysis
Results were expressed as mean ± SD. The significance of
difference between mean values was evaluated by Student’s
t-test. Differences with probability values of less than
0.05 were considered to be significant. The selection
of an appropriate cutoff point of portosystemic shunt
for the presence of esophageal varices and the risk of
variceal bleeding was analyzed by the receiver operating
characteristic (ROC)[13].

RESULTS
The normal control group consisted of eight male and
seven female subjects (aged 28-59 years, mean 44.3 years).
Fifty cirrhotic patients (45 males and 5 females), of various
etiologies, aged between 30 and 70 years (mean 46.9 years)
were recruited in this study. The baseline characteristics of
all study patients are shown in Table 1. The patients were
categorized into two groups according to their history of
variceal bleeding, namely a non-bleeding group including
25 patients and a bleeding group with 25 patients. Bleeding
was the first episode in all 25 patients in the bleeding
group. All patients had received neither endoscopic variceal
surveillance nor prophylactic treatment to prevent variceal
bleeding. The two groups of patients showed similar
baseline characteristics with the exception of alanine
aminotransferase, total bilirubin, and prothrombin time.
The severity of liver disease in the bleeding group was
higher than that of the non-bleeding group. In the nonbleeding group, etiologies of liver disease were alcoholic in
9, hepatitis viral B in 6, hepatitis viral C in 5, and alcoholic
and virus in 5 cases. In the bleeding group, etiologies of
liver disease were alcoholic in 20, hepatitis virus B in 3,
and alcoholic and virus in 2 cases. The mean SI in normal
subjects was 13.54% ± 6.46%. For the cirrhotic patients,
the mean SI was 63.80% ± 25.21%. Normal subjects were
found to have significantly lower average SI than cirrhotic
patients with esophageal varices (P < 0.01). If cirrhotic
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Table 1 Baseline characteristics of the study patients
				
				
Age (yr)			
Sex (M/F)			
Presence of ascites (%)		
Hepatic encephalopathy (%)
Serum albumin (g/dL)		
Alanine aminotransferase (U/L)
Serum bilirubin (mg/dL)
Prothrombin time (s)		
Etiology of cirrhosis
Alcohol		
Hepatitis B virus
Hepatitis C virus
Alcohol and virus
Child-Pugh A		
B		
C		
b

Control		
(n =15)		

Non bleeder
(n = 25)		

Bleeder
(n = 25)

44.27 ± 8.48
8/7		
0		
0		
4.55 ± 0.26
18.93 ± 4.03
0.65 ± 0.19
-		

49.32 ± 10.25
20/5		
10 (40)		
0		
3.16 ± 0.54
51.88 ± 45.9
2.49 ± 1.16
2.67 ± 1.02

44.25 ± 8.86
25/0
7 (28)
3 (12)
2.76 ± 0.83
77.12 ± 61.41b
5.27 ± 6.55b
3.27 ± 2.43b

-		
-		
-		
-		
-		
-		
-		

9		
6		
5		
5		
13		
9		
3		

20
3
0
2
8
9
8

P < 0.01 vs bleeder and non bleeder group.

P < 0.01
P < 0.01

49.35 ± 27.72

100

78.45 ± 9.40

SI (%)

80
60
40
13.54 ± 6.46
20
0
Normal

Non-bleeder

Bleeder

Figure 1 Comparison of portal shunt index in normal subjects and cirrhotic
patients, with and without variceal bleeding. Data shown as mean (horizontal bar)
± SD (vertical bar).

patients were grouped as non-bleeding and bleeding,
the mean SIs were 49.35% ± 27.72% and 78.45% ±
9.40%, respectively. The average SI in bleeding group was
significantly higher than in non-bleeding group (P < 0.01),
as shown in Figure 1.
Analysis was done to discover any difference in
SIs when the patients were sub-grouped according to
etiologies (i.e. alcoholic, viral, or both), presence of ascites,
endoscopic appearances and Child-Pugh grade. Details are
shown in Table 2. The mean SI was 78.87% ± 22.05% in
cirrhosis from alcohol, 56.67% ± 24.08% in cirrhosis from
virus, and 41.23% ± 23.47% in cirrhosis from alcohol plus
viruses. The average SI in the etiology group of alcohol
significantly differed from that of virus, and also that of
alcohol plus virus (P < 0.05). The mean SI was 62.87% ±
28.62% in cirrhotic patients without ascites and 65.92%
± 23.64% in cirrhotic patients with ascites. The difference
between both groups was not significant (P = 0.35). We

used Child-Pugh classification to estimate the severity of
liver disease in both bleeding and non-bleeding groups as a
whole. The mean SI was 52.60% ± 25.31% in Child-Pugh
grade A, 69.29% ± 22.34% in Child-Pugh grade B, and
76.64% ± 22.01% in Child-Pugh grade C. The SI in ChildPugh grade A differed significantly (P < 0.05) from those
in Child-Pugh grades B and C. Although the SI in ChildPugh grade B seemed to be lower than that in Child-Pugh
grade C, the difference was not statistically significant (P =
0.20).
Portal shunt index and endoscopic appearances of esophageal varices
The esophageal varices were endoscopically graded
according to the Japanese Research Society for Portal
Hypertension by color, forms, location, diameters, and the
red color sign (RCS). Variceal forms were classified into
three types: straight (F1), enlarged tortuous (F2), and largest
sized (F3). The mean SI was 57.03% ± 27.63% in F1 group,
67.47% ± 24.99% in F2 group, and 72.65% ± 8.77% in F3
group (Table 2). Mean SI in F3 group was higher than in
F2 and F1 groups. The difference between the groups was
statistically significant (P < 0.05). Mean SI in RCS-negative
group was 52.94% ± 26.31% and in RCS-positive group
was 68.16% ± 23.78%. The difference between both
groups was not significant (P = 0.054).
Portal shunt index and risk of esophageal variceal bleeding
The receiver operating characteristic (ROC) showed the
cutoff point of portal SI between normal subjects and
cirrhotic patients at 20% with a 90.0% sensitivity and
53.3% specificity. The cutoff point of portal SI between
the cirrhotic patients with and without variceal bleeding
was 60% with a 96.0% sensitivity and 72.0% specificity
(Figure 2). Basically, the cirrhotic patients with esophageal
varices who had a portal SI of more than 60% might have
high risk of variceal bleeding, and the patients who had a
portal SI more than 20% were likely to develop esophageal
varices.
www.wjgnet.com
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Table 2 Portal shunt index in cirrhotic patients according to
the etiologies of cirrhosis, presence of ascites, Child-Pugh grade
and endoscopic appearances
				

n

Portal shunt
index (%)

Etiology of cirrhosis
Alcohol			
Virus1			
Alcohol with virus1		
Ascites
Absence			
Presence			
Severity of liver diseases
Child A
			
Child B
			
Child C
Endoscopic appearances
F1
			
F2
		
F3
			
RCS-positive
			
RCS-negative

29
14
7
33
17
21
18
11
14
20
16
27
23

78.87 ± 22.05
56.67 ± 24.08
41.23 ± 23.47
62.87 ± 28.62
65.92 ± 23.64
52.60 ± 25.31
69.29 ± 22.34
76.64 ± 22.01
50.03 ± 27.63
67.47 ± 24.99
72.65 ± 8.77
68.16 ± 23.78
52.04 ± 26.31

					

1

Including hepatitis B virus and hepatitis C virus.

A
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1.0

Cut off point at SI = 20%

0.6

0.4

0.2

0.0

0

0.2

0.4

0.6

0.8

1.0

1-specificity

B

DISCUSSION

1.0

0.8
Cut off point at SI = 60%
Sensitivity

In this study, we used per rectal portal scintigraphy to
detect and investigate portosystemic shunting in order to
determine the difference among the bleeding, the nonbleeding cirrhotic and the normal control groups. We
found that the SI was higher in the bleeders compared
with other groups. The SI correlated with the severity of
liver disease and the size of esophageal varices. Bleeding
from the varices was a major complication of portal
hypertension that may vary according to the severity
of portal hypertension. The cumulative survival rate of
patients with esophageal varices was significantly lower
than that of patients without varices[14]. The cumulative
survival rate of patients with portosystemic shunting seen
by scintillation splenoportography was also significantly
lower than that of patients without such a shunt [15].
Many factors could potentially be used to predict variceal
bleeding in cirrhotic patients with esophageal varices.
These predictors include the following: (1) local factors
such as variceal size, vessel radius, or red color sign; (2)
hemodynamic factors: portal pressure > 12 mmHg, blood
volume, and collateral blood flow; and (3) severity of liver
disease[10]. In general, the direct measurement of portal
pressure is performed invasively and not readily available
in many clinical settings. In those circumstances, indirect
measurement of portal pressure, such as portosystemic
shunt evaluation may be used instead. Recently, various
methods of measuring portosystemic shunt have been
developed, and the relationships between the risk of
variceal bleeding and the extent of portosystemic shunt
have been studied.
Per rectal portal approach in the measurement of
portal circulation using various radionuclides has been
described as a relatively non-invasive method by many
researchers [9,16-19] . In our present study, we chose to
perform non-invasive per rectal portal scintigraphy using
99m
Technetium pertechnetate because this radionuclide
is well absorbed by the rectum, has a short half life and
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Figure 2 ROC curves of the portal shunt indices. A: Between normal subjects and
cirrhotic patients with esophageal varices; B: Between cirrhotic patients with and
without variceal bleeding (bleeder vs non-bleeder). + Indicates a cutoff point with
maximum discrimination.

large doses could be used[20]; it also generates images useful
for diagnosis and is economical. The SI from per rectal
scintigraphy also correlated well with the degree of portal
pressure[9]. In this study, the mean SI in cirrhotic patients
with esophageal varices was significantly higher than
that in normal subjects. The cutoff level of SI indicating
development of esophageal varices derived from the ROC
was 20%. All six cirrhotic patients with esophageal varices
whose SIs were less than 20% belonged to Child-Pugh
grade A and had less severe variceal forms without red
color signs than patients with esophageal varices and an
SI more than 20%. None of these six patients with small
varices bled.
We also studied the association between Child-Pugh
class, etiology of cirrhosis and portal scintigraphy in
cirrhotic patients with esophageal varices. The mean SI
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in Child-Pugh grade C was higher than that of ChildPugh grade B and grade A, with a significant difference
between grade C and A. The SI tended to be higher in
patients with more severe liver disease. Because the ChildPugh classification correlated well with the severity of liver
disease, serial measurement of portal circulation by SI
might be helpful in investigating the progress of cirrhosis.
The SI in alcoholic cirrhosis was significantly higher than
other etiologies because of more severe liver disease in
alcoholic group. The SI in patients with alcohol and virus
cirrhosis was lower compared with cirrhosis induced by
alcohol or virus alone. This might possibly result from the
small number of patients in alcohol with virus group. The
SIs in cirrhotic patients with and without ascites were not
significantly different. In comparison of the SI in different
variceal forms, there were significant differences among
the size of varices. Higher SIs were found in patients
with higher variceal forms. There was a good relationship
between SI and the size of esophageal varices.
The SI values in the present study were significantly
different in cirrhotic patients with and without variceal
bleeding. It was presumed that an increasing flow of
blood through the collateral of inferior mesenteric veins
measured by portal scintigraphy reflected the increasing
pressure in the portal system, the development and the
size of esophageal varices. This increasing pressure was at
a certain level, adequately high for the varices to rupture.
So the higher the SI, the higher was the risk of bleeding. In
this study, the SI was clearly demonstrated to be a useful
predictor of the risk of bleeding. By ROC, an SI of more
than 60% correlated with esophageal variceal bleeding. We
presumed that if cirrhotic patients had an SI of more than
20%, they would have adequate portal pressure to develop
the esophageal varices, and if the SI was more than 60%
they carried the risk of variceal bleeding. However, further
prospective, longitudinal studies are needed to confirm
these results.
In conclusion, this study suggests that portosystemic
shunt, represented by the SI and evaluated by per rectal
portal scintigraphy, is higher in cirrhotic patients with
esophageal varices. The magnitude of blood shunting
through these tributaries correlates well with the etiology
and severity of cirrhosis and the risk of variceal bleeding.
An SI of more than 60% in cirrhotic patients with
esophageal varices reflects a high risk of variceal bleeding.
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Abstract
AIM: To unravel the possible association of malondialdehyde (MDA) and fructosamine in anemic H pylori
infected patients and to observe the alteration in MDA
and fructosamine levels in these patients after treatment
for one month.
METHODS: Fructosamine, MDA and glucose were
estimated in 22 anemic H pylori infected patients and
16 healthy controls. Hematological parameters were
also evaluated in both the groups using Sysmex-K-100
automated cell counter. The H pylori infected patients
were randomly divided into two groups. H pylori infected
patients in GroupⅠreceived both iron supplementation
and anti-H pylori therapy, while patients in Group Ⅱ
received only iron supplementation. All the biochemical
and hematological parameters were estimated after one
month of treatment.
RESULTS: In anemic H pylori infected patients, while
MDA (5.41 ± 2.16 vs 2.26 ± 0.50; P < 0.05) and
fructosamine (2.64 ± 0.93 vs 1.60 ± 0.35; P < 0.05)
were significantly increased, iron (32.72 ± 14.93 vs
110.25 ± 26.58; P < 0.05), hemoglobin (6.9 ± 2.6 vs
12.66 ± 0.74; P < 0.05) and ferritin (28.82 ± 16.27
vs 140.43 ± 30.72; P < 0.05) levels were significantly
decreased compared with the controls. With partial
correlation analysis, fructosamine was found to have a
significant positive correlation with MDA. In GroupⅠ,
while MDA level decreased significantly (3.11 ± 1.73 vs
5.50 ± 2.46; P < 0.05), there was a significant increase
in iron (84.09 ± 29.51 vs 36.09 ± 17.81; P < 0.05),
hemoglobin (10.40 ± 1.11 vs 7.42 ± 1.90; P < 0.05)
and ferritin (116.91 ± 63.34 vs 30.46 ± 17.81; P < 0.05)
levels after one month. There was no significant change
www.wjgnet.com

in the levels of fructosamine in groupⅠafter treatment.
Similarly, no significant alterations were noted in the
levels of MDA, fructosamine, hemoglobin or ferritin in
Group Ⅱ patients after one month of treatment.
CONCLUSION: An increased level of fructosamine and
MDA was found in anemic H pylori infected patients.
Present data supports the premise that lipid peroxides
per se do play a role in the glycation of plasma proteins.
Furthermore, the findings from this study indicate that
treatment for both anemia and H pylori infections is
required for lowering the levels of lipid peroxides in these
patients.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori, a gram negative bacillus is the most common
pathogenic bacteria in the world[1]. Even though approximately half of the population in the world has H pylori
infection, the prevalence and severity vary greatly among
countries and population groups within the same countries.
The overall prevalence of H pylori is strongly correlated
with socio-economic conditions[1]. The prevalence among
middle aged adults is over 80% in many developing
countries as compared with 20%-50% in industrialized
countries[2].
Accumulating evidences sug gest an association
between gastric H pylori infection and low iron stores and
anemia[3-6]. Epidemiological studies have demonstrated a
close relationship between serum ferritin and presence
of anti-H pylori IgG[3,4]. A fall in serum ferritin reflects
declining body iron stores and is an accepted marker of
iron deficiency. It has also been found that eradication
of H pylori infection in iron-deficient anemic patients was
found to reverse the iron deficiency status in both children
and adults[5,6].
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Spontaneous nonenzymatic modifications of protein
are commonly reported in tissues with slow turnover
and they are considered by several authors as a possible
common mechanism involved in the progression of
many pathological conditions[6]. Among the nonenzymatic
processes, oxidative stress and glycation have aroused a
particular interest in recent years[7,8].
Glycation is a non-enzymatic condensation reaction
between reducing sugars and free amino groups at
NH2-terminus or susceptible ε-amino groups of lysine
residues of proteins. The reaction is initiated by the
reversible formation of a schiff base, which undergoes
a rearrangement to form a relatively stable Amadori
product [9] . The pathological consequences of these
alterations very much depend on the nature of proteins
involved as well as on their function and concentration
in a par ticular org an [9] . T he rate of for mation of
glycated protein is considered to depend on the ambient
concentration of glucose and half life of the protein[9].
However, there is convincing evidence that concentrations
of nonenzymatically glycated protein are increased in
many non-diabetic pathological states [10-13] . Elevated
concentrations of glycated hemoglobin have been
found in myocardial infarction, chronic renal failure, and
nephrotic syndrome patients with normal blood glucose
concentrations [10-12]. Similarly high concentrations of
fructosamine are reported in non-diabetic chronic renal
failure and rheumatic arthritis patients [12,13]. Increased
levels of glycated hemoglobin (HbA 1C) have also been
documented in iron deficiency anemic patients without any
history of diabetes[14-16].
We have recently demonstrated that lipid peroxides
per se can enhance the process of protein glycation [17].
This result was in agreement with the findings of Jain
et al[18]. We have also demonstrated that the process of lipid
peroxidation and glycation are closely associated in patients
with chronic renal failure, hyperthyroid, asthma, nephrotic
syndrome and patients with rheumatoid arthritis[19-24].
Even though there are substantial reports demonstrating the presence of excess lipid peroxides in patients
with H pylori infection, there is a dearth of information
regarding the levels of glycated proteins in these patients
with anemia. Given the importance of glycated protein in
causing pathological complication in various diseases, it
was deemed pertinent to investigate the levels of glycated
plasma protein and the possible association with the levels
of lipid peroxides in H pylori infected patients who were
anemic. Furthermore, we explored the effect of treatment
on the levels of these parameters. This study is the first
to describe an association between lipid peroxides and
glycated protein in anemic H pylori infected patients.

MATERIALS AND METHODS
Blood sample (3 mL) was obtained from 22 anemic
patients with H pylori infection and 16 age matched
healthy subjects. Anemic patients were recruited from
the outpatient department of our institute, JIPMER,
Pondicherry, India. Only patients of 13 years of age or
older were enrolled for this study. Anemic patients were
selected based on the hemoglobin levels (Hb < 11 g/dL)
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and peripheral blood smear suggesting iron deficiency
anemia. Selected patients underwent detailed physical
examination and laboratory evaluation.
One milliliter of the whole blood in EDTA was
used for the analysis of hemoglobin and red cell indices
using Sysmex-K-100 automated cell counter (Sysmex
Singapore Pvt. Ltd, Singapore). The rest of the sample
was centrifuged at 3000 r/min for 10 min. The plasma was
separated and analyzed for lipid peroxides, fructosamine,
iron, ferritin and glucose. Plasma ferritin level was
deter mined by ELISA using human ferritin enzyme
immunoassay test kit (IBL Immunobiological Laboratories,
Hamburg, Germany). Fructosamine was measured by
p-indonitrotetrazolium violet kinetic method using the
Raichem Kits (Haemagen Diagnostics, San Diego, CA)
adapted to 550 Express Plus Analyzer (Ciba Corning
Diag., Oberlin, OH). The concentration of lipid peroxides
in plasma was measured by thiobarbituric acid method[25].
Plasma iron and glucose were measured by fully automated
ferrozine and glucose oxidase methods respectively in Ciba
Corning 550 Express Plus. All patients who were found to
have iron deficiency by the above parameters underwent
stool examination on three consecutive days for the
presence of hookworm ova on microscopy and for occult
blood by benzidine test.
After infor med consent, upper gastrointestinal
endoscopy was done and multiple biopsy specimens were
obtained from the antral mucosa for rapid urease test and
histology. Tissue sections were stained for H pylori with
Geimsa. H pylori infection was defined as a visible organism
seen under microscopy and a positive rapid urease test.
Patients with histories of consumption of nonsteroidal
anti-inflammatory drugs (NSAIDs), anticoagulants or
corticosteroids, those with hematological disorders or
stool samples positive for occult blood or hookworm ova,
and those with duodenal or gastric ulcers or carcinoma
stomach at endoscopy were excluded from the study.
Patients positive for H pylori infection by rapid urease
test and on histology were randomly assigned to two
groups (GroupⅠand Ⅱ) by creating block sizes of six
or eight and linking to five-digit random numbers (Rand
Corporation; New York: The Free Press, 1955). Patients in
GroupⅠreceived oral ferrous sulfate tablets 200 mg thrice
a day for 1 mo, and a 14-d course of anti-H pylori therapy
consisting of clarithromycin 250 mg bid, lansoprazole
30 mg bid and tinidazole 500 mg bid. Those in Group
Ⅱ received only oral ferrous sulfate tablets as above. All
the above-mentioned biochemical and hematological
parameters were assayed after 1 mo therapy. This study was
approved by the ethics committee of JIPMER. Informed
consent was obtained from all subjects.
Statistical analysis
Student’s t test was used to estimate the differences
between the groups. Correlation was assessed by the partial
correlation analysis. All results are presented as mean ±
SD. P < 0.05 was considered statistically significant.

RESULTS
All the parameters tested in both the H pylori infected
www.wjgnet.com
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Table 1 Comparison of biochemical and hematological
parameters in H pylori infected anemic patients and controls

Table 2 Changes in hematological and biochemical parameters
of groups after treatment

Parameters		
			

Control group
(n = 16)

Test group
(n = 22)

Hemoglobin (g/dL)		
Iron (µg/dL)		
Ferritin (ng/mL)		
Fructosamine (nmol/L)
MDA (mmol/L)		
Glucose (mg/dL)		

12.66 ± 0.74
110.25 ± 26.58
140.43 ± 30.72
1.60 ± 0.35
2.26 ± 0.50
81.19 ± 9.74

6.9 ± 2.6a
32.72 ± 14.93a
28.82 ± 16.27a
2.64 ± 0.93a
5.41 ± 2.16a
83.50 ± 8.27

		
Parameters		
		
		
Hemoglobin (g/dL)
Baseline			
1 mo after therapy		
Iron (µg/dL)
Baseline			
1 mo after therapy		
Ferritin (ng/mL)
Baseline			
1 mo after therapy		
Fructosamine (nmol/L)
Baseline			
1 mo after therapy		
MDA (mmol/L)
Baseline			
1 mo after therapy		

a

P < 0.05 vs control group.

group and healthy controls are given in Tables 1 and 2.
Fructosamine levels were significantly higher in H pylori
infected patients compared to controls. Levels of lipid
peroxides were significantly increased in the test group
than the healthy age-matched controls. In the test group,
a significant correlation (r = 0.50, P = 0.02) was observed
between fructosamine and MDA using partial correlation
analysis controlling for blood glucose level. As previously
reported, hemoglobin, serum iron and ferritin levels were
significantly reduced in H pylori infected patients when
compared with controls.
Response to therapy
Patients in group I had a g reater increase in mean
hemoglobin level (2.98 g/dL) after one mo than those
in Group Ⅱ (1.07 g/dL). The increases in mean serum
iron (48 μg /dL vs 15.91 μg/dL) and ferritin levels (86.45
ng/mL vs 25.28 ng/mL) after one mo of treatment were
also more marked in GroupⅠthan in Group Ⅱ. There
was also a significantly decreased MDA levels in Group
Ⅰwhen compared with Group Ⅱ after one mo of
treatment. However, there was no significant alteration in
fructosamine levels in both the groups after one mo of
treatment.

DISCUSSION
Free radicals and other reactive oxygen species (ROS) are
generated by all aerobic cells and are known to participate
in a great variety of deleterious reactions[26]. The oxidative
damage caused by free radicals is believed to play a pivotal
role in the pathogenesis of H pylori infection[27-29]. Lipid
peroxidation is one of the reactions set into motion as a
consequence of the formation of these radicals in cells
and tissues [26]. The initiation of lipid peroxidation has
been considered the proximal cause of cell membrane
destruction and cell damage [26]. Increased amounts of
malondialdehyde (MDA) have been found in patients
infected with H pylori[30-32]. Our results also indicate an
increased lipid peroxidation in H pylori infected patients.
Lipid peroxidation can damage proteins, lipids,
carbohydrates and nucleic acids. Plasma membranes
are the critical targets of lipid peroxides[26]. Apart from
participating in these deleterious reactions, lipid peroxides
in vitro have been found to enhance the glycation of
proteins[18]. We have also recently reported that MDA can

www.wjgnet.com

Group Ⅰ		
(H pylori treatment
+ oral iron therapy)
(n = 11)

Group Ⅱ
(Oral iron therapy)
(n = 11)

7.42 ± 1.90
10.40 ± 1.11a

6.38 ± 2.37
7.45 ± 1.94

36.09 ± 18.97
84.09 ± 29.51a

29.36 ± 9.10
45.27 ± 21.36a

30.46 ± 17.81
116.91 ± 63.34a

27.18 ± 15.26
52.46 ± 39.21

2.28 ± 0.62
2.13 ± 0.63

2.99 ± 1.06
2.27 ± 0.97

5.50 ± 2.46
3.11 ± 1.73a

5.32 ± 1.94
3.81 ± 1.61

a

P < 0.05 vs the baseline value before treatment.

enhance the glycation of hemoglobin per se[17].
We have found that lipid peroxides are closely
associated with glycated hemoglobin in hyperthyroid,
chronic renal failure and asthma patients[20-22]. We observed
a significant association between MDA and fructosamine
in non-diabetic asthma, nephrotic syndrome, rheumatoid
arthritis and chronic renal failure patients[19,22-24].
In the present study, the levels of fructosamine were
increased significantly in anemic patients infected with
H pylori when compared with healthy controls. Among
the various methods proposed for the measurement of
glycated serum proteins, fructosamine is the method
of choice for the clinicians [9]. As albumin is the most
abundant protein in serum and contains multiple lysine
residues, measurement of fructosamine is mainly the
determination of glycated albumin[9].
In anemic patients, the concentrations of HbA1C have
been reported to be increased[14-16]. Several hypotheses
have been formulated to explain the increase in glycated
hemoglobin concentrations in these patients. It has been
proposed that in iron deficiency the quarternary structure
of the hemoglobin molecule may be altered, thus glycation
of the β-globin chains occur more readily[14]. According
to some investigators, the increase in glycated hemoglobin
in non-diabetic anemic patients is mainly attributed to the
decrease in hemoglobin levels in these patients[16].
To our knowledge, no study to date has attempted to
clarify whether there is any increase in glycated protein
levels in anemic, H pylori infected patients and whether
this increase is the consequence of an increased lipid
peroxidation among these patients.
To verify this hypothesis, we tested a well-defined
group of anemic, H pylori infected patients before and
after one month of treatment. In our study, the increased
MDA was found to be significantly associated with
increased fructosamine concentrations (r = 0.50, P =
0.02) before treatment, even when the proposed effect of
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glucose on the concentrations of fructosamine was refuted
by partial correlation analysis. The mechanism by which
MDA enhances the glycation process has not been clearly
elucidated. MDA is thought to enhance the process of
protein glycation by acting as an anchor between sugar and
hemoglobin moieties[18]. It has also been suggested that
oxidative stress can facilitate the autoxidation of glucose
to dicarbonyl intermediates, an early step in the Maillard
reaction[33].
There was a significant decrease in MDA levels in
H pylori infected patients after one month of treatment
with both ferrous sulfate and anti-H pylori therapy.
Previous reports have indicated that the levels of lipid
peroxides decrease significantly after treatment for H pylori
infection[30,32]. Similarly, in iron deficiency anemia it has
been found that supplementation with iron reduces the
levels of glycated hemoglobin[14]. There was no significant
decrease in MDA levels in the test group treated with only
oral iron. In both the test groups, there was no significant
reduction in fructosamine levels after one month of
treatment. There also existed no significant association in
the anemic H pylori infected group between fructosamine
and MDA after one month of treatment. One reason for
these observed results can be attributed to the half-life of
glycated proteins.
Recent studies have uncovered a myriad of pathological events induced by glycated albumin. These
include increasing the expression of extracellular matrix
protein, activation of protein kinase C, and stimulating
the expression of transforming growth factor β1 and its
primary signaling receptor, the TGF-β type Ⅱ receptor.
Apart from these alterations, glycated albumin has been
found to alter the levels of NF-κB. These data support the
hypothesis that glycated albumin is a sufficient stimulus
to set into motion pathogenic signaling pathways. Several
investigators have also reported that H pylori can activate
NF- κ B in human gastric mucosa in vivo and cultured
gastric epithelial cells in vitro, thus the pathogenesis may
be mediated through NF-κB[34-36]. Studies have shown that
these alterations in molecular pathways play an essential
role in the H pylori induced inflammation and associated
complications.
In conclusion, this study gives a snapshot of an
increased glycated serum protein and lipid peroxide
levels in H pylori infected patients who were anemic as
well. These data from the present study also supports the
notion that alteration in the levels of MDA in anemic H
pylori infected patients may be the basis for enhanced levels
of fructosamine. Furthermore, the findings from our study
indicate that treatment for both anemia and H pylori are
required for reducing the levels of lipid peroxides in these
patients.
It would be interesting to investigate the levels
of fr uctosamine in non-anemic H pylori infected
patients and it is worthwhile to investigate if additional
supplementation of antioxidants would potentiate any
further attenuation of protein glycation in H pylori infected
patients when compared with the regular therapy. A longer
follow-up investigation after treatment would shed more
light into the above-mentioned alterations in anemic
H pylori infected subjects.
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Abstract
Fistula between digestive tract and airway is one of the
complications after esophagectomy with lymph node
dissection. A case of esophagotracheal fistula secondary
to esophagitis 9 years after esophagectomy and gastric
pull-up for treatment of esophageal carcinoma is
described. It was successfully treated with transposition
of a pedicled pectoralis major muscle flap.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The denervated stomach as an esophageal substitute
recovers intraluminal acidity with time. Increased risk for
acid reflux after incurs prolonged esophageal exposure to
gastric acid which may lead to esophageal mucosal injury.
A patient with esophagotracheal fistula caused by reflux
esophagitis 9 years after esophagectomy with postoperative
radiation therapy was treated with transposition of a
pedicled pectoralis major muscle flap. This complication
caused by esophagitis has been described.

CASE REPORT
A 59-year old man presented with a sudden onset of

dyspnea and increasing cough productive of gastric
contents and saliva. Significant past medical history
included an esophagectomy with a reconstruction of
gastric tube pulled up through the posterior mediastinum
9 years earlier for esophageal squamous cell carcinoma
(pT1, pN0, pM0, pStage I), followed by irradiation (58 Gy)
due to positive for malignancy of proximal surgical margin
of the esophagus with histological examination. After
the operation he had relapses of gastric ulcer and reflux
esophagitis. There was no evidence of cancer recurrence
over the follow-up period.
H e wa s s y m p t o m - f r e e e xc e p t f o r c o u gh a fter
swallowing and regurgitation. None of abnormal shadows
was detected in chest radiographs. Upper gastrointestinal
endoscopy showed a fistula with a diameter of 5 mm
on the anterior wall of the esophagus, 20 mm proximal
to the esophagogastric anastomosis (Figure 1A), and a
gastric ulcer just below the anastomosis (Figure 1B). No
malignant feature was detected around the fistula and
pathological examination of biopsy specimens from the
gastric ulcer showed chronic inflammation. Bronchoscopic
examination demonstrated the fistula in the membranous
portion of the trachea, 90 mm distal to the vocal cord and
50 mm proximal to the bifurcation (Figure 2). Computed
tomography confirmed the fistula located on a level with
the upper wedge of sternum and no image of cancer
recurrence (Figure 3). Twenty-four pH monitoring in the
cervical esophagus was failed because of his rejection.
T he patient received proton pomp inhibitors
before operation with a slight improvement in his
clinical symptoms, but no apparent improvement in the
bronchoscopic examination. Surgery was performed 20
d after administration. A cuff of spiral endotracheal tube
(8 mm in diameter) was situated below the fistula in the
trachea. With the patient in the supine position, a U-shaped
skin incision in the anterior cervix and median sternotomy
to the 3rd rib were made. Previous radiation therapy made
the procedure difficult. After lysis of adhesions, cervical
esophagus and the upper portion of gastric tube were
freed. Then, the common wall between esophagus and
trachea was carefully dissected free in a cranial to caudal
direction until the fistula was identified. No malignant
changes were found macroscopically. The wall of the
fistula was cut sharply, taking care to avoid tearing of the
membranous portion of trachea widely. The fistula orifice
in the esophageal wall was closed primarily in layers and
the orifice in the trachea was also sutured primarily. The
www.wjgnet.com
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Figure 1 Upper gastrointestinal endoscopy showing a fistula in the esophagus, 20 mm proximal to
the anastomosis (A), and a gastric ulcer just below the anastomosis (B).

Figure 3 Computed tomography showing an esophagotracheal fistula located on
a level with the upper wedge of sternum.

medial wedge of the left clavicle, 1st and 2nd ribs, and the
left half of the sternum to the 2nd rib were excised. The
left pectoralis major muscle flap was inserted and fixed
between the trachea and the gastric tube. His endotracheal
tube was extubated immediately after the operation. The
patient’s postoperative course was uneventful. On the 16th
postoperative day, feeding was started when no leak was
found after a gastrograffin swallow revealed no leak. The
patient was discharged on the 28th postoperative day. He
had no evidence of esophagitis, gastric ulcer and fistula 9
mo after the operation.

DISCUSSION
Fistulae between digestive tract and airway are recognized
as complications after esophagectomy. The digestive tracts
include residual esophagus, esophagogastric anastomosis
and g astric tube. Leakag e from esophag og astric
anastomosis can lead to localized mediastinitis and
represents a possible cause of tracheoesophagogastric
fistula. Gastric tube-to-airway fistula develops due to
peptic ulcer, ischemia of gastric tube or airway, radiation
or abscess in the mediastinum. Fistula between cervical
esophagus and trachea is the rarest case in these three types
of fistulae. This fistula caused by gastroesophageal reflux
after esophagectomy has not been reported previously.
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Figure 2 Bronchoscopic examination showing a fistula in the
membranous portion of the trachea, 90 mm distal to the vocal
cord.

Peptic ulcers of pulled-up gastric tubes often cause
hemorrhage, perforation and penetration[1]. Gutschow et al[2]
reported that the denervated stomach as an esophageal
substitute recovers a normal intraluminal acidity with time,
so that more than 3 years after surgery the 24-hour pH
profile in the gastric cavity of almost all patients is similar
to that in healthy subjects. Shibuya[3] showed that sever
esophagitis is found in 75.6% of remnant esophagus after
esophagectomy for esophageal cancer. Gutschow et al[2]
showed that 38.5% of patients have reflux esophagitis
in the remnant esophagus for 3 years or more after
esophagectomy. In our patient, endoscopic examination
more than 4 years after esophagectomy revealed often
severe esophagitis and gastric ulcer. Although he was
treated with a proton pomp inhibitor every time, he
discontinued himself taking drugs because of symptomfree. Therefore, it is strongly suggested that repetition of
severe esophagitis and postoperative radiation therapy
influenced for mation of his fistula. In this patient,
H pylori-IgG was positive. Although evaluation of his
gastric emptying was not made, he often had refluxsymptom after esophagectomy.
Myocutaneous or muscle flap, because of their
rich blood supply, can be used to fill the dead space
after fistulectomy and add vital tissue to prevent
recurrent fistulization[1,4-6]. In the part of cervical area,
sternocleidomastoid muscle and pectoralis major have
been used. If the esophagus and/or gastric tube cannot be
preserved, continuity of the gastrointestinal tract may be
reconstructed with, for example, colonic or small bowel
interposition[7].
No significant relationship has been found between
reflux symptoms, such as heart burn and regurgitation,
and endoscopic findings after esophagectomy in the
previous reports [3,8]. Patients with denervated stomach
may be free from symptoms of gastric ulcer. Therefore,
endoscopic examination is necessary at least once a year
for early detection of ulceration and esophagitis. Fistulae
between digestive tract and airway are grave complications
of esophagectomy because they frequently result in
respiratory failure and life-threatening conditions. If
gastric ulcer or esophagitis is detected in endoscopic
examination after esophagectomy, this therapy should be
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started immediately regardless of the interval between the
examination and esophagectomy.
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Abstract
Percutaneous radiofrequency thermal ablation (RFA)
is an effective and safe therapeutic modality in the
management of liver malignancies, performed with
ultrasound guidance. Potential complications of RFA
include liver abscess, ascites, pleural effusion, skin burn,
hypoxemia, pneumothorax, subcapsular hematoma,
hemoperitoneum, liver failure, tumour seeding, biliary
lesions. Here we describe for the first time a case of
biliary gastric fistula occurred in a 66-year old man with
a Child’s class A alcoholic liver cirrhosis as a complication
of RFA of a large hepatocellular carcinoma lesion in the
Ⅲ segment. In the light of this case, RFA with injection
of saline between the liver and adjacent gastrointestinal
tract, as well as laparoscopic RFA, ethanol injection (PEI),
or other techniques such as chemoembolization, appear
to be more indicated than percutaneous RFA for large
lesions close to the gastrointestinal tract.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Percutaneous radiofrequency thermal ablation (RFA) is
an emerging therapeutic modality in the management of
liver malignancies[1], particularly in patients who cannot
www.wjgnet.com

undergo surgery[2]. The increasing attractiveness of this
technique is due to its effectiveness, safety and low morbidity rate[1,2]. Compared with ethanol injection (PEI), the
first percutaneous therapy to be introduced, RFA is characterized by the need of a reduced number of treatment
sessions. Both therapies are generally performed with ultrasound (US) guidance which allows considerable ease of
application, due to their low costs and no X-ray exposure.
Nevertheless, a number of potential complications of
RFA have been described, occurring with a rate of almost
9%[3], including liver abscess, ascites, pleural effusion, skin
burn, hypoxemia, pneumothorax, subcapsular hematoma,
hemoperitoneum, liver failure, and tumour seeding. In addition, biliary lesions have been described in 1% of a large
number of patients included in a review of the literature in
this field[3], and two case reports describing enterobiliary[4]
and biliary pleural[5] fistulae have been published so far.

Case Report
Here we describe a case of biliary gastric fistula occurred
in a 66-year old man with a Child’s class A alcoholic liver
cirrhosis as a complication of RFA of a large (4.0 cm ×
4.5 cm) hepatocellular carcinoma (HCC) lesion in the III
segment. Written informed consent was obtained from the
patient before treatment. The ablation was performed under US-guidance [Eidos (EUB-525), Esaote, Genova, Italy]
using a 3.5 MHz sector probe, with a lateral guide for electrode placement. The treatment was made under general
anesthesia using a 20-cm long, 18-gauge electrode to apply
the RF current (MIRAS RC, Invatec Italia, Brescia, Italy).
The procedure lasted 30 min without apparent complications. In the night following the intervention, the patient
experienced transient retching, responsive to metoclopramide administration, and moderate abdominal pain. An
enhanced computed axial tomography (CT) scan of the
abdomen, performed 22 d after the procedure, showed the
presence of aerobilia within the left portion of the liver
attributed to a biliary gastric fistula (Figure 1A). A subsequent conventional contrast-enhanced study of the first
gastrointestinal tract, showed a fistulous tract starting from
the lesser curvature of the stomach with concomitant
spasm of the greater curvature, causing a communication
with the left portion of the liver (Figure 1B).

DISCUSSION
Biliary gastric fistulae can be diagnosed on the basis of
both direct and indirect radiological signs. The diagnosis
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tion of the liver (Figure 1A), in the absence of surgery for
biliary-digestive by-pass procedures and the fact that the
thermoablative treatment was performed after a previous
CT in which the fistula was not present (Figure 1C), led
to the hypothesis of a iatrogenic alteration. This was confirmed by a conventional contrast-enhanced study of the
first gastrointestinal tract, showing a fistulous tract starting
from the lesser curvature of the stomach with concomitant spasm of the greater curvature, causing a communication with the left portion of the liver (Figure 1B).
Perforation of the gastrointestinal tract, a possible
major complication of RFA of hepatic nodules, can
be difficult to recognize as its clinical manifestations
can be attributed to the normal course of the so called
“post-ablation syndrome”. Indeed, mild to moderate
abdominal pain is not uncommon after RFA of large
lesions, particularly when they abut the Glisson’s capsule
containing nerve endings.
We describe here for the first time in the literature a
case of biliary gastric fistula as a possible complication
of thermal ablation of HCC lesions. A recent study has
shown the efficacy and safety of percutaneous RFA of
HCC abutting the gastrointestinal tract[6]. Nevertheless, in
the light of this case and previous descriptions of enterobiliary fistulae occurred following the same therapeutic
modality, RFA with injection of saline between the liver
and adjacent gastrointestinal tract, as well as laparoscopic
RFA, PEI, or other techniques such as chemoembolization, appear to be more indicated than percutaneous RFA
for large lesions close to the gastrointestinal tract.
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Abstract
Hydatid disease is an endemic disease in certain areas of
the world. It is located mostly in the liver. Spontaneous
rupture of the hydatid cyst into the peritoneum is a rare
condition, which is accompanied by serious morbidity
and mortality generally. We present herein a case with a
spontaneous rupture of a hepatic hidatid disease into the
peritoneum without any serious symptoms. A 15-yearold boy was admitted to the emergency room with a mild
abdominal pain lasting for a day. Physical examination
revealed only mild abdominal tenderness. There was
no history of trauma or complaints related to hydatid
diseases. Ultrasonography showed a large amount of
free fluid and a cystic lesion with irregular borders in
the liver. He was operated on. Postoperative albendazol
therapy was given for 2 mo. No recurrence or secondary
rd
th
hydatidosis was seen on CT investigation in the 3 , 6
th
and 12 mo following surgery.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hydatid disease is a parasitic infestation caused by Echinococcus granulosus [1-3]. Hydatid disease is an endemic
problem in Turkey as well as in sheep-bearing regions of
the world[1,2,4].
Although hepatic hydatid disease may be asymptomatic
for many years, it can become symptomatic due to

www.wjgnet.com

expansion, rupture or pyogenic infection[2,3,5]. Hydatid cyst
rupture may cause mild to fatal complications[2,5]. Rupture
of the hepatic hydatid disease generally occurs into the
biliary tree. Rupture of the cyst in the peritoneal cavity is
rare and generally followed by anaphylactic reactions.
In this study, we present a case of a spontaneous
rupture of a hepatic hydatid cyst into the peritoneum, in
which the patient was admitted to the emergency room
for mild abdominal pain without any other symptom.
Spontaneous rupture of the hepatic hydatid cyst into
peritoneum without any serious symptom is unusual.

CASE REPORT
A 15-year-old boy perceived sudden abdominal pain in
the epigastrium and right upper quadrant a day ago. After
a short duration his pain was ameliorated spontaneously.
The following day he perceived mild pain in the right
lower quadrant. He had no pruritis, erythema or any other
symptom except the abdominal pain. No history of blunt
trauma was found.
Physical examination revealed a blood pressure of
100/70 mmHg, and a pulse rate of 78 beats/min. The
patient was afebrile. Abdominal palpation revealed mild
tenderness. He was comfortable on his movements. There
was no history of nausea, vomiting or loss of appetite.
Laboratory investigations were nor mal except mild
leukocytosis (WBC: 11 000/mm3).
Abdominal ultrasonography showed a large amount
of free fluid and a cystic lesion measuring 10 cm × 12
cm with irregular borders in the right lobe of the liver.
The anterior border of the cyst was incomplete. Floating
membrane image was seen. The biliary ducts were normal
in calibration.
The abdomen was exposed through a right paramedian
incision. Approximately 3500 mL clear fluid was aspirated
from the intraperitoneal space. There was a hydatid cyst
in the right lobe of the liver. The cyst was 13 cm in size
and had a ruptured area of 5 cm × 7 cm anteriorly (Figure
1). There were firm adhesions between the liver and
right diaphragm. There was no daughter vesicle in the
abdominal cavity. The germinative membrane was taken
out completely (Figure 2). No biliary leakage was seen.
We could not find any other pathological evidence on
exploration. The cyst pouch was irrigated with hypertonic
saline (20%) and then followed by isotonic saline. The
peritoneal cavity was irrigated with isotonic saline.
Introflexion procedure was performed. Latex drains were

Karakaya K. Rupture of hydatid cyst

Figure 1 Ruptured hydatid cyst in the liver.

Figure 2 Germinative membrane extracted totally.

placed into the sub-hepatic and recto-vesicle areas.
The patient was discharged from the hospital on the 9th
postoperative day without any complication. Postoperative
albendazole therapy (10 mg/kg) was prescribed for 2 mo
under the liver enzyme and blood count monitoring. The
patient was controlled as an outpatient. Postoperative
follow up was uneventful for 13 mo. No recurrence or
secondary hydatidosis was seen on CT investigation in the
3rd, 6 th and 12th mo following surgery.

DISCUSSION
The hydatid cyst is typically filled with clear fluid (hydatid
fluid). The cyst consists of an internal cellular layer
(germinal layer) and an outer, acellular layer (laminated
layer). As the cyst expands gradually, a granulomatous host
reaction followed by a fibrous reaction forms a connective
tissue layer, which is called a pericyst[1].
Hydatid disease is a serious health problem in
endemic areas as well as in Turkey [6,7]. The diagnosis and
appropriate surgical therapy is usually delayed because
most of the hydatid cysts remain asymptomatic until it is
getting complicated [1-3,7,8].
Precautions for the hydatid disease are mostly
insufficient. Treatment of dogs with antihelmintic is the
main procedure to control the parasite (Echinococcus
spp.) [9]. In rural areas of Turkey this treatment is not
applied routinely. In the rural area, sheep are home-
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slaughtered routinely. Dogs can access to the infected
viscera. This is true in almost all of the developing or
underdeveloped countries in the world[9].
Initially almost all of the hydatid cysts are asymptomatic. Later in time some symptoms depending on the
involved organ, localisation of the cyst and pressure effect
of the cyst on the surrounding tissues and structures
develop [1,7,10] . Abdominal pain is the most commonly
encountered symptom. The second one is the symptoms
arising from the pressure effect of the cyst [7,8,11]. It is
known that rupture of the cyst ameliorates the abdominal
pain and the patient feels comfortable to some degree[2].
Later in time r upture of the hydatid cyst produces
symptoms and signs of allergy or peritoneal irritation
almost all the time[10]. No history of previous abdominal
pain or any other symptom relating to the hydatid cyst was
present in the case presented here.
Diagnosis of the hydatid cyst is mainly based on
ultrasonography and computed tomography (CT)[1-3,7,8,10,11].
CT is especially valuable for the 3-dimensional localisation
of the cyst preoperatively[8,11]. MRI, magnetic resonance
cholangio pancreatography (MRCP), scintigraphy scans
and laparoscopy may be useful for diagnosis of the rare,
undiagnosed cases and for its complications. As we made
the diagnosis of a ruptured hepatic hydatid cyst by US
examination, the other investigational techniques were not
used for preoperative evaluation.
Surgery is the preferred treatment for the cure of
the hydatid disease[3,6,8]. Surgical procedures may differ
from percutaneous aspiration instillation and reaspiration
to complete excision of the cyst [1,6,7] . We performed
introfleksion procedure on the patient. Rupture of the cyst
is usually related to increased intracystic pressure. This may
be related to trauma, or over enlargement of the cyst[2,10].
Perforation of the hydatid cyst may cause dissemination of
the parasite and increased morbidity and mortality rate[1,2,9].
As cyst size increases, risk of rupture increases[5]. Cyst size
measured 13 cm preoperatively in our case. Intraperitoneal
rupture of the hydatid cyst can cause abdominal pain,
allergy and anaphylaxis[1,2,5]. Mild abdominal tenderness
was present in our patient on admission. The patient had
no history of trauma or any event that increases intraabdominal pressure such as coughing or constipation.
Medical treatment with albendazole is described
elsewhere[1,6,7,10,11]. The patient was treated with albendazole
10 mg/kg for 2 mo under liver enzyme and blood count
monitoring. Postoperative follow up was uneventful.
Intra-peritoneal hydatidosis is a major problem for
the patients who have hydatid cyst rupture. The patient
presented here had no recurrence or secondary hydatidosis.
In endemic regions, it is useful to consider hydatid cyst
disease for patients with abdominal pain admitted to the
emergency room. Rupture of the hydatid cyst may be fatal.
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Abstract
We report an extremely rare case where a mesenchymal
differentiation, especially embryonal sarcoma, was
demonstrated in cholangiocarcinoma. At autopsy, a
yellowish-white tumor (15 cm x 12 cm) was found in
the right hepatic lobe, and there were several daughter
nodules in both hepatic lobes. Histologically, most of the
main tumor and all of the daughter nodules examined
showed sarcomatous changes (spindle cells, pleomorphic
cells and hyalization). Histologic examination of a part
of the main tumor disclosed a focus of adenocarcinoma
within the tumor. The frequent transitions between the
adenocarcinomatous areas and the sarcomatous areas
suggested that sarcomatous transformation occurred
in the cholangiocarcinoma and then spread rapidly.
Immunohistochemically, the adenocarcinomatous
elements were positive for cytokeratin, carcinoembryonic
antigen (CEA) and epithelial membrane antigen, and
negative in the sarcomatous cells. Vimentin was positive
only in the sarcomatous elements. The findings of the
present case support the view that carcinosarcomas
represent carcinomas that develop sarcomatous
elements via metaplasia of the epithelial element.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is usually a moderately to well
differentiated adenocarcinoma with considerable
demoplastic reactions. Nakajima et al[1] reported that 92 of
102 cases of cholangiocarcinoma were mucin-producing
adenocarcinomas, and the remaining were adenosquamous
(3 cases), squamous (3 cases), mucinous (1 case), or
anaplastic carcinoma (3 cases). Only brief descriptions
of sarcomatous changes and sarcomatous variants of
cholangiocarcinoma can be found in a few studies or
reviews dealing with a large series of cholangiocarcinoma
cases[1,2] . However, detailed clinicopathological studies of
sarcomatous changes in cholangiocarcinoma have not been
reported in English and Japanese literature to the best of
our knowledge.
Because we recently encountered an autopsy case
of cholangiocarcinoma showing sarcomatous changes,
we report this case to emphasize the autopsy findings,
as well as the histogenesis of sarcomatous changes in
cholangiocarcinoma.

CASE REPORT
A 74-year old Japanese woman was admitted to our
hospital complaining of pain in the right hypochondrium
and underwent a cholecystectomy. The main laboratory
data were as follows: red blood cells 378 × 10 4/mm 3,
white blood cells 5200/mm 3, serum total protein 8.0
g/dL, total bilir ubin 0.8 mg/dL, ser um glutamicoxaloacetic transaminase 46 IU/L, serum glutamicpyruvic transaminase 58 IU/L, lactic acid dehydrogenase
416 IU/L, alkaline phosphatase 476 IU/L, γ -glutamyl
transpeptidase 119 IU/L, and C- reactive protein 2.9 mg/
dL. Carcinoembryonic antigen (CEA) was 51.5 ng/mL, but
serum α-fetoprotein (AFP), a protein induced by vitamin
K absence or antagonists (PIVKA-Ⅱ) and carbohydrase
antigen 19-9 (CA19-9) were within the normal range.
Hepatitis B core (HBc) antibody, hepatitis C antibody
(HCV-Ab), and human immunodeficiency virus (HIV)
were all negative. A computed tomography scan of the
abdomen revealed a low-density mass with renal invasion
in all segments of the right hepatic lobe, without lymph
node swelling or dilatation of the intrahepatic bile ducts.
Magnetic resonance imaging revealed hypointensity on the
T1-weighted images and heterogeneous hyperintensity on
the T2-weighted images (Figures 1A and B). Angiography
showed a malignant blush in the right lobe (not shown). A
sonographically guided hepatic tumor biopsy showed the
www.wjgnet.com
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Figure 3 Gross appearance of hepatic tumor.

proliferation of spindle cells. An immunohistochemical
study showed that α -smooth muscle actin (SMA) was
positive, and keratin, vimentin, desmin, CEA, and S-100
protein were negative, thus leiomyosarcoma was suspected
(Figure 2). Her general condition gradually worsened and
she died of hepatic failure and disseminated intravascular
coagulation (DIC) after two months.
Autopsy findings
The gross findings were a yellowish-white tumor (15 cm ×
12 cm) with blurred borders in the right hepatic lobe (Figure
3) where the right branch of the portal vein and right
kidney were occluded.
Microscopically, the majority of the main tumor and
all daughter nodules examined showed a sarcomatous
appearance. Elongated cells were arranged in bundles,
occasionally interlacing. These histologic features were
similar to those of fibrosarcoma or leiomyosarcoma.
www.wjgnet.com
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Figure 1 Magnetic resonance imaging
showing hypointense areas in the right lobe of
the liver on a T1-weighted image (A) and an
inhomogeneously hyperintense mass on a T2weighted image (B).

B
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Figure 2 Needle biopsy showing a sarcomatous
area consisting of interlacing bundles of atypical
spindle cells [hematoxylin-eosin stain; magnification
x 200 (A), x 100 (B)] and immunohistochemical
staining showing positive α-SMA (C).

That is, these areas were composed of nonadhesive
spindle-shaped or fusiform cells, and to a lesser degree,
pleomorphic giant or multinuclear cells, the majority of
the latter showing bizarre nuclei and prominent nucleoli
(Figure 4). These sarcomatous areas looked like malignant
leiomyosarcoma. There were many foci of coagulative
necrosis within these sarcomatous areas. In addition, there
was a well-differentiated tubular adenocarcinoma within
the tumor (Figure 5). There were direct transitions between
adenocarcinomatous elements and sarcomatous elements.
However, the transitions were unclear. A hydropsy-like
part was recognized at the side edge of the tumor, and
tumor cells floating in mucinous cytoplasm were evidence
of undifferentiated (embryonal) sarcoma (Figure 6).
These two elements on the representative section of
tumor were mapped (Figure 3), showing adenocarcinomatous elements within the tumor and a considerable
amount of sarcomatous elements surrounding this
carcinoma. There were no histologic elements suggestive
of hepatocellular carcinoma.
The nontumorous hepatic tissue showed nonspecific
reactive changes with mild fibrous enlargement of the
portal tracts, but not liver cirrhosis. There were no
regenerative nodules throughout the liver, and HBsAg was
not detected in the liver by orcein stain.
Primar y antisera to keratin, vimentin, desmin,
AFP, CEA, and S-100 protein were obtained from
DAKO Corporation. Keratin was weakly positive in the
adenocarcinoma cells. There was positive staining for
CEA at the part of tubular adenocarcinoma. Vimentin
was expressed only in the sarcomatous cells. There were
no positive reactions for AFP, desmin, S-100 protein, or
CA19-9 in the tumor cells.
It was diagnosed as cholangiocarcinoma and carcino-
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sarcoma with mesenchymal differentiation that specialized
and coexisted in a lobe corollary tumor.

DISCUSSION
Sarcomatous transformation of primary cancer of the
liver in adults is most common in hepatocellular carcinoma
(HCC), especially after anticancer chemotherapy or
transarterial embolization therapy[3]. In our patient, there
were no lesions resembling HCC, and AFP was negative
in the tumor, so that the derivation of sarcomatous cells
from HCC was excluded.
Histologic mapping of a whole section of the main
tumor showed adenocarcinomatous and sarcomatous
elements within the main tumor. Considering the mapping,
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Figure 4 Spindle cells (A), pleomorphic areas (B),
or hyalization (C) in leiomyosarcoma (hematoxylineosin stain; magnification x 160).

Figure 5 Cholangiocarcinoma focus (A)
(hematoxylin-eosin stain; magnification
x160), component surrounded by fibrosis (B)
(hematoxylin-eosin stain; magnification x100),
intimately mixed carcinomatous and sarcomatous
components (C) (hematoxylin-eosin stain;
magnification x 160).

Figure 6 Sarcomatous portion of the tumor
consisting of undifferentiated (embryonal) sarcoma
[hematoxylin-eosin stain; magnification x 25 (A, B),
x 160 (C)].

the sarcomatous elements would be interpreted as the
result of the metaplastic transformation of pre-existing
adenocarcinoma cells[4].
In our case, direct transitions between sarcoma and
adenocarcinoma in the main tumor suggested that the
sarcomatous changes might have developed secondarily
from pre-existing cholangiocarcinoma. Most of the
daughter nodules showed such sarcomatous changes,
suggesting that sarcomatous elements grow and spread
more rapidly than the adenocarcinomatous elements.
Thompson et al[5] stated that the carcinomatous and
sarcomatous components may be monoclonal in origin
and derived from single stem cells. Genetic analysis is
one possible solution to this problem, as reported in
esophageal carcinosarcoma[6].
www.wjgnet.com
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W hat is more, various other hypotheses have
been proposed to explain the biphasic appearance of
sarcomatoid carcinomas [7,8] . Briefly, the explanations
include the collision theory of independent neoplastic
growth from multipotent stem cell origins, epithelial to
mesenchymal conversion by epithelial-stromal interaction,
and a combination of the two. The salient features in our
case were the presence of dysplasia and adenocarcinoma
in situ, morphological “transition” between carcinomatous
and sarcomatous tissues in relation to expansion of
invasion, and the detection of sarcomatous characteristics
by immunohistochemistry in the epithelial component,
which strongly support the histogenesis of epithelial
to mesenchymal conversion. Gentile et al [9] reported
that the presence of productive retroviral infection in
the sarcomatous cells is related with tumor progression
from the carcinomatous to the sarcomatous phase. The
examination I performed confirmed that it was negative
for viruses, but it was related with an unknown virus.
However, why sarcomatous changes develop is a mystery.
In summary, sarcomatoid carcinoma derived from
cholangiocarcinoma is an extremely rare tumor composed
of mixed malignant epithelial and mesenchymal cells,
with only 12 cases[10-12] reported to date who died of liver
failure due to extensive metastatic growth of sarcomatoid
carcinoma despite postoperative chemotherapy. The
histologic features, stage, and outcome of the reported
cases indicate that this neoplasm generally pursues a
highly aggressive and malignant biological course with
rapid growth and wide local infiltration, leading to a poor
prognosis. Radical surgery with adjuvant chemotherapy,
and close follow-up are necessary for the management of
this disease.
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Abstract
Metastatic melanoma to the common bile duct is very
rare with only 18 cases reported so far. We report a
46 year old women who, 18 mo after excision of a
skin melanoma, developped a painless progressive
obstructive jaundice. At operation a melanoma within the
distal third of the common bile duct was found. There
were no other secondaries within the abdomen. The
common bile duct, including the tumor, was resected and
anastomosed with Roux-en-Y jejunal limb. The patient
survived 31 mo without any sign of local recurrence and
was submitted to three other operations for axillar and
brain secondaries, from which she finally died. Radical
resection of metastatic melanoma to the common bile
duct may result in lifelong relief of obstructive jaundice.
It is safe and relatively easy to perform. In other cases, a
less aggressive approach, stenting or bypass procedures,
should be adopted.
© 2007 The WJG Press. All rights reserved.

Key words: Metastatic melanoma; Common bile duct;
Jaundice
Colovic RB, Grubor NM, Jovanovic MD, Micev MT, Colovic
NR. Metastatic melanoma to the common bile duct causing
obstructive jaundice: A case report. World J Gastroenterol
2007; 13(5): 813-815

http://www.wjgnet.com/1007-9327/13/813.asp

INTRODUCTION
The great majority of malignant melanomas arise from
the skin, squamous mucose membranes, retina, and

leptomeninges. They can metastasize to almost every organ
of the body. The intraabdominal viscera are involved
in diffuse metastatic disease in approximately 60% of
patients[1-3]. DasGupta and Brasfield in 1964 reported a
15% involvement of the gallbladder and 6% involvement
of the remainder of the biliary tree[2].

CASE REPORT
A 46-year-old woman was admitted to our hospital with
painless progressive obstructive jaundice. Previously she
had been submitted to excision of a skin melanoma on
the back in a local hospital. Our laboratory data showed
an elevated bilirubin (235.9 μmol/L, direct bilirubin 138.4
μmol/L), alkaline phosphatase (1540 U/L), gama GT (638
U/L), SGOT (525 U/L), SGPT (870/U/L), and ESR
(76/1 h). Ultrasonography showed a dilated gallbladder
and common bile duct and suspected stone within the
distal third of the common bile duct. In December
1996, a cholecystectomy was performed. An operative
cholangiography through the cystic duct showed a
tumorous mass within the distal common bile duct causing
almost complete obstruction (Figure 1). The duodenum
was mobilized, the common bile duct was opened
and a piece of dark soft tumour tissue was removed.
Frozen section biopsy showed a malignant melanoma.
The common bile duct was then carefully dissected and
transected 1 cm away from the lower edge of the tumor.
The duct was proximally resected close to the convergence
of the hepatic ducts. The distal end of the common bile
duct was oversewn and the proximal end was anastomosed
with Roux-en-Y jejunal limb. A careful search showed no
other secondaries within the abdomen.
The recovery was uneventful. Histopathology revealed
ill-defined epithelioid tumor cell aggregates infiltrating bile
ducts and the surrounding fibro-adipose structures. There
was strong brown granular intracytoplasmic pigmentation
in some parts of the infiltrate (Figures 2 and 3). FontanaMasson histochemical staining confirmed melanin pigment
and positive strong anti-S100 protein and anti-HMB45
immunoreactivity with weak positivity to anti-melan A
antibodies proved the diagnosis of a metastatic melanoma.
The patient survived 31 mo without any signs of local
recurrence. She had to be submitted to another three
surgeries for the axillar and brain secondaries, which were
a final cause of her death.

www.wjgnet.com

814

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

February 7, 2007

Volume 13

Number 5

Figure 1 Showing filling defect
within the distal common bile
duct causing almost complete
obstruction.

Figure 2 A pigmented malignant tumour evidently infiltrates extrahepatic bile duct.
Later histochemical and immunohistochemical analyses showed melanoma cells
(HE, × 13).

Figure 3 Higher magnification of the same tumour field showed insular and
trabecular-to-solid histological organization of melanoma cells. Most of the cells
were hyperpigmented with massive intracytoplasmic melanosome granules
(HE, × 64).

DISCUSSION
The first case of a metastatic melanoma to the bile duct
was described by Spigelberg in 1895, and the second by
Duval in 1908[4]. A search throughout Medline showed
18 metastatic melanomas to the common bile duct
reported so far[4-19]. Within this period, about 20 cases of
primary malignant melanomas of the common bile duct
have been described. However, in spite of confirmatory
immunohistochemical stains, electron microscopic studies,
the presence of junctional activity adjacent to the tumour,
and tests to rule out other possible remote or concurrent
primary sites, absolute exclusion of a metastatic melanoma
from an unknown occult site or regressed site is not
entirely possible[20]. The melanoma secondaries usually
arise from the primary skin lesion but occasionally they
may arise from primary or metastatic melanoma of the
gallbladder[7,12,16].
Patients with metastatic melanoma to the common bile
duct usually present with progressive painless obstructive
jaundice [4,19] . Rarely the patients have hematobilia [10] ,
pain [5,8] , or cholangitis [19] . Laborator y data show a
cholestatic jaundice. On ultrasonography this tumour
is echogenic with little or no acoustic shadowing[9]. The

www.wjgnet.com

exact preoperative diagnosis of the tumour is established,
almost exclusively when localised at the Vater’s papilla
so that a biopsy can be taken [18] , or on the basis of
histologic examination of a small fragment of the tissue
retrieved from the bile duct with a Dormia basket after
papilotomy[19].
The current literature has few recommendations
with regard to appropriate treatment of the melanoma
metastases to the bile ducts [14,19]. It seems reasonable
to perform radical surgical resection in patients with
potentially curable disease and isolated deposits in the bile
duct[14,19]. We believe it is paticularly indicated if resection
is not too dangerous and if it is relatively easy to perform,
as in the present case. A resection may be necessary in
cases of serious hematobilia[10]. If there is a concurrent
metastatic disease elsewhere, it is prudent to adopt a
less aggressive approach in order to relieve obstructive
jaundice, such as the bypass procedures[14], or stenting[18,19].
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Abstract
Colorectal cancer (CRC) is a common malignant disease
and the severe nature of cases in men and women
who develop colorectal cancer makes this an important
socio-economic health issue. Major challenges such as
understanding and modeling colorectal cancer pathways
rely on our understanding of simple models such as
outlined in this paper. We discuss that the development
of novel standardized approaches of multidimensional
(correlative) biomolecular microscopy methods facilitates
the collection of (sub) cellular tissue information in
the early onset of colorectal liver metastasis and that
this approach will be crucial in designing new effective
strategies for CRC treatment. The application of
X-ray micro-computed tomography and its potential
in correlative imaging of the liver vasculature will be
discussed.
© 2007 The WJG Press. All rights reserved.

Key words: Apoptosis; Australia; Correlative microscopy;
Endothelial cells; Hepatic metastasis; Colorectal cancer;
CC531; Gaps; Interferon gamma; Kupffer cells; Natural
killer cells; Nitric oxide; Macrophages; Modeling;
Phagocytosis; Plugging; Pit cells; Stellate cells; X-ray
micro-computed tomography
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INTRODUCTION
Colorectal cancer (CRC) is a common malignant disease,
with the majority of deaths attributable to hepatic
metastasis. In the Western world, it is the second cause
of cancer death in women after breast cancer, and the
third cause of cancer death in men after lung and prostate
cancer, being responsible for about 492 000 deaths p.a.
worldwide and 4500 deaths p.a. in Australia[1]. In addition,
the statistical data reveal that the risk of developing CRC
disproportionately strikes individuals in the age group 65
years and older, illustrating its health longevity impact on
the ageing population. At the first diagnosis of CRC, 20%
of the patients already have liver metastasis and 30% of
the patients will develop metastasis afterwards. 80% of the
patients who die of CRC have metastases in the liver and
prognosis is generally poor[2].
It is obvious that once the tumour cells have immigrated
to the liver, they cross the hepatic sinusoidal endothelial
barrier and by the time liver metastases form, most steps in
the metastatic cascade have been completed. Consequently,
exploring the preceding stages of CRC metastasis,
proliferation and new blood vessel formation as well as
mechanisms to disturb cell survival are to date of main
interest as they are largely unexplored. As discussed in the
following sections, the availability of new reconstructing
and modeling techniques provide liver cancer biologists
with an invaluable tool to bridge the gap between bench
science and the development of potential novel liver CRC
(immuno) therapeutic strategies.

COLORECTAL CANCER AND THE HEPATIC
SINUSOIDAL IMMUNE SYSTEM
When the tumour cells invade the vascular bed and
metastasise to the liver, they encounter the liver specific
immune defence mechanisms. This hepatic sinusoidal
immune system involves the hepatic-specific natural killer
cells (NK) (pit cells)[3], Kupffer cells (KC) (liver-associated
macrophages)[4] and hepatic endothelial cells (HEC)[5], and
is proven to play an important role in protecting the liver
from invading colon carcinoma cells[6]. The conventional
paradigm of CRC liver metastasis is based on a multi-step
process characterized by a series of structural, cellular and
molecular events, which give the tumour cells the ability
to proceed through the many phases of liver metastasis.
Based on literature survey the following common sequence
of key-events within the liver sinusoids are involved in the
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Figure 1 Schematic representation of
the local hepatic sinusoidal immune
defence system in the different steps of
CRC liver metastasis (Steps Ⅰ to Ⅲ)
as outlined in detail in the “Phagocytosis,
Apoptosis, Endothelial Retraction
and Tumour Survival"-section. The
subsequent steps in the metastatic
cascade as denoted by question marks
illustrate that considerable work remains,
especially once CRC cells traverse the
sinusoidal endothelial lining and invade
the liver tissue.
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process of CRC liver metastasis: Tumour cells approach
the liver tissue through finer branches of the portal vein,
where they will be trapped in either the finest branch of
the portal veins, or the portal hepatic sinusoids. These
sinusoids are narrow and tortuous. The diameter of
sinusoids is much smaller than the diameter of CRC cells.
NK and KC are mobile cells and can be seen moving along
the hepatic sinusoid in in vivo microscopy experiments
(our unpublished data). At this stage, the NK and KC are
seen to be associated with the majority of the tumour
cells, resulting in cytolysis and subsequent phagocytosis
of the majority of the cancer cells [7-9] . Subsequently,
specific adhesion of tumour cells within the hepatic
microcirculation and active extravasation of the surviving
cancer cells through the damaged hepatic endothelium
takes place[10]. Both are believed to be essential events for
cancer metastasis in the liver[11]; although others postulate
that tumour cells develop exclusively intravascularly during
the early stages[12]. However, it has been demonstrated
that endothelial damage and gap formation occurs in
both scenarios, enabling large cellular surface interactions
between the tumour cells and the hepatocytes[9-11].
In a later stage, matrix proteins derived from the
stellate cells (SC) (liver-associated fibroblasts) are believed
to provide a substrate for migration of tumour cells and
infiltrating immuno-competent cells, whereas later on tight
structures of matrix proteins surrounding tumour nodules
provide a barrier for establishment of direct KC- and NKcell-to-tumour-cell-contact and/or targeted therapies[9,13].
This is supported by the observation that large numbers of
KC and NK cells were not activated at later phases in the
metastasis process[14]. Finally, CRC cells spread throughout
the liver, followed by the abdominal and peritoneal
cavity[9,15].
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PHAGOCYTOSIS, APOPTOSIS, ENDOTHELIAL
RETRACTION AND TUMOUR SURVIVAL
Our previous microscopy and fine structural immunochemistry
studies significantly contributed to the above model and
as depicted in figure 1 we were able to demonstrate that
KC, NK and HECs all work together in concert as one
immune-surveillance guardian in the defence against CRC
liver metastasis (Figure 1)[6]. Furthermore, it was shown
that phagocytosis and apoptosis are key processes in three
central steps in the complex CRC liver metastatic cascade,
briefly: (Step Ⅰ) When CC531s colon carcinoma cells
encounter the liver sinusoid about 90% of the tumour
cells are eliminated by a synergistic action between KC
and NK cells [9]; (Step Ⅱ) We have proven that HECs
express FasL and that about 5% of the colorectal CC531s
cell population express functional Fas under influence
of IFN γ and NO released in the sinusoid by NK and
HECs, respectively. In this situation, the IFNγ-activated
pathway supports the immune system by inducing
apoptosis in CC531s cells[16]; (Step Ⅲ) Conversely, Fas
expressing HEC undergo apoptosis by FasL expressing
CC531s cells. As a result, about 5% of the CC531s cells
are able to escape the local immune system and provide
themselves a gateway towards the liver tissue as the HECs
retracts. Next the CC531s cells have free access to the
Fas expressing hepatocytes (Hep) which undergo in turn
apoptosis by the FasL bearing CC531s cells and as a result
invade the liver tissue[17]. Reconstruction data obtained via
the aid of confocal laser scanning microscopy indicated
that surviving cancer cells are primarily confined to the
Space of Disse and to the Glisson capsule, suggesting that
metastasis would initiate from this extracellular matrix-rich
region.
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Figure 2 Transmission electron microscopy
photomicrograph at low magnification (6700 x)
of rat liver one week after i.v. injection of one
million CC531s colon cancer cells. Tumour cells
(Tc) can be recognized by a ribosome-rich, bulky
cytoplasm containing few organelles. Tumour cell
nuclei are large and contain mostly euchromatin.
In this picture, tumour cells have already taken
position in the liver parenchyma and compress
or deform the parenchymal cells (Pc1 and Pc2).
In this stage, tumour cells are so numerous that
defending cells, such as Kupffer cells (Kc) and
monocytes (M) in the hepatic sinusoids (sin) and
B lymphocytes (B) seem to be no longer involved
as in earlier stages. At this stage of tumour cell
settlement, rebuilding of the hepatic tissue sets in
and soon small visible white spots of metastasis
will be seen on the surface of the liver.

B

sin

Pc

sin
Pc

Overall, based on our combined light-, laser- and
electron microscopic in vivo and in situ studies, we believe
that the majority of tumour cells entering the liver will
be destroyed in this first confrontation with hepatic
sinusoidal cells. The trouble is supposed to be the fact
that only a very few tumour cells need to escape from the
hepatic sinusoids and after settling in the liver parenchymal
tissue, as depicted in the photograph (Figure 2), they
form metastases and start spreading new tumour cells in
the hepatic tissue (i.e., secondary metastasis). It is also
supposed that after leaving the hepatic sinusoids, the
tumour cells are not chased by the local hepatic sinusoidal
immune cells, and that the liver tissue has to rely from
that moment onwards on other cellular- and immune
defence systems, such as those offered by cytotoxic T cells,
monocyte-derived macrophages and others.

RECONSTRUCTING AND MODELING
COLORECTAL HEPATIC METASTASIS
WITH CORRELATIVE THREE-DIMENSIONAL
IMAGING TECHNIQUES
In the past, mainly two-dimensional structural tissue
information has been generated about the metastasis
pathways of CRC tumour for mation in the liver.
Attempts to target specific CRC pathways for therapeutic
intervention, such as apoptosis by cell-death mediated drug
delivery and/or new blood vessel outgrowth by specific

anti-angiogenic drug release, partly failed because of our
limited structural and molecular understanding about the
tumour’s complex cell- and tissue microenvironment using
two-dimensional imaging. New concepts and progress
in cell biology have been discovered thanks to improved
correlative microscopy techniques that continue to rely
predominantly on advances in new, three-dimensional
(3D) reconstr ucting and modeling techniques [18,19] .
Ideally, 3D correlative microscopy can be defined as an
imaging platform aiming to cross-correlate information
with multiple microscopy techniques on the same tissue(s)
and/or cell(s). There is growing evidence from the
literature that this approach facilitates the understanding
of cellular and/or rare events by providing the possibility
to collect new qualitative and quantitative information
in a large sample volume [20,21] . In the past our group
successfully applied different biomolecular microscopy
methods on our CC531s CRC model. The data conferred
under the above section were obtained by combining
confocal laser scanning-[9,22], live cell-[23], atomic force-[24],
scanning electron- [10,17] and transmission electron [16,25]
microscopy data. In line, we started up correlative
confocal laser scanning microscopy-[9,18] and X-ray microcomputed tomography (CT)[26] studies as defined above
to quantitatively collect the spatial and temporal cell- and
tissue architecture at different resolution levels of CRC
hepatic metastasis (vide infra).
In a recent study [27] , we applied the impregnation
method in which en bloc staining of perfused-fixed hepatic
tissue with osmium tetroxide and uranyl acetate was shown
www.wjgnet.com
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feature heavily in the future quest to understand and to
quantitatively define the spatial and temporal mechanisms
regulating the pathways of CRC liver metastasis. There will
be no doubt that elucidating the subcellular and molecular
events of tumour-mediated cell-death processes (apoptosis)
and collecting simultaneously additional structural and
functional data in tumour-induced new blood vessel
formation (angiogenesis) will be of main interest in future
combined imaging studies as this approach will most
probably result in an accurate correlative representation of
the liver architecture and the tumour’s microvasculature.
One may hope that the combination of correlative
insights gathered will be a breakthrough in the study of
liver tumours and this will facilitate novel targeted cancer
therapies in the long-term.
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volume of the macro- and microvasculature of hepatic
tissue with X-ray micro-computed tomography (Figure 3).
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micro CT imaging of the hepatic vasculature as the large
blood vessels such as the hepatic portal veins, and the
smaller blood vessels i.e., the hepatic sinusoidal vascular
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contrasting method to the CC531s CRC metastasis model[9]
it was observed that the dense array of blood vessels was
interrupted in the liver tissue samples bearing the CRC
cells when compared to the controls[27]. This is in line with
the earlier observations made by Maehara[28] who showed
tumour-induced reorganization of the auricular vascular
bed after barium sulphate contrasting. Based on these
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microscopy methods and modeling techniques will
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COMMENTS
Background

Major challenges such as understanding and modeling colorectal liver metastases
pathways rely on the understanding of simple models derived from large
biomolecular image data sets.

Research frontiers

This paper elegantly demonstrated that the development of novel standardized
approaches of multidimensional (correlative) biomolecular microscopy methods
facilitated the collection of (sub) cellular tissue information in the early onset of
colorectal liver metastasis and that this approach is crucial in designing new
effective strategies for colorectal cancer treatment.

Innovations and breakthroughs

Advanced multidimensional correlative microscopy methods and modeling
techniques will feature heavily in the future quest to understand and to
quantitatively define the spatial and temporal mechanisms regulating the pathways
of colorectal cancer liver metastasis.

Applications

There is no doubt that the “correlative insights”-approach, as discussed in depth
in this “invitation expert review“-paper, will be a breakthrough in the study of liver
tumours and will facilitate the design of novel targeted cancer therapies.

Terminology

Colorectal cancer is a common malignancy that frequently metastasizes to the
liver. Identifying the mechanisms regulating the nanobiology of colorectal liver
metastasis, as well as gaining a better understanding of the interaction between
the metastatic tumour cell and the different types of liver cells, including the liver
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vasculature, is a first when new therapeutic approaches wanted to be designed.
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Peer review

How and why colorectal cancer cells metastasize to the liver has always been a
subject of continuing interest. The authors describe this concept nicely, supported
by excellent pictures.

REFERENCES
1
2
3
4
5

6
7

8

9

10

11

12

13

Australian Institute of Health and Welfare. Cancer in
Australia 2000. Cancer series no. 23. Canberra, 2003
Hamady ZZ, Kotru A, Nishio H, Lodge JP. Current techniques
and results of liver resection for colorectal liver metastases. Br
Med Bull 2004; 70: 87-104
Nakatani K, Kaneda K, Seki S, Nakajima Y. Pit cells as liverassociated natural killer cells: morphology and function. Med
Electron Microsc 2004; 37: 29-36
Naito M, Hasegawa G, Ebe Y, Yamamoto T. Differentiation
and function of Kupffer cells. Med Electron Microsc 2004; 37:
16-28
Enomoto K, Nishikawa Y, Omori Y, Tokairin T, Yoshida M,
Ohi N, Nishimura T, Yamamoto Y, Li Q. Cell biology and
pathology of liver sinusoidal endothelial cells. Med Electron
Microsc 2004; 37: 208-215
Vekemans K, Braet F. Structural and functional aspects of the
liver and liver sinusoidal cells in relation to colon carcinoma
metastasis. World J Gastroenterol 2005; 11: 5095-5102
Kan Z, Ivancev K, Lunderquist A, McCuskey PA, McCuskey
RS, Wallace S. In vivo microscopy of hepatic metastases:
dynamic observation of tumor cell invasion and interaction
with Kupffer cells. Hepatology 1995; 21: 487-494
Rushfeldt C, Sveinbjørnsson B, Seljelid R, Smedsrød B. Early
events of hepatic metastasis formation in mice: role of Kupffer
and NK-cells in natural and interferon-gamma-stimulated
defense. J Surg Res 1999; 82: 209-215
Timmers M, Vekemans K, Vermijlen D, Asosingh K, Kuppen
P, Bouwens L, Wisse E, Braet F. Interactions between rat colon
carcinoma cells and Kupffer cells during the onset of hepatic
metastasis. Int J Cancer 2004; 112: 793-802
Vekemans K, Timmers M, Vermijlen D, De Zanger R, Wisse E,
Braet F. CC531s colon carcinoma cells induce apoptosis in rat
hepatic endothelial cells by the Fas/FasL-mediated pathway.
Liver Int 2003; 23: 283-293
Vidal-Vanaclocha F. Role of sinusoidal endothelium in the
pathogenesis of liver disease. In: Vidal-Vanaclocha F, editor.
Functional Heterogeneity of Liver Tissue. Austin: R.G. Landes
Company, 1997: 110-132
Mook OR, Van Marle J, Vreeling-Sindelárová H, Jonges R,
Frederiks WM, Van Noorden CJ. Visualization of early events
in tumor formation of eGFP-transfected rat colon cancer cells
in liver. Hepatology 2003; 38: 295-304
Shimizu S, Yamada N, Sawada T, Ikeda K, Kawada N, Seki
S, Kaneda K, Hirakawa K. In vivo and in vitro interactions
between human colon carcinoma cells and hepatic stellate
cells. Jpn J Cancer Res 2000; 91: 1285-1295

15

16

17

18

19

20
21
22
23

24

25

26
27

28

Griffini P, Smorenburg SM, Vogels IM, Tigchelaar W, Van
Noorden CJ. Kupffer cells and pit cells are not effective in
the defense against experimentally induced colon carcinoma
metastasis in rat liver. Clin Exp Metastasis 1996; 14: 367-380
Lopes Cardozo AM, Gupta A, Koppe MJ, Meijer S, van
Leeuwen PA, Beelen RJ, Bleichrodt RP. Metastatic pattern
of CC531 colon carcinoma cells in the abdominal cavity: an
experimental model of peritoneal carcinomatosis in rats. Eur J
Surg Oncol 2001; 27: 359-363
Vekemans K, Braet F, Muyllaert D, Wisse E. Nitric oxide from
rat liver sinusoidal endothelial cells induces apoptosis in IFN
gamma-sensitized CC531s colon carcinoma cells. J Hepatol
2004; 41: 11-18
Vekemans K, Braet F, Wisse E. DiO-labeled CC531s colon
carcinoma cells traverse the hepatic sinusoidal endothelium
via the Fas/FasL pathway. J Gastrointest Surg 2004; 8: 371-372;
author reply 372
Robinson JM, Takizawa T, Pombo A, Cook PR. Correlative
fluorescence and electron microscopy on ultrathin
cryosections: bridging the resolution gap. J Histochem Cytochem
2001; 49: 803-808
Grabenbauer M, Geerts WJ, Fernadez-Rodriguez J, Hoenger
A, Koster AJ, Nilsson T. Correlative microscopy and electron
tomography of GFP through photooxidation. Nat Methods
2005; 2: 857-862
Koster AJ, Klumperman J. Electron microscopy in cell biology:
integrating structure and function. Nat Rev Mol Cell Biol 2003;
Suppl: SS6-SS10
Takizawa T, Robinson JM. Correlative microscopy of ultrathin
cryosections in placental research. Methods Mol Med 2006; 121:
351-369
Timmers M, Vermijlen D, Vekemans K, De Zanger R, Wisse E,
Braet F. Tracing DiO-labelled tumour cells in liver sections by
confocal laser scanning microscopy. J Microsc 2002; 208: 65-74
Vekemans K, Timmers M, Vermijlen D, Zanger RD, Wisse E,
Braet F. Cytotoxic reactions of CC531s towards liver sinusoidal
endothelial cells: a microscopical study. Comp Hepatol 2004; 3
Suppl 1: S49
Braet F, Vermijlen D, Bossuyt V, De Zanger R, Wisse E. Early
detection of cytotoxic events between hepatic natural killer
cells and colon carcinoma cells as probed with the atomic force
microscope. Ultramicroscopy 2001; 89: 265-273
Vermijlen D, Luo D, Froelich CJ, Medema JP, Kummer
JA, Willems E, Braet F, Wisse E. Hepatic natural killer cells
exclusively kill splenic/blood natural killer-resistant tumor
cells by the perforin/granzyme pathway. J Leukoc Biol 2002; 72:
668-676
Ritman EL. Micro-computed tomography-current status and
developments. Annu Rev Biomed Eng 2004; 6: 185-208
Ananda S, Marsden V, Vekemans K, Korkmaz E, Tsafnat
N, Soon L, Jones A, Braet F. The visualization of hepatic
vasculature by X-ray micro-computed tomography. J Electron
Microsc (Tokyo) 2006; 55: 151-155
Maehara N. Experimental microcomputed tomography study
of the 3D microangioarchitecture of tumors. Eur Radiol 2003;
13: 1559-1565
S- Editor Liu Y L- Editor Worthley DL

E- Editor Lu W

www.wjgnet.com

World J Gastroenterol 2007 February 14; 13(6): 826-829
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

REVIEW

Current role of bloodless liver resection
Spiros G Delis, Juan Madariaga, A Bakoyiannis, Ch Dervenis
Spiros G Delis, A Bakoyiannis, Ch Dervenis, Liver Surgical
Unit, A Surgical Clinic, Agia Olga Hospital, Athens, Greece
J u a n M a d a r i a g a , Department of Surgery, Division of
Transplantation & Liver Surgery, University Of Miami School of
Medicine, Miami, Florida, United States
Correspondence to: Spiros G Delis MD, PhD, Liver Unit, A
Surgical Clinic, Agia Olga Hospital, 3-5 Agias Olgas str., Athens,
Greece. sdelis55@hotmail.com
Telephone: +3-210-5012849 Fax: +3-210-5012849
Received: 2006-06-29
Accepted: 2006-07-18

Abstract
Liver resections are demanding operations which can
have life threatening complications although they are
performed by experienced liver surgeons. Recently new
technologies are applied in the field of liver surgery,
having one goal: safer and easier liver operations. The
aim of this article is to address the issue of bloodless
liver resection using radiofrequency energy. Radionics,
TM
Cool-tip System and Tissue Link are some of the
devices which are using radiofrequency energy. All
information included in this article, refers to these
devices in which we have personal experience in our
unit of liver surgery. These devices take advantage of
its unique combination of radiofrequency current and
internal electrode cooling to perform sealing of the
small vessels and biliary radicals. Dissection is also
feasible with the cool-tip probe. For the purposes of
this study patient sex, age, type of disease and type of
surgical procedure in association with the duration of
parenchymal transection, blood loss, length of hospital
stay, morbidity and mortality were analyzed. Cool-tip
RF device may provide a unique, simple and rather safe
method of bloodless liver resections if used properly. It
is indicated mostly in cirrhotic patients with challenging
hepatectomies (segment Ⅷ, central resections). The
total operative time is eliminated and the average blood
loss is significantly decreased. It is important to note
that this technique should not be applied near the hilum
or the vena cava to avoid damage of these structures.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Bleeding after liver resection remains a significant factor
affecting prognosis. The concept of introducing new
bloodless techniques to facilitate surgical resection of liver
tumors have stimulated hepatobiliary surgeons. This has
taken the form of vascular occlusion of the inflow (Pringle),
the outflow or both (total vascular exclusion). Ischemic
preconditioning or hemi-hepatic inflow vascular occlusion
are alternative methods better tolerated in patients with
cirrhosis. Although vascular occlusion techniques have
been proven effective to control intraoperative bleeding,
the pathophysiologic effects are still poorly analyzed and
difficult to predict for patients with decreased hepatic
reserve[1-5].

PATHOPHYSIOLOGIC EFFECTS OF
VASCULAR OCCLUSION
The Pringle maneuver places the surgical candidate at a
high risk for liver damage due to ischemia and subsequent
postoperative liver failure[4,5]. The spectrum of mechanism
leading to ischemia-reperfusion (I-R) injury is large
and involves metabolic and mitochondrial changes as
adenosine triphosphate depletion, Kupffer cell activation,
release of reactive oxygen species, cytokine secretion and
microcirculatory disturbances. Granulocytes have been
strongly suggested to play a key role in the amplification
of I-R injury ending in apoptosis, necrosis and organ
failure [6,7]. A recent paper by Kukita showed that the
Pringle maneuver in hepatectomy caused remnant liver
injury in a pig model by expression of iNOS, a marker
related to I-R injury[8].

THE USE OF RADIOFREQUENCY DEVICES
IN LIVER RESECTION
Recent efforts have aimed to perform bloodless liver
resections in the setting of parenchymal transection with
new sophisticated devices[9-14] avoiding inflow occlusion.
The Cool–tip radiofrequency device (Radionics, Tyco
Healthcare) and the Tissue Link equivalent both use
radiofrequency energy transmitted through the electrode
to the adjacent liver parenchyma causing ion vibration with
heat production. In fact the devices are able to achieve
both necrosis of the liver tissue and sealing of blood
vessels up to 3 mm in diameter by collagen fusion[9]. The
saline circuit at the tip of the RF needle offers better ion
agitation thus preventing charring with eschar formation.
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DISCUSSION
The unique function to enhance heat conduction with
a better tumoricidal effect makes these devices an
advantageous tool for liver transactions. These findings
lend important functional suppor t to the concept
of bloodless liver resection in cirrhotic patients and
demanding segmentectomies (segment Ⅷ, central
hepatectomy etc). There is also a theoretical advantage of
further liver necrosis beyond the demarcation line with
increase of the surgical margin as proved by enzymatic
analysis in frozen liver specimens[13]. However, the effect
of this amount of necrotic tissue on cirrhotic patients with
limited liver remnant reserve is not clear.
From our own experience, in more than 30 liver
resections in fibrotic or even cirrhotic livers with both
devices, the negative effect is minimal. We noted one case of
hyperbilirubinemia postoperatively in a thrombocytopenic
patient with hepatitis C related cirrhosis after a segment Ⅴ
-Ⅵ resection for a 5 cm single hepatocellular carcinoma
(HCC). However the enzymes declined sharply the
following days. In challenging segmentectomies the
adjacent liver damage is not avoided but overall it is not
harmful. The high postoperative aspartate aminotransferase
(AST) levels reflect the coagulation-necrosis pattern at
the raw surface of the remnant liver parenchyma and the
maximum AST value is well correlated with the transection
area[13]. It is worth noting that parenchymal degeneration
is limited to the transection surface, which differs from
the whole-liver ischemic damage caused by the Pringle
maneuver. In addition coagulation induced by RF might
be less prone to infection as we noted in our series, in
opposition to ischemic necrosis due to inflow occlusion.
There is growing evidence that radio frequency (RF)
is implicate in the enzymatic mechanism of cell division
causing cell apoptosis [13] . In this regard, as already
reported, an exciting possibility of tissue ablation beyond
the histologic margins exists but needs further studies to
establish its clinical effectiveness.
Complications relating to biliary tree following RF
ablation are described in the literature[12]. Such complications
remain to be the main problem with major resections using
RF and regardless of the ultimate advantageous function
of a bloodless RF device the liver surgical principles of
hilar dissection should not be overlooked. There is a
sense that, although the technique simplifies parenchymal
transection, it cannot alter the conventional thought
that such devices must only be used by experienced
hepatobiliary surgeons. At the beginning of the learning
curve with these new techniques we experienced two bile
leaks suggesting that the dissecting sealer provides secure
sealing of small bile ducts.
Even major anatomic liver resections can usually be
performed without inflow occlusion and with infrequent
need for blood transfusion. The results compare favorably
with reports in which inflow occlusion was used routinely[2].
Most of the blood loss during major resections occurred
from small branches or side holes of the middle hepatic
vein. Unfortunately this anatomic structure appeared to be
more difficult to visualize with the RF devises compared
with CUSA or the traditional Kelly crashing technique and
is correlated with similar findings pointed out by Poon[11].
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However the likelihood of vessel identification is strongly
affected by operator experience. Although Poon et al[11]
suggest selective use of Tissue Link for wedge resections
and segmentectomies our experience with application of
both Radionics and Tissue Link in major liver resections is
promising regarding blood loss and transection time. Even
though the transection time appears to be longer with
our approach due to the lower transection speed of the
device we demonstrate better control of capillary bleeding
with subsequent less total operative time. An additional
advantage of the RF devices is their potential effectiveness
in the laparoscopic era of liver resection although it is still
premature.

OUR EXPERIENCE
In our series a total of 36 patients underwent liver
resections using the Radiofrequency Cool-Tip device
(Radionics, Tyco Healthcare) in the Liver Unit of Agia
Olga Hospital.
Patients and methods
Twelve patients had HCC, 20 had liver metastasis from
colon cancer (CRM), 1 cystic ovarian metastasis (OM) of
segment Ⅲ, 1 focal nodular hyperplasia (FNH), 1 liver
metastasis from renal tumor (RM) and 1 intrahepatic
cholangiocarcinoma (ICC). Sixteen major and twenty
minor hepatectomies have been performed using this new
device. A redo hepatectomy of segment Ⅵ combined with
wedge lung resection for an upper lobe metastatic lesion
and a laparoscopic segment Ⅲ resection were included,
both for CRM. Eight of our CRM patients had significant
steatosis (> 30%) due to preoperative chemotherapy.
All cases of HCC had underlying Child A cirrhosis with
normal platelet counts except for a hepatitis B, C and
Delta carrier with a low platelet count (PLT 84 000/mL)
due to mild portal hypertension and pegylated interferon
treatment.
Technique
The RF device was set at 95 watts on the 480 kHz
electrosurgical generator. RF should last 30-60 s to obtain
a zone of tissue necrosis with a radius of 1 cm and 3 cm
in depth. Once RF ablation has been completed (proven
by increase tissue impedance) a common scalpel was used
to divide the tissue. The probes were moved along the
transection line to accomplish both dissection and liver
coagulation. Small vessels < 5 mm and biliary radicles are
sealed by collagen fusion although major intrasegmentary
vessels (middle hepatic vein branch to segment Ⅷ) require
clips or sutures.
Results
The median transection time was 44 min (range 26 to 81
min).The operative time for parenchymal transection was
primarily affected due to two independent factors: (a) the
raw liver surface (major hepatectomies defined as more
than 3 segments resected were prolonged with median
transection time 62 min and range 47 to 81 min compared
to minor liver resections; median 30 min) and (b) the
underlying liver disease. Radionics required more time to
www.wjgnet.com
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perform resections in cirrhotic livers (median 45 min; range
30 to 70 min) compared to the non-cirrhotic control[5]
(median 30 min; range 25 to 50 min). Intraoperative blood
loss was 100 mL (range 30 to 300 mL). Stitches were not
placed except in the group of patients who underwent
major hepatectomies or challenging segmental resections.
All patients had a postoperative increase of liver
enzymes which normalized within 7 d. Serial monitoring
of liver function in the first 7 postoperative days revealed
peak serum aspartate aminotransferase (median 504.5 U/L,
range 101 to 856 U/L) on d 1 or 3 with a rapid decline
thereafter by d 7. Median peak postoperative serum
bilirubin level was 1, 17 mg/dL (range 0.45 to 3.48 mg/dL).
Resected specimens were carefully examined for depth
of tissue coagulation along the transection margin. Depth
of tissue coagulation was 3 to 5 mm while providing an
additional tumor negative margin at the resection border.
The in hospital mortality rate was zero. Procedure
related complications included two bile leaks managed
conservatively after major hepatectomies at the beginning
of our learning curve. It is obvious that sealing of biliary
radicles requires more time than vessels and therefore
meticulous ablation is mandatory. No liver failure was
reported in our series even in the cirrhotic group of
patients. No reoperation was documented for rebleeding.
The length of hospital stay ranged from 3 to 12 d with a
mean value of 7 d.
We concluded that RF assisted liver resections can
achieve low morbidity with minimal blood loss particularly
in cir rhotic livers or challenging segmentectomies
avoiding the sequela associated with the inflow occlusion
techniques.

combined with clips or staples and rely on intraoperative
cholangiograms to early diagnose and treat. (3) Although
the device provides excellent coagulation and is strongly
recommended for cirrhotic patients, limited experience
exists in patients with advanced cir rhosis, por tal
hypertension and low platelet count. (4) Sufficient data
is not available with regard to liver resection in jaundiced
patients with hilar cholangiocarcinoma wherein CUSA
or water-jet seems to be more efficient. However, the RF
devices are effective tools in a selective group of liver
surgical patients. A randomized prospective trial comparing
hepatectomies under intermittent Pringle maneuver or
without clamping using modern equipment would be
appropriate.
Although limited data regarding efficacy of the most
popular transaction devices (CUSA, Hydro-Jet) including
dissecting RF sealer is available the cost-effectiveness
of expensive devices is not thoroughly analyzed. Two
randomized controlled trials comparing clamp crushing
technique versus CUSA and CUSA versus Hydrojet using
inflow occlusion are published 15, 16. Both had critical
limitations which included normal and cirrhotic livers. In
the most recent prospective randomized study by Clavien
and associates, 17 conclude that clamp crushing technique
is the most efficient device in terms of resections time,
blood loss and blood transfusion frequency compared
with CUSA, Hydrojet and dissecting RF sealer. Pringle
was applied routinely in the group of clamp crushing
transection but not in the equivalent groups of bloodless
liver resection. Even though Kelly crashing was proved
the most cost-efficient, no marginal livers (cirrhotic,
cholestatic) were included in the study.

OTHER DEVICES USED IN LIVER RESECTION
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Abstract
Currently approved treatments for hepatitis B virus
(HBV) infection include the immunomodulatory agent,
IFN-α, and nucleos(t)ide analogues. Their efficacy is
limited by their side effects, as well as the induction
of viral mutations that render them less potent. It is
thus necessary to develop drugs that target additional
viral antigens. Chemicals and biomaterials by unique
methods of preventing HBV replication are currently
being developed, including novel nucleosides and newly
synthesized compounds such as capsid assembling
and mRNA transcription inhibitors. Molecular therapies
that target different stages of the HBV life cycle will
aid current methods to manage chronic hepatitis B
(CHB) infection. The use of immunomodulators and
gene therapy are also under consideration. This report
summarizes the most recent treatment possibilities for
CHB infection. Emerging therapies and their potential
mechanisms, efficacy, and pitfalls are discussed.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The hepatitis B virus (HBV) is a major world health
problem, Leading to 1.2 million deaths per year according
to the World Health Organization (WHO) [1] . HBV
www.wjgnet.com

infection can result in acute, fulminant, or chronic disease,
liver cirrhosis, and the development of hepatocellular
carcinomas (HCC). There is a vaccine, but no 100%
effective antiviral treatment available for patients with
chronic hepatitis B (CHB). The response rate to IFN
therapy, as measured by the loss of hepatitis B e antigen
(HBeAg), is less than 40%[2]. This treatment is even less
effective in Asian patients (primarily Chinese), particularly
for those with below normal alanine transaminase (ALT)
levels[3]. IFN therapy is also associated with many disabling
side effects and is therefore only suitable for some patients.
Since HBV DNA replication occurs via reverse
transcription[4], the use of reverse transcriptase inhibitors
is an attractive target for anti-HBV therapy. Nucleoside
analogues are chemically synthesized drugs that mimic
natural nucleosides. In China, three nucleoside/nucleotide
dr ugs are used to manage chronic HBV infection:
lamivudine (3TC), adefovir dipivoxil (ADV), and entecavir
(ETV). Although all three are potent viral suppressors,
none is able to permanently eradicate HBV[5]. As a result,
the durability of the antiviral response is suboptimal
once treatment is halted. In some patients, HBV DNA
levels and ALT concentrations increase and result in
a potentially life-threatening recurrence of disease [6,7].
Patients can only be safely withdrawn from nucleos(t)ide
therapy if HBeAg seroconverts to anti-HBe or HBV DNA
diminishes to undetectable levels[8,9]. To prevent disease
recurrence, long-term polymerase inhibitor maintenance
therapy is often required[10]. In addition, prolonged use of
nucleoside/nucleotide is associated with the emergence of
drug-resistant mutants[11,12], and clinically characterized by
increasing serum HBV DNA and ALT levels[10,13]. Each
drug has a different profile of resistant mutations[14], so
it is essential that each is appropriately managed. These
findings underscore a requirement for new and bettertolerated therapies for hepatitis B virus infection.
In this report, we review different strategies for drug
design, and evaluate their effectiveness in vitro, in models
of HBV replication in vivo, and in clinical trials.

NUCLEOSIDE ANALOGUES
Orally applied nucleoside and nucleotide analogs have been
important therapies against HBV infection throughout
the last decade. The nucleoside analogs, lamivudine and
entecavir, and the nucleotide analog, adefovir dipivoxil, are
approved for use in humans. Many similar compounds are
being tested in preclinical or clinical settings (Table 1).
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Table 1 Anti-HBV nucleoside/nucleotide analogues under development
Phase

Drugs

Company

Phase Ⅲ

Emtricitabine (FTC)
Tenofovir DF
Telbivudine (L-dT)
Clevudine (L-FMAU)
Elvucitabine (β-L-Fd4C)
Valtorcitabine (val-L-dC)
Amdoxovir (DAPD)
Racivir [(+/-)-FTC]
LB80380
Alamifovir (purine nucleoside analogue)
MIV 210 (FLG prodrug)
Hepavir B (PMEA prodrug)
β-L-FddC
6- [2- (phosphonomethoxy) alkoxy]-2, 4-diaminopyrimidines
2-benzenesulfonylalkyl-5-substituted-sulfanyl-[1, 3, 4]-oxadiazoles

Gilead (California, USA)
Gilead (California, USA)
Idenix (Massachusetts, USA)
Gilead/Triangle (California, USA)
Achillion (Connecticut, USA)
Idenix (Massachusetts, USA)
Triangle (California, USA)
Pharmasset (New Jersey, USA)
LG Life Sciences (Seoul, Korea)
Lilly/Mitsubishi (Indiana, USA/Osaka, Japan)
Medivir/GSK (Huddinge, Sweden/Brentford, UK)
Ribapharm (California, USA)
Biochem/GSK (Sante-Foy, Canada/Brentford, UK)
Rega Institute for Medical Research, K.U.Leuven (Leuven, Belgium)
National University of Singapore (Singapore)

Phase Ⅱ

Phase Ⅰ

Pre-clinical

EMTRICITABINE (FTC)
Emtricitabine is a nucleoside analogue used for treatment
against human immunodeficiency virus (HIV) and also has
clinical activity against HBV. It has a similar structure to
lamivudine, differing only in a fluorine at its 5 prime end.
In a randomized double-blind study, patients received
200 mg of emtricitabine (n = 167) or a placebo (n = 81)
once daily for 48 wk and underwent a pretreatment and
end-of-treatment liver biopsy. Following treatment, 62% of
patients who had received emtricitabine had improved liver
histology, while only 25% of the placebo patients showed
improvement (P < 0.001). Significant improvement was
also demonstrated between subgroups that were positive
(P < 0.001) and negative (P = 0.002) for hepatitis B e (HBe)
antigen. Serum HBV DNA levels were below 400 copies/mL
in 54% (n = 167) of the emtricitabine group and only 2%
(n = 81) of the placebo group (P < 0.001), while alanine
aminotransferase levels were normal in 65% (109/167) of
the emtricitabine group and 25% (20/81) of the control
group (P < 0.001). At wk 48, 20 of 159 patients (13%)
from the emtricitabine group in whom HBV DNA was
detected at the end of treatment, had virus with resistance
mutations (95% confidence interval, 8%-18%). The rate
of seroconversion to anti-HBe (12%) and loss of HBe
antigen were not different between arms, and the safety
profiles of emtricitabine and placebo were similar during
treatment. Forty-eight weeks of emtricitabine treatment
resulted in significant histologic, virologic, and biochemical
improvement in chronic HBV infected patients, regardless
of whether HBe antigen was detectable[15].
Phase Ⅲ clinical trials are underway to determine the
long-term safety and efficacy of emtricitabine, however
its role as a monotherapy may be limited by its structural
similarity to lamivudine and the corresponding risk of
drug resistance.

TENOFOVIR (VIREAD, PMPA)
Tenofovir was FDA approved in 2001 for use in HIV
infected adults in combination with other antiretroviral
agents. Lamivudine-associated and ADEFOVIR-resistant

mutations were not detected when tenofovir was used in
a clinical trial. Thus, tenofovir may be a highly effective
rescue drug in HBV-infected patients who show altered
responsiveness to lamivudine and ADEFOVIR [16]. An
additional double-blind, placebo-controlled trial showed
that tenofovir may be a useful component of antiretroviral
therapy for HIV/HBV co-infected patients. Importantly,
tenofovir is equivalent to adefovir in its ability to reduce
HBV DNA levels, and may, in fact, be superior[17]. If HBV
treatment can be deferred until combination antiretroviral
therapy for HIV infection is needed, the combination
of tenofovir plus lamivudine or emtricitabine will be
the potent HBV therapy and a solid backbone for HIV
combination antiretroviral therapy, and a potent treatment
for HBV and it likely decreases the emergence of HBV
resistance. It will decrease the chance that HBV resistance
will emerge as well[18].

CLEVUDINE (L-FMAU)
Clevudine is a nucleoside analog with an unnatural
beta-L configuration, and in vitro studies suggest that it is
effective against lamivudine-resistant HBV mutants. In
the Woodchuck model, a daily clevudine dose of 10 mg/kg
resulted in a 100 million copies' decrease in viral load.
Interestingly, a delayed rebound in viral load was observed
after drug cessation in a dose-dependent manner. No
evidence of clevudine toxicity was observed in treated
animals, however, further studies are being conducted to
assess its long-term efficacy and safety[19]. Clinical trials
show that clevudine is one of the most potent analogs
available for treating HBV, and that its antiviral effects
can last up to 6 mo after treatment, as illustrated by
sustained normalization of ALT levels[18]. The mechanism
by which clevudine elicits its anti-hepadna virus activity
is distinct from other nucleoside analogs. It acts as a
competitive inhibitor by binding to the catalytic site of
HBV polymerase and inhibiting the priming of HBV
DNA chain elongation. Nucleoside inhibitors, in general,
interfere with viral polymerase activity through competitive
inhibition and incorporation into the viral DNA strands[20].
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TELBIVUDINE (LdT)
Telbivudine is a novel nucleoside analog that is being
developed for the oral treatment of chronic HBV. It is a
highly specific and selective inhibitor of replication in vitro,
and specifically targets the HBV DNA polymerase. Unlike
other nucleoside antivirals, telbivudine does not act against
other viruses or induce mitochondrial toxicity by targeting
mammalian DNA polymerases. Telbivudine preferentially
inhibits HBV second-strand (DNA-dependent) DNA
synthesis, in contrast to LdC and lamivudine, which are
first-strand (RNA-dependent) DNA synthesis inhibitors[21].
Telbivudine has a significantly higher rate of response
than the standard HBV treatment, lamivudine, as well as
superior viral suppression capability. It is generally well
tolerated, with a low adverse effect profile, and no toxicity
at its effective treatment dose.
Preclinical and clinical studies show that telbivudine
has good pharmacokinetic properties that support oncedaily dosing, and are not affected by gender, food intake,
or liver health. Patients with moderate to severe renal
impairment do require dose adjustment, however, which is
also necessary for other drugs of this class.
Phase Ⅱb clinical trial results illustrate that patients
with chronic HBV who are treated with telbivudine have
significantly greater virologic and biochemical responses
than those treated with lamivudine. Combination therapies
revealed similar results to those obtained using telbivudine
alone. These data support the ongoing phase Ⅲ evaluation
of telbivudine as a treatment for patients with chronic
HBV[22].

OTHER NUCLEOSIDE ANALOGS
Additional nucleoside analogs that have favorable toxicity
profiles and a promise of increased effectiveness against
HBV are in various stages of clinical development. The
phase Ⅲ trials of emtricitabine, clevudine, tenofovir, and
telbivudine will help define the efficacy and safety profiles
of these drugs, while the profiles of newer and more
potent drugs like LB80380 remain to be confirmed. It
is important to recognize, however, that many of these
compounds share cross-resistance profiles with existing
nucleoside analogues such as lamivudine, adefovir, and
entecavir[23,24]. As a result, these drugs may not offer much
advantage over current treatment regimens. Current
research efforts are focusing on the development of drugs
that offer low rates of resistance or little cross-resistance
with other nucleoside analogues.

NOVEL MOLECULAR TARGETS OF HBV
THERAPY
Because HBV pol carries out the enzymatic functions of
reverse transcription and DNA synthesis, it is the primary
target of HBV antiviral development[25]. Nucleoside and
nucleotide analogues are the primary class of antiviral
agents used for this purpose. In recent years, several
compounds that specifically attack molecular targets other
than HBV pol have been identified, including inhibitors of
HBV encapsidation and HBcAg translation. Encapsidation
www.wjgnet.com
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occurs when the viral RNA, pol, and core are assembled
into the nucleocapsid prior to viral replication[26].

HETEROARYLDIHYDROPYRIMIDINE (HAP)
The heteroaryldihydropyrimidines (HAPs), including
BAY41-4109, BAY38-7690, and BAY39-5493, are a new
class of antivirals that inhibit production of HBV virions.
HAPs show more favorable (50% and 90%) inhibitory
concentrations (IC50 and IC90) than lamivudine in a
cell-based HBV replication assay. They act as allosteric
effectors, binding the HBV core protein and resulting in
its degradation, which subsequently inhibits nucleocapsid
for mation [27] . HAPs inhibit HBV re plication in a
transgenic mouse model with an efficacy similar to that
of lamivudine[28]. Since these drugs destabilize preformed
capsids, they may be used to treat blood products in order
to lower the HBV transmission rates. Thus, HAPs may
become a valuable addition to anti-HBV therapy. None of
them has yet been tested in humans, but the clinical trial
results of Bay 41-4109 are expected.

PHENYLPROPENAMIDES
The phenylpropenamides represent another group
of compounds that inhibit encapsidation [29] . T he
phenylpropenamide derivatives, AT-61 and AT-130,
are synthesized and shown to inhibit HBV replication.
These agents inhibit encapsidation by directly preventing
nucleocapsid formation, a mechanism distinct from that
used by HAPs. In a cell-based replication system, the
phenylpropenamides are not as potent as lamivudine in
inhibiting HBV replication (the IC50 is approximately
10 times higher), but are active against the lamivudineresistant YMDD mutant[29,30]. These drugs are specific for
HBV and have no activity against related viruses such as
woodchuck hepatitis virus (WHV) and DHB. Although
this class of compounds has a favorable toxicity profile,
clinical trials are still required.

HELIOXANTHIN ANALOGUES
Helioxanthin was originally isolated from the shrub,
Taiwania ctyptomerioides, and its derivative, 5-4-2, was
synthesized in the laboratory. Helioxanthin and 5-4-2
belong to a class of small molecules that inhibit the
HBV DNA as well as the HBV RNA and viral protein
expression. Their structures are different from other antiHBV compounds, suggesting that they may have a unique
mode of action. Cheng YC et al[31] found that helioxanthin
and 5-4-2 inhibited HBV mRNA levels in HepG2 2.2.15,
as well as the HBV transcripts, 3.5 kb and 2.4/2.1 kb. The
HBV core protein also decreased after treatment. AntiHBV activity was evaluated in vitro using the HBV stably
transfected hepatoma cell lines, Wl0 (adr, wt) and DM2 (adr,
rtL180M/rtM204V, lamivudine-resistant), and helioxanthin
and 5-4-2 inhibited both wild type and mutated HBV.
Since the core protein activates the pregenomic/pre
C promoters, it is possible that the decrease in 3.5 kb
transcript results from a lack of transactivation by the
core protein. Helioxanthin and 5-4-2 profoundly inhibited
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pregenomic/preC and preS/S promoter activity using a
gene reporter system, suggesting that they target multiple
steps of the viral life cycle. The detailed mechanism of
action by this class of compounds is being explored, and
clinical trials are still required.

GLUCOSIDASE AND PEPTIDE INHIBITORS
OF CAPSID ASSEMBLY
The heavy glycosylation of HBV envelope proteins
is important for viral assembly. As a result, specific
glucosidase inhibitors have been developed to inhibit the
assembly process. N-nonyl-deoxynojirimycin (N-nonylDNJ) is an inhibitor of N-linked glycan processing and the
endoplasmic reticulum (ER) glucosidase. Researchers show
the N-nonyl-DNJ has antiviral activity in the woodchuck
model of HBV infection[32]. Another glucosidase inhibitor,
N-nonyl-deoxygalactojirimycin (N-nonyl-DGJ), exerts
its antiviral activity prior to viral envelopment, thus may
prevent proper encapsidation of the HBV pregenomic
RNA. These agents show promise in inhibiting viral
replication using the WHV model, but toxicity may limit
their clinical efficacy. Using a molecular approach to screen
a phage display library, Dyson et al[34] identified peptide
aptamers that specifically interfere with the interaction
between core particles and envelop proteins during
assembly[33]. These peptides bind specifically to the tip of
the core protein shell that comprises conserved amino
acid residues within the nucleocapsid. This is important
because of the risk of drug resistance. One candidate
peptide inhibited HBV replication in a cell-based assay and
exhibited no toxicity.
These promising approaches underscore the importance
of identifying other molecular targets that may be used in
combination therapies.

IMMUNOMODULATORY AGENTS
A variety of immunomodulatory therapies have been
developed over the last few decades to manage CHB.
These therapies are designed to eliminate the virus by
activating either nonspecific host immune responses
or HBV-specific CD4+ T helper and CD8+ cytotoxic
lymphocytes[35]. The nonspecific modalities include the
use of TLRs, thymosin, IFN- α , and IFN- γ , and the
specific modalities include dendritic cell and cytotoxic
T-lymphocyte (CTL)-based therapies. In recent years, the
APOBEC family has shown promise as an anti-HBV drug.

APOBEC3G
To replicate efficiently, viruses must overcome innate
defense mechanisms. Human APOBEC3G is a cytidine
deaminase that represents one such barrier by conferring
broad intracellular antiretroviral protection. This enzyme
is packaged in virions and acts during reverse transcription
to deaminate deoxycytidine residues to deoxyuridine (dU)
within the growing minus-strand of viral DNA. These
dU-rich reverse transcripts are either degraded or result in
proviruses that are largely nonfunctional due to a G-to-A
hypermutation. Most lentiviruses escape APOBEC3G
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inhibition by expressing a protein, Vif, which prevents
deaminase incorporation into the virion and triggers
its proteasomal degradation. However, APOBEC3G is
capable of blocking a wide spectrum of distantly related
retroviruses. Turelli et al[36] show APOBEC3G-mediated
inhibition of HBV and DHBV DNA production in human
HuH-7 hepatoma cells and avian hepatoma cells. Thus,
the viral and cellular interaction partners required for antihepadnaviral APOBEC3G action are conserved among
these species. Rosler C et al[37] found that core-associated
HBV RNA is not reduced in the presence of A3G, and
that wild-type levels of pgRNA associate with HBV core
protein in the presence or absence of A3G. Yang DL et
al[38] showed a dose dependent decrease in the levels of
intracellular core-associated HBV DNA, however, as well
as a decrease in the extracellular production of HBsAg
and HBeAg following APOBEC3G treatment. The levels
of intracellular core-associated viral RNA also decreased,
but the expression of HBcAg in transfected cells remained
the same. Consistent with these in vitro results, levels of
HBsAg in the sera of mice decreased dramatically. A larger
1.5-log10 decrease in serum HBV DNA and liver HBV
RNA levels were observed in APOBEC3G-treated versus
control groups. These findings suggest that APOBEC3G
suppresses HBV replication and antigen expression both
in vivo and in vitro, and is a promising advance in HBV
therapy.

THERAPEUTIC VACCINATION
HBV persistence is thought to result from poor HBVspecific T cell responses[39]. This has resulted in efforts to
stimulate HBV-specific T cells using therapeutic vaccines[40].
Mancini-Bourgine et al[41] conducted a phase Ⅰ study to
evaluate the effectiveness of an HBV DNA vaccine that
encodes HBV envelope proteins in ten chronic HBV
carriers who did not respond to current antiviral therapies.
Patients received four 1 mg intramuscular injections of the
vaccine and an increased frequency of HBV specific T cell
responses was observed. HBV DNA levels declined in five
patients, and one patient successfully cleared the infection.
Yuan et al[42] constructed a hepatitis B immunogenic
complex therapeutic vaccine from a combination of
yeast-derived recombinant HBsAg and human antiHBs immunoglobulin (YIC). Its safety profile and the
immune responses it elicited were examined in a phase
Ⅰ clinical trial. IFN- γ levels were higher in all eight
subjects studied (P = 0.015) and IL-2 levels increased
in seven of the eight subjects (P = 0.002). These
results show that the hepatitis B immunogenic complex
therapeutic vaccine (YIC) can induce a potent anti-HBs
response.
Wu et al [43] also developed an innovative minovirus
vaccine to induce hepatitis B virus specific cytotoxic
T-lymphocyte responses. They proved that their mimovirus
could induce an HBsAg28-39-specific CTL response
in vivo. This type of vaccine is now under the phase Ⅱ
clinical trial in China.
The promise of these approaches requires further
examinations in a large randomized study.
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Dendritic cells (DCs) function as antigen-presenting cells.
Peripheral DCs phagocytose microbes and viruses, and
migrate to the regional lymph nodes where they mature
and present foreign protein peptides to naive T cells[44].
These T cells then become activated, and acquire direct
antiviral function as well as the ability to produce a variety
of cytokines, including IFN, IL-2, IL-12, and IL-18.
Many viruses, including HBV, are able to escape immune
surveillance and persist in the host without evoking an
immune response. Zheng et al[45] studied the functional
defects of DCs in patients with CHB and showed
that human leukocyte antigen (HLA) class Ⅱ and B7
expression are not upregulated on these cells, leading to
inadequate IL-12 levels to fight against infection. Although
DC vaccination shows promise, it is still in the preclinical
phase. With advances in technology, DC-based therapy
may be an important method of managing CHB[46].

the management of CHB.
Because of its ability to induce T cell proliferation, IL-2
is hypothesized to be an important immunostimulatory
molecule, especially during chronic viral diseases[54]. IL-2
downregulates HBV gene expression in a transgenic
mouse model and in patients with HIV, intermittent rIL-2
therapy prolongs CD4 T cell survival[60]. As a result, rIL-2
may be used as an adjunct therapy to prime other forms
of immunomodulation such as therapeutic vaccination[61].
Cavanaugh et al[62] demonstrated the antiviral efficacy
of IL-12 in an HBV transgenic mouse model, however the
overall reduction in viral titers was modest compared to
other anti-HBV treatments[63]. Kimura et all[64] showed that
IL-18 also inhibits HBV replication in a transgenic mouse
mode, but its efficacy in humans remains to be tested.
While many of these cytokines may not be potent as
single agents they may help understand the mechanisms
used by various immunomodulatory strategies to control
HBV infection[61].

TLR LIGANDS

ADOPTED CELL THERAPY

TLRs play an important role in innate immune recognition
and regulation[47]. They belong to a family of evolutionarily
conserved receptors that recognize structural patterns on
different pathogens[48]. After finding a particular virus or
microbe, TLRs activate phagocytes and DCs to mount
an immune response [49]. In an HBV transgenic mouse
model, Isogawa et al[50] showed that a single injection of a
TLR ligand can inhibit HBV replication in hepatocytes by
inducing the production of antiviral cytokines. These data
support the further development of this approach.

Sun et al isolated peripheral blood mononuclear cells from
patients and activated them by anti-CD3 monoclonal
antibody, interleukin-2 and interferon-γ in vitro for 10 d
to produce multifactors activated immune cells (MAICs).
When the cells have expanded and activated effectively
10 d later, these patients were transfused with these cells.
Significant HBV inhibition was observed in 8 out of 14
until 1 year after transfusion. These findings strongly
suggest that MAICs transfusion can effectively inhibit the
replication of hepatitis B virus.

CTL-BASED THERAPY

GENE THERAPY

CTL-based immunotherapy is based on the concept that
HBV-specific CTLs control infection by suppressing HBV
replication in infected humans[51]. Vitiello et al[52] developed
a lipopeptide-based vaccine containing one CTL epitope
from the HBV core region. This vaccine induced an HBVspecific CTL response in healthy volunteers in a phase
Ⅰ clinical trial that was comparable to CTL responses
observed during acute HBV infection. In a phase Ⅱ trial
in patients with chronic HBV, however, CTL-based therapy
was much less effective for suppressing HBV DNA[53].
This therapeutic approach may still be clinically useful if it
is designed to recognize multiple CTL epitopes.

Researchers are developing novel nucleic acid-based
interventions against HBV. These tools for manipulating
gene expression are an attractive means of targeting HBV
at different stages of its life cycle, with the ultimate goal of
completely eradicating the virus[66]. Although this approach
is not realistic for clinical use at this time, tremendous
advances in this field have been made over the past few
years. There are three gene therapy approaches: the use of
antisense oligodeoxyribonucleic acids (ODNs), ribozymes,
and short interfering RNAs (siRNAs). Some researches
have shown significant results using these treatments,
but the mode of delivering nucleic acid-based therapies
remains a problem. Since HBV primarily replicates in
hepatocytes, it is important that these compounds target
the liver in order to reduce the required dose and minimize
nonspecific effects[67]. Safety is also a potential concern
with this therapeutic approach[68], as is the issue of host
enzymes biodegrading these compounds and rendering
them ineffective. Nonspecific activation of the immune
system is further noted as a risk of administering nucleic
acid-based compounds[69]. Advances in delivery strategies
and an improved understanding of the mechanisms
of these technologies should lead to safer and more
efficacious nucleic acid-based therapeutic approaches.

DENDRITIC CELL VACCINATION

CYTOKINES
Cytokines play a major role in controlling viral infections[54].
In a transgenic mouse model, type 1 IFNs ( α and β )
were shown to inhibit HBV viral replication[55,56]. IFN-γ
also prevents HBV replication by activating natural killer
T (NKT) cells and T cells [57] , however, clinical trials
with IFN-γ did not show much benefit in patients with
CHB[58]. Robek et al[59] reported that IFN-λ inhibits HBV
replication and induces IFN-stimulated gene expression
using a mechanism distinct from that used by IFN-α, -β,
or -γ. Thus, IFN-λ may be useful as a therapeutic agent in

www.wjgnet.com

CONCLUSIONS

Wu GY et al . Novel approaches towards conquering HBV infection

Treatment of chronic HBV requires inhibiting hepatitis B
virus replication or eliminating the virus from cells. The
major problem with current treatments is the emergence
of drug resistant variants over time. Novel therapies that
target unique molecules or require shorter treatment time
are still in demand. Several new anti-HBV nucleoside
analogues are in different stages of clinical trials, and
in the next decade we should see an increase in the use
of agents designed to target specific molecules. The
greatest challenge in the future of HBV treatment is the
achievement of a safe, cost-effective, and durable regimen
that takes advantage of novel therapeutic modalities.
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antigen may be of clinical usefulness to identify patients
with NASH. Further studies are mandatory to better
assess the role of these apoptonecrotic biomarkers in
NAFLD pathophysiology.
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Abstract
AIM: To investigate whether serum levels of two
soluble forms of extracellular cytokeratin 18 (M30antigen and M65-antigen) may differentiate nonalcoholic
steatohepatitis (NASH) from simple steatosis in patients
with nonalcoholic fatty liver disease (NAFLD).
METHODS: A total of 83 patients with suspected NAFLD
and 49 healthy volunteers were investigated. Patients
with suspected NAFLD were classified according to their
liver histology into four groups: definitive NASH
(n = 45), borderline NASH (n = 24), simple fatty
liver (n = 9), and normal tissue (n = 5). Serum levels
of caspase-3 generated cytokeratin-18 fragments (M30antigen) and total cytokeratin-18 (M65-antigen) were
determined by ELISA.
RESULTS: Levels of M30-antigen and M65-antigen
were significantly higher in patients with definitive
NASH compared to the other groups. An abnormal
value (> 121.60 IU/L) of M30-antigen yielded a 60.0%
sensitivity and a 97.4% specificity for the diagnosis of
NASH. Sensitivity and specificity of an abnormal M65antigen level (> 243.82 IU/L) for the diagnosis of NASH
were 68.9% and 81.6%, respectively. Among patients
with NAFLD, M30-antigen and M65-antigen levels
distinguished between advanced fibrosis and early-stage
fibrosis with a sensitivity of 64.7% and 70.6%, and a
specificity of 77.3% and 71.2%, respectively.
CONCLUSION: Serum levels of M30-antigen and M65-

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
condition comprising a wide spectrum of liver damage
associated with metabolic disorders, including central
obesity, dyslipidemia, hypertension, and hyperglycemia.
The spectr um of disease is variable, ranging from
simple steatosis with benign prognosis, to nonalcoholic
steatohepatitis (NASH), advanced fibrosis and cirrhosis,
conferring increase in morbidity and mortality[1,2].
NASH could be present in one third of NAFLD cases
and appears to have a higher likelihood of progression to
cirrhosis. Furthermore, an increased risk of hepatocellular
carcinoma and end-stage liver disease has been reported
among patients with NASH [3,4] . It follows that early
recognition of subjects with NASH is crucial to prevent
the development of severer forms of liver disease and
improve the clinical outcome. Differentiation of simple
steatosis from NASH requires histopathologic evaluation[5].
In this regard, liver biopsy remains the most sensitive
and specific means of providing important diagnostic
and prognostic information[6,7]. Nonetheless, given that
liver biopsy is an expensive procedure, with occasional
complications and poor patient acceptance[8-11], the search
for surrogate markers to replace liver biopsy is highly
recommended.
A growing body of evidence has recently suggested
that dysregulation of hepatocyte apoptosis could play
an important role in the progression of NAFLD to
www.wjgnet.com
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NASH[12-14]. During apoptosis, a number of intracellular
proteins are cleaved by caspases. A neoepitope in
cytokeratin 18 (CK18), termed M30-antigen, becomes
available at an early caspase cleavage event during
apoptosis and is not detectable in vital or necrotic cells[15-18].
A monoclonal antibody, M30, specifically recognizes a
fragment of CK18 cleaved at Asp396 (M30-antigen)[19].
By contrast, the cytosolic pool of uncleaved CK18
(also termed M65-antigen) is released from cells during
necrosis[19]. These findings implicate that assessments of
different forms of CK18 in patient sera (M30-antigen for
apoptosis and M65-antigen for necrosis) could be used
to examine different cell death modes in vivo. Two robust
immunoassays are currently available to measure the levels
of M30-antigen and M65-antigen[20-22].
In this study, we have measured different forms of
CK18 (M30-antigen and M65-antigen) in serum from
NAFLD patients as an approach for differentiating simple
steatosis from NASH. Specifically, we wanted to establish
a reliable diagnostic model by using these non-invasive
biomarkers.

MATERIALS AND METHODS
Study participants
Between November 2005 and October 2006, we enrolled
a total of 83 patients (38 females and 45 males, age range:
25-76 years) with suspected NAFLD. By the ATP Ⅲ
Expert Panel of the U.S. National Cholesterol Education
Program criteria[23], approximately one third of participants
had the metabolic syndrome. Patients with viral hepatitis,
hemochromatosis, Wilson’s disease, autoimmune hepatitis,
primary biliary cirrhosis, sclerosing cholangitis, biliary
obstruction, alpha-1 antitrypsin deficiency, or malignancies
were excluded from the present study. None of the
subjects was using any medications, including estrogens,
amiodarone, steroids, tamoxifen, or herbal supplements.
Furthermore we excluded patients with daily alcohol
intake exceeding 20 g/d or previous abdominal surgery.
For control purposes, 49 healthy age- and gender-matched
volunteers were recruited. All controls were judged to
be in good health, with normal results on liver function
tests and confirmed as having normal liver by ultrasound.
Subjects with a consumption of alcohol > 20 g/d or
who were taking any medication were not included in the
control group.
A written infor med consent was obtained from
all participants. The study protocol was reviewed and
approved by the Ethics Committee of the Uludag
University Medical School.
Clinical assessment
All subjects underwent physical examination,
anthropometric measurements and biochemical screening.
Liver ultrasound (US) scanning was performed to assess
the degree of steatosis. All US procedures were performed
by the same operator. Liver steatosis was assessed
semiquantitatively on a scale of 0 to 3: 0, absent; 1, mild;
2, moderate; and 3, severe. Computed tomography (CT)
evaluation of liver parenchyma was performed in all
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NAFLD patients. An experienced pathologist examined
liver histology according to the NIDDK NASH Clinical
Research Network scoring system [24] . Patients with
suspected NAFLD were classified according to their liver
histology into four groups: definitive NASH (n = 45),
borderline NASH (n = 24), simple fatty liver (n = 9), and
normal tissue (n = 5). In a secondary analysis, patients with
borderline NASH, simple fatty liver, and normal tissue
were grouped together and analyzed as a single group
which is named as no-NASH.
Histological analysis
Ultrasonography-guided liver biopsies were performed
under conscious sedation using a 16-gauge Klatskin
needle. The length of histological specimens was not
smaller than 2.5 cm. All biopsy specimens were placed in
formalin solution for fixation and embedded in paraffin
blocks. Serial sections (sectioned at 4 μm intervals) were
stained with hematoxylin-eosin, Masson’s trichrome. An
experienced pathologist blinded to clinical data scored the
liver biopsies according to the NIDDK NASH Clinical
Research Network scoring system[24]. Steatosis was scored
from 0 to 3 with a four grades scoring system from S0
to S3: S0: no steatosis or less than 5%, S1: 5%-33%, S2:
33%-66%, S3: > 66%. Lobular inflammation was graded as
follows: stage 0, no foci; stage 1: < 2 foci per 200 × field;
stage 2: 2-4 foci per 200 × field; stage 3: > 4 foci per 200
× field. Fibrosis was staged as follows: stage 0: no fibrosis;
stage 1: perisinusoidal or periportal fibrosis with 3 different
patterns: 1A: mild, zone 3, perisinusoidal; 1B: moderate,
zone 3, perisinusoidal fibrosis, and 1C portal/periportal
fibrosis; stage 2: perisinusoidal and portal/periportal
fibrosis; stage 3: bridging fibrosis; stage 4: cirrhosis. The
histological NASH score was defined as the unweighted
sum of the scores for steatosis (0-3), lobular inflammation
(0-3), and ballooning (0-2); thus ranging from 0 to 8. Cases
with scores of 0 to 2 were considered as having simple
steatosis; on the other hand, cases with scores of 5 or
greater were diagnosed as definitive NASH[24]. Cases with
activity scores of 3 and 4 were considered as borderline
(probable) NASH.
ELISA assays
Blood samples were centrifuged at 2500 g for 10 min, and
serum aliquots were stored at -80℃ until immediately
before analysis. All samples were analyzed in duplicate and
in a blinded fashion. Serum levels of M30-antigen and
M65-antigen were determined by commercially available
immunoassays (M30-Apoptosense ELISA kit and M65
ELISA kit, Peviva AB, Bromma, Sweden) according to
the manufacturer’s instructions. The M65-ELISA assay
measures native soluble CK18 (M65-antigen), whereas the
M30-Apoptosense ELISA kit measures the levels of the
CK18-Asp396 neo-epitope (M30-antigen). Briefly, samples
were placed into wells coated with a mouse monoclonal
antibody as a catcher. After washing, a horseradish
peroxidase conjugated antibody (M30 or M65) was used
for detection. Reference concentrations of M30-antigen or
M65-antigen were used to prepare assay calibration. The
absorbance was determined with an ELISA reader at 450 nm.
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Table 1 General and biochemical characteristics of patients with suspected NAFLD
Characteristic

Entire cohort
(n = 83)

Definitive NASH
(n = 45)

Borderline NASH
(n = 24)

Simple steatosis
(n = 9)

Normal tissue
(n = 5)

Male gender
Age (yr)
Body mass index (kg/m2)
Waist circumference (cm)
Waist/hip ratio
Hypertension
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Diabetes mellitus
Fasting glucose (mg/dL)
Fasting insulin (μU/mL)1
HOMA index
Hyperlipidemia history
Total cholesterol (mg/dL)
Triglycerides (mg/dL)1
Metabolic syndrome
Lp(a) (mg/dL)1
Microalbuminuria (μg/mL)1
AST (IU/L)1
ALT (IU/L)1
AST/ALT ratio
ALP (UI/L)1
GGT (UI/L)1
LDH (UI/L)1
Total Bilirubin (mg/dL)1
HbA1c
Transferrin saturation
Ferritin (ng/mL)1
Positive ANA
Positive AMA
Positive ASMA
Positive LKM-1

54.2%
48.9 ± 9.1
30.3 ± 4.8
99 ± 9
0.93 (0.01-1.08)
33.7%
122 ± 13
77 ± 10
14.5%
103 ± 22
24 (1-298)
3.0 (0.2-16.5)
83.1%
213 ± 40
149 (38-424)
34.9%
10 (2-157)
1.0 (0.2-48.4)
42 (16-102)
60 (10-184)
0.68 (0.34-1.90)
82 (19-154)
47 (15-526)
196 (132-379)
0.7 (0.1-2.5)
5.6 (4.6-9.9)%
19 (2-48)%
77 (6-406)
21.6%
1.2%
7.2%
0%

62.2%
47.8 ± 8.8
30.2 ± 4.1
101 ± 8
0.95 (0.09-1.08)
28.9%
124 ± 13
80 ± 9
13.3%
102 ± 21
34 (3-298)
3.1 (0.3-16.5)
80.0%
213 ± 44
151 (38-424)
37.8%
9 (2-98)
4.2 (0.2-48.4)
44 (18-95)
68 (23-184)
0.65 (0.34-0.95)
84 (44-152)
52 (16-526)
198 (143-375)
0.7 (0.1-2.5)
5.7 (4.7-9.9)%
20 (2-48)%
93 (6-399)
23.9%
2.1%
4.3%
0%

50.0%
48.7 ± 6.2
31.1 ± 6.5
100 ± 9
0.93 (0.09-1.02)
50%
121 ± 13
76 ± 11
16.7%
105 ± 25
21 (1-281)
2.9 (0.3-8.1)
91.7%
224 ± 31
164 (90-398)
33.3%
20 (2-157)
0.7 (0.2-3.8)
33 (16-102)
47 (12-146)
0.71 (0.45-1.42)
85 (43-132)
29 (15-199)
193 (132-295)
0.6 (0.1-1.7)
5.5 (4.6-7.7)%
17 (5-29)%
69 (12-297)
20.8%
0%
4.4%
0%

44.4%
53.1 ± 10.1
29.5 ± 3.7
94 ± 10
0.8 (0.74-1.05)
22.2%
121 ± 16
71 ± 10
22.2%
109 ± 25
20 (1-110)
2.6 (0.2-4.9)
77.8%
190 ± 27
102 (49-286)
33.3%
6 (2-68)
0.65 (0.3-8.9)
32 (17-65)
47 (19-84)
0.77 (0.59-1.21)
94 (19-154)
65 (22-164)
184 (163-379)
0.5 (0.1-0.8)
5.6 (5.1-7.4)%
23.5 (11-44)%
96 (10-406)
0%
0%
0%
0%

20.0%
52.4 ± 19.2
28.0 ± 3.0
93 ± 11
0.86 (0.01-0.87)
20%
115 ± 11
72 ± 9
0%
93 ± 7
11 (1-16)
2.3 (1.6-3.8)
80%
199 ± 49
149 (44-182)
20.0%
19 (5-32)
0.4 (0.2-1.0)
28 (19-91)
35 (10-149)
0.8 (0.6-1.9)
76 (61-131)
73 (17-124)
171 (152-340)
0.8 (0.4-2.1)
5.5 (5.4-6.2)%
18 (8-28)%
23 (9-61)
40.0%
0%
20.0%
0%

1

Data expressed as median (minimum-maximum); HOMA: homeostasis model assessment; HDL: high-density lipoprotein; Lp(a): lipoprotein(a); AST: aspartate
aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; GGT: gamma glutamyl transpeptidase; LDH: lactate dehydrogenase; HbA1c:
glycated hemoglobin; ANA: antinuclear antibodies; AMA: antimitochondrial antibodies; ASMA: anti-smooth muscle antibody; LKM-1, liver-kidney microsomal
antigen.

Statistical analysis
Variables are presented as counts and percentages or
means ± SD, unless otherwise indicated. Pearson’s χ2 test
was used for comparison of categorical variables. Between
g roup mean differences were tested by the MannWhitney U test or the Kruskal-Wallis test, as appropriate.
The sensitivity, specificity, positive predictive value, and
negative predictive value of the serum biomarkers in
predicting definitive NASH were calculated using receiver
operating characteristic (ROC) analyses. Diagnostic
properties were expressed as percentages, with 95%
confidence intervals (95% CIs). Cut-off values for serum
biomarkers were determined using the MedCalc demo
statistical software (Mariakerke, Belgium). Univariate
(simple) and multivariate (forward stepwise) regression
models were used to assess the independent predictors
of definitive NASH in patients with suspected NAFLD.
A P < 0.05 was retained for statistical significance. All
computations were made using SPSS 10.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS
Patients Characteristics
The control (n = 49) and NAFLD (n = 83) groups were

well balanced for age and gender (data not shown). Table
1 shows the clinical and biochemical characteristics of the
NAFLD patients stratified by their liver histology into four
groups: definitive NASH (n = 45), borderline NASH (n =
24), simple fatty liver (n = 9), and normal tissue (n = 5).
There was a statistically significant difference in
microalbuminuria (P < 0.05), ALT levels (P < 0.05) and
AST/ALT ratio (P < 0.05) between the four groups.
By contrast, there were no statistically significant
differences between the groups in age, gender, BMI, waist
circumference, history of hypertension, hyperlipidemia,
diabetes, or prevalence of the metabolic syndrome. Values
of alkaline phosphatase, gamma-glutamyl transferase,
lactic acid dehydrogenase, ferritin, and homeostasis model
assessment-estimated insulin resistance (HOMA) were
not significantly different across the four patient groups.
27% of patients with suspected NAFLD had positive
serological testing for autoantibodies.
Histopathology
The histological features of patients with suspected
NAFLD are presented in Table 2. Of 83 subjects, 5 had
normal biopsies with < 5% steatosis. Nine subjects had
steatosis alone. In the present study, 24 patients with
suspected NAFLD had histological borderline NASH.
www.wjgnet.com
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Table 2 Histological findings in 83 patients with suspected NAFLD
Variable

Definition

Score

Entire cohort
Definitive NASH
(n = 83) (%) (n = 45) (%)

Borderline NASH
(n = 24) (%)

Simple steatosis
(n = 9) (%)

Normal tissue
(n = 5) (%)

Steatosis

< 5%
5%-33%
> 33%-66%
> 66%
No foci

0
1
2
3
0

8.40
39.80
30.10
21.70
15.70

0
13.30
46.70
40.00
0

8.30
75.00
16.70
0
0

0
100
0
0
88.90

100
0
0
0
100

< 2 foci
2-4 foci
> 4 foci
None
Few balloon cells
Many cells/prominent
ballooning
None
Mild, zone 3, perisinusoidal
Moderate, zone 3,
perisinusoidal
Portal/periportal
Perisinusoidal and
portal/periportal
Bridging fibrosis
Cirrhosis

1
2
3
0
1
2

26.50
43.40
14.50
12
24.10
63.90

8.90
64.40
26.70
0
6.70
93.30

70.80
29.20
0
0
70.90
29.10

11.10
0
0
55.60
44.40
0

0
0
0
100
0
0

0
1A
1B

54.20
8.40
3.60

33.30
11.10
6.70

66.70
8.30
0

100
0
0

100
0
0

1C
2

13.30
13.30

15.60
22.20

16.60
4.20

0
0

0
0

7.20
0

11.10
0

4.20
0

0
0

0
0

Lobular inflammation
(foci per 200 × field)

Ballooning

Fibrosis stage

3
4

Table 3 Imaging findings in 83 patients with suspected NAFLD
Steatosis
Sonographic grade of hepatosteatosis

Liver attenuation on CT (HU)

Mild
Moderate
Severe

Entire cohort
(n = 83)

Definitive NASH
(n = 45)

Borderline NASH
(n = 24)

Simple steatosis
(n = 9)

Normal tissue
(n = 5)

44.00%
40.00%
16.00%
43.8 ± 14.6

27.50%
55%
17.50%
36.9 ± 11.9

50.00%
31.80%
18.20%
49.5 ± 15.1

77.80%
11.10%
11.10%
55.2 ± 6.2

100.00%
0%
0%
64.1 ± 3.3

Criteria for definitive NASH, as proposed by the NASH
Clinical Research Network[24], were fulfilled by 45 patients.
Among patients with definitive NASH, liver biopsy
showed that steatosis was mild in 13.3%, moderate in
46.7%, and severe in 40.0%. Lobular inflammation and
ballooning were present in all biopsy specimens from
definitive NASH patients in varying amounts. 77% of
definitive NASH patients exhibited fibrosis. No liver
biopsy demonstrated cirrhosis.
Imaging
Ultrasound and CT findings are summarized in Table
3. Among the 83 subjects with suspected NAFLD,
ultrasonographic examination revealed mild steatosis in
44%, moderate steatosis in 40% and severe steatosis in
16% of cases. By CT scans, the mean (SD) absolute liver
density value of the entire study cohort was 43.8 ± 14.6
Hounsfield units (HU).
Serum biomarkers
As shown in Table 4, the serum levels of M-30 antigen
were markedly higher in the definitive NASH group than
in the control (P < 0.001), simple fatty liver (P < 0.01)
and borderline NASH (P < 0.001) groups. Serum levels
of M-30 antigen did not differ between patients with
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definitive NASH and subjects with normal biopsy.
Serum concentrations of M-65 antigen were higher
in the patients with definitive NASH than in those with
borderline NASH (P < 0.001), simple fatty liver (P < 0.01),
normal tissue (P < 0.05), or in healthy individuals (P < 0.001).
Serum levels of both biomarkers did not differ between
the possible NASH, simple steatosis, and normal biopsy
groups compared with the control group.
Subjects with possible NASH, simple fatty liver, or
normal tissue were then grouped together (no-NASH
group, n = 38) for a secondary analysis. The results of this
analysis showed that the serum levels of both biomarkers
were markedly higher in the definitive NASH group than
in the no-NASH group (P < 0.001 for both biomarkers).
Diagnostic value of serum biomarkers for the prediction of
definitive NASH
Table 5 lists the sensitivity, specificity, positive predictive
value, and negative predictive value of the M30-antigen
and the M65-antigen in predicting definitive NASH. In
addition, the area under the ROC curve (ROC AUC)
for both biomarkers was determined. The ROC AUC
provides a measure of the overall discriminative ability
of a test. In general, ROC AUC ≥ 7 indicates acceptable
discrimination, ROC AUC ≥ 8 excellent discrimination
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Table 4 Concentrations of serum M30-antigen and M65-antigen in the study groups
Biomarker

Definitive NASH
(n = 45)

Borderline NASH
(n = 24)

Simple steatosis
(n = 9)

Normal tissue
(n = 5)

Healthy volunteers
(n = 49)

No-NASH
(n = 38)

M30-antigen (IU/L)
2
P
M65-antigen (IU/L)
2
P

200.4 ± 183.1
Reference category
362.8 ± 178.7
Reference category

69.8 ± 37.1
< 0.001
210.6 ± 59.6
< 0.001

60.1 ± 36.8
< 0.01
215.3 ± 78.2
< 0.01

81.0 ± 17.5
NS
207.0 ± 47.4
< 0.05

43.3 ± 45.9
< 0.001
150.9 ± 44.1
< 0.001

69.0 ± 34.9
< 0.001
211.2 ± 61.5
< 0.001

1

P

< 0.001
< 0.001

P value calculated using Kruskal-Wallis test. 2Comparisons between definitive NASH patients and other patient groups were performed by Mann-Whitney U Test.

1

Table 5 Diagnostic performance of serum M30-antigen and M65-antigen levels for the diagnosis of definitive NASH
Patient
category

Serum
biomarker

Borderline NASH M30-antigen
M65-antigen
Simple steatosis M30-antigen
M65-antigen
Normal tissue
M30-antigen
M65-antigen
Healthy controls M30-antigen
M65-antigen
No-NASH
M30-antigen
M65-antigen

1

Cut-off value Sensitivity
(IU/L)
(95% CI)
121.6
241.34
109.64
186.77
96.5
227.18
82.52
189.64
121.6
243.82

60 (44.3-74.3)
68.9 (53.3-81.8)
62.2 (46.5-76.2)
93.3 (81.7-98.5)
64.4 (48.8-78.1)
73.3 (58.1-85.4)
75.6 (60.5-87.1)
91.4 (77.6-98.6)
60 (44.3-74.3)
68.9 (53.3-81.8)

Specificity
(95% CI)
95.8 (78.8-99.3)
83.3 (62.6-95.2)
100 (66.2-100.0)
66.7 (30.1-92.1)
100 (48.0-100.0)
80 (28.8-96.7)
85.7 (72.7-94.0)
68.1 (36.1-94.2)
97.4 (86.1-99.6)
81.6 (65.7-92.2)

Positive predictive Negative predictive Negative
Area under the
value (%)
value (%)
likelihood ratio ROC curve (95% CI)
96.40
88.60
100.00
93.30
100.00
97.10
82.90
92.00
96.40
81.60

56.10
58.80
34.60
66.70
23.80
25.00
79.20
68.20
67.30
68.90

0.42
0.37
0.38
0.10
0.36
0.33
0.29
0.18
0.41
0.38

0.783 (0.668-0.783)
0.809 (0.697-0.894)
0.83 (0.703-0.918)
0.807 (0.677-0.902)
0.724 (0.508-0.841)
0.809 (0.673-0.906)
0.881 (0.798-0.938)
0.94 (0.839-0.980)
0.787 (0.683-0.869)
0.809 (0.708-0.887)

1

Cut-off value corresponding to the highest accuracy value (minimal false negative and false positive results).

and ROC AUC ≥ 9 outstanding discrimination (very
unusual). As shown in Table 5, both biomarkers revealed
good discriminative ability for predicting definitive NASH.
Notably, M30-antigen and M65-antigen gave similar
diagnostic abilities.
Relationship between liver fibrosis and serum biomarkers
Table 6 shows the sensitivity, specificity, positive predictive
value, and negative predictive value of M30-antigen and
M65-antigen in differentiating early liver fibrosis from
advanced fibrosis. Serum levels of both M30-antigen
(P < 0.01) and M65-antigen (P < 0.01) were higher in
patients with advanced fibrosis compared to those with
early fibrosis. Both biomarkers appeared to have similar
diagnostic ability.
Relationship between transaminases and serum
biomarkers
We found a weak, albeit significant, positive correlation
between M30-antigen levels with both AST (r = 0.441,
P < 0.001) and ALT values (r = 0.425, P < 0.001).
Similarly, concentrations of M65-antigen were positively
related to both AST (r = 0.490, P < 0.001) and ALT (r = 0.473,
P < 0.001).
Multivariate analysis
To assess the independent contribution of M30-antigen,
M60-antigen as well as CT findings in identifying subjects
with definitive NASH, simple and multiple linear regression
analyses were performed (Table 7). Simple regression
analysis showed that AST/ALT ratio, microalbuminuria,
waist/hip ratio, CT density as well as levels of M30antigen and M-65 antigen were all significantly associated

with the presence of definitive NASH (data not shown).
Variables associated with definitive NASH on univariate
analysis were then entered into a multivariate model.
The model showed that the addition of M-30 antigen to
computed tomography yielded a 86.1% sensitivity and a
83.3% specificity for NASH. Similarly, the addition of
M-60 antigen to computed tomography yielded a 83.3%
sensitivity and a 83.3% specificity for NASH.

DISCUSSION
The results of our study show that different forms of
CK18 in patient sera (M30-antigen and M65-antigen) may
be of clinical usefulness in discriminating NASH from
simple fatty liver or NAFLD patients with severe fibrosis
from subjects with early fibrosis.
NAFLD is increasingly recognized as one of the
most common causes of liver disease worldwide[25,26]. In
this regard, in view of the epidemic of the metabolic
syndrome, the prevalence of NAFLD is expected to
continue to increase in future years [25]. A liver biopsy
remains the gold standard for the evaluation of liver
histology and is therefore a key test used to establish the
diagnosis of NAFLD[1]. Unfortunately, it is an invasive
procedure associated with discomfort and some risk[8,9]. It
is therefore not suitable for the evaluation of all individuals
with suspected NAFLD. The limitations of a liver biopsy
have led to considerable interest and attempts to diagnose
this condition with laboratory tests and imaging modalities.
Although simple fatty liver has been considered a
benign disease, NASH appears to be a common cause of
cryptogenic cirrhosis and may even result in hepatocellular
carcinoma[26-28]. To date, the pathophysiological pathways
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Table 6 Diagnostic performance of serum M30-antigen and M65-antigen levels in discriminating NAFLD patients with severe fibrosis
from subjects with early fibrosis
1

M30-antigen
M65-antigen

Cut-off value
(IU/L)

Sensitivity
(95% CI) (%)

Specificity
(95% CI) (%)

Positive predictive Negative predictive Negative
value (%)
value (%)
likelihood ratio

Area under the
curve (95% CI)

121.6
243.82

64.7 (38.4-85.7)
70.6 (44.1-89.6)

77.3 (65.3-86.7)
71.2 (58.7-81.7)

42.30
38.70

0.733 (0.624-0.824)
0.742 (0.635-0.832)

89.50
90.40

0.46
0.41

1

Cut-off value corresponding to the highest accuracy value (minimal false negative and false positive results).

Table 7 Diagnostic value of serum biomarkers in combination with CT scans for the diagnosis of definitive NASH according to
multivariate regression analysis
P
Combination
Combination

CT
M30-antigen
CT
M65-antigen

0.001
0.002
0.003
0.003

Odds ratio

95% CI

0.891
1.029
0.916
1.015

0.831-0.955
1.011-1.048
0.865-0.971
1.005-1.025

Sensitivity
(%)

Specificity
(%)

86.10
83.30

involved in liver damage and in the progression of pure
fatty liver to NASH remain largely unknown. Currently,
the most accepted theory to explain the pathogenesis
of NAFLD is the so-called “two-hit” hypothesis [29] .
According to this model, the development of hepatic
steatosis constitutes the first hit, and cellular events leading
to hepatic inflammation constitute the second hit.
Experimental and clinical data have suggested a role
for hepatocyte apoptosis in liver inflammation and tissue
damage, regeneration of parenchyma, and fibrosis[30-33]. In
this regard, a reduction in hepatocyte apoptosis has been
shown to result in decreased liver fibrosis in animal models
of cholestasis[32]. Of interest is also the observation that
fibrosis has been suggested to rely on induction of hepatic
stellate cells apoptosis[32]. In the clinical setting, Bantel
et al[34] have previously shown that sera from patients with
HCV infection had a markedly higher caspase activation
than controls. In addition, measurements of caspase
activity in serum were found to be related to the extent of
steatosis or presence of fibrosis.
Recently, there has been a growing interest in measuring
different CK18 forms in peripheral blood as a means to
examine different cell death modes. Intriguingly, a recent
report by Wieckowska et al[35] has shown that measurement
of serum M30-antigen levels may allow discrimination of
definitive NASH patients from simple fatty liver with high
sensitivity and specificity. However, the sample size in this
study was small, and no attempt was made to study the
concentrations of M-30 antigen in patients with possible
NASH.
Our present results confirm and expand previous
findings[35] on the potential clinical usefulness of different
for ms of CK18 (M30-antigen and M65-antigen) as
biochemical assays to accurately distinguish definitive
NASH from simple fatty liver. Notably, we are also able to
investigate a group of patients with possible NASH and
to establish reliable cutoffs for the differential diagnosis
of possible NASH from definitive NASH. Appropriate
cut-off values for serum M-30 antigen and M-65 antigen
www.wjgnet.com

Positive predictive
value (%)

Negative predictive Accuracy
value (%)
(%)

83.30

86.10

83.30

84.80

83.30

85.70

86.60

83.30

were 121.60 IU/L (sensitivity, 60.0%; specificity, 95.8%;
positive predictive value, 96.4%; negative predictive value,
56.1%) and 241.34 IU/L (sensitivity, 68.9%; specificity,
83.3%; positive predictive value, 88.6%; negative predictive
value, 58.8%), respectively. Altogether, these biochemical
findings seem to indicate that possible NASH more closely
resembles the clinical and pathophysiological features of
simple fatty liver than those of definitive NASH.
Importantly, it remains a clinically crucial issue to
distinguish definitive NASH from more benign forms
of NAFLD[1]. The appropriate cut-off values for serum
M-30 antigen and M-65 antigen that distinguish between
NASH and no-NASH (borderline NASH, simple fatty
liver, normal tissue) were 121.60 IU/L (sensitivity, 60.0%;
specificity, 97.4%; positive predictive value, 96.4%; negative
predictive value, 67.3%) and 243.82 IU/L (sensitivity,
68.9%; specificity, 81.6%; positive predictive value, 81.6%;
negative predictive value, 68.9%), respectively. Of great
interest, multivariate regression analysis showed that
the combination of M-30 antigen and CT increased the
sensitivity and specificity for definitive NASH to 86.1%
and 83.3%, respectively. Similarly, the combination
of M-65 antigen and CT increased the sensitivity and
specificity for NASH to 83.3% and 83.3%, respectively.
Altogether, our data suggest that measurement of different
forms of CK18 in combination with CT has greater
diagnostic utility for the identification of patients with
definitive NASH than the use of either test alone.
A weak, albeit significant, correlation between serum
forms of CK18 (both M30-antigen and M65-antigen) and
levels of hepatic transaminases was found. Although it has
been suggested that aminotransferases are released during
necrosis at a higher rate than in apoptosis[36], we found
that hepatic transaminases were significantly correlated
with levels of both M-30 antigen (a marker of apoptosis)
and M-65 antigen (a marker of necrosis). To quantify the
rates of apoptosis and necrosis in patients with definitive
NASH, we also determined the M30:M65 ratio [22] as a
means to investigate mode of cell death of hepatocytes

Yilmaz Y et al . Serum biomarkers in NASH

(data not shown). Of note, differently from other forms
of NAFLD, the mode of such cellular death was apoptosis
dominant in definitive NASH individuals compared to
other NAFLD patient groups.
In summary, the results of the present study suggest
that noninvasive monitoring of different forms of CK18
(M30-antigen and M65-antigen) in sera of patients with
suspected NAFLD may represent a reliable tool to
differentiate definitive NASH from simple fatty liver.
Additionally, these biomarkers may be useful for identifying
NAFLD patients with more severe liver fibrosis. Further
validation studies in larger groups of patients are needed
to confirm our findings.
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Liver biopsy remains the gold standard for assessing histologic lesions of nonalcoholic fatty liver disease (NAFLD). Unfortunately, it is an invasive procedure
associated with discomfort and some risk. The limitations of a liver biopsy have
led to considerable interest and attempts to diagnose this condition with laboratory
tests and imaging modalities.
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As liver biopsy is impossible to perform as a diagnostic mass-screening tool, great
effort is currently being spent in the validation of simple non-invasive markers of
liver injury in patients with NAFLD. Specifically, the early identification of patients
with nonalcoholic steatohepatitis (NASH) is of clinical importance because of the
prognostic implications.

Innovations and breakthroughs

We demonstrated that noninvasive monitoring of different forms of cytokeratin-18
(M30-antigen and M65-antigen) in sera of patients with suspected NAFLD may
represent a reliable tool to differentiate definitive NASH from simple fatty liver.
Additionally, these biomarkers may be useful for identifying NAFLD patients with
severer liver fibrosis.

Applications

In patients with non-alcoholic fatty liver disease, measurement of different forms
of cytokeratin-18 in patient sera, a simple and non-invasive biomarker reliably
predicts the presence or absence of NASH.

Terminology

Cytokeratin-18: a cytoskeletal protein found primarily in epithelial cells; M30antigen: a fragment of cytokeratin-18 cleaved at Asp396 by caspases (a marker of
apoptosis); M65-antigen: full-length soluble cytokeratin-18 (a marker of necrosis).
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Abstract
AIM: To assess the adhesion and invasion abilities of
different mouse adapted H pylori strains in different cell
lines in vitro and investigate their effects on the virulence
factors cagA and vacA.
METHODS: The adherence and invasion abilities of
different H pylori strains in different epithelial cell lines
were examined by the gentamycin protection assay.
The null mutants of cagA and vacA were processed by
direct PCR mutation method. The morphologic changes
of different cell lines after H pylori attachment were
examined by microscopy.
RESULTS: The densities of adherence to and invasion
into cells in vitro were different from those in the mouse
infection experiments. 88-3887 strain could invade and
adhere to cells stronger than SS1 and X47. All tested
strains had better adhering and invasive abilities in
SCG-7901 cell. CagA and vacA minus mutants had the
same invasion and adherent abilities as their wild types.
In all strains and cell lines tested, only AGS cell had the
significant hummingbird phenotype after inoculation with
the 88-3887 wild-type.
CONCLUSION: Both the host cells and the bacteria play
important parts in the invasion and adhesion abilities of
H pylori . CagA and VacA are not related to the ability of
invasion and adhesion of H pylori in different cell lines in
vitro .

cell lines. World J Gastroenterol 2007; 13(6): 845-850
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INTRODUCTION
Infection with the human gastric pathogen H pylori can
develop into chronic gastritis, peptic ulcer and gastric
cancer[1-4]. Adhesion to the gastric epithelium and the host
responses take the crucial role in the pathogenesis of
H pylori infections.
Adherence is considered to be associated with both
colonization and virulence properties of H pylori. A
mouse infection model has been used to investigate the
pathogenesis of H pylori[5-8]. Results from Dr. Berg. DE
and colleagues suggested that different H pylori strains
had gradient colonization abilities in various mouse
cell lines in vivo (unpublished data). Studies at cellular
levels showed H pylori induced the secretion of proinflammatory cytokines, cell proliferation, and apoptosis
of epithelial cells and the cell lines were used as models for
the investigation of the interaction between the bacteria
and hosts in vitro[9-12]. There were proofs that H pylori were
not present in the gastric epithelial cells but in the mucus
layer overlying the gastric tissue[1,13]. However, there were
also a number of biopsy studies [14-16] and cell culture
infection models[17-21] that provided increasing evidence
for the intracellular survival of H pylori. Internalization
into the host cell should be considered a major strategy to
evade the host immune response of the bacteria. Amieva
et al[22] proved that the intercellular H pylori may be released
to repopulate the extracellular environment again. It is well
accepted that H pylori infection is hard to be eradicated in
some cases, and triple drug therapy often fails to eliminate
H pylori in infected patients[23-25].
In this study, the adherence and invasion abilities of 3
mouse-adapted H pylori strains, which colonized the mice
at different densities in different epithelial cells lines, were
assessed by gentamycin adherence and invasiveness assay.
Moreover, to investigate whether the virulence factors cagA
and vacA could affect these abilities, mutants in these genes
were established to examine their capacities to adhere to
epithelial cells and compared to their wild-type counterparts.

© 2007 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
Bacteria and culture condition
The backgrounds of 3 mouse passed H pylori strains are
shown in Table 1. All these mouse passed strains were
www.wjgnet.com
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kindly offered by Dr. Berg DE, (Washington University,
School of Medicine, St. Louis, MO 63 110). The mouse
inoculation experiments were done with C57BL/6J IL-12
KO mouse by Dr Berg DE’s lab and the results from all
these 4 strains were obtained. 88-3887 is a mouse adapted
strain parentally from H pylori 26695. So far, there has been
no reported data on the mouse colonization capacity of
88-3887 cagA::cam and SS1 vacA::cam.
Wild type H pylori strains of SS1, X47 and 88-3887
were grown in an H pylori selective medium (Columbia
Agar Base supplemented with 5% sheep blood and
0.25 mg/mL vancomycin, 0.2 mg/mL amphotericin B,
0.2 mg/mL polymyxin B and 0.3 mg/mL trimethoprim)
and incubated at 37℃ in a microaerobic atmosphere
containing 5% O2, 10% CO2 and 85% N2. CagA and vacA
null mutants (88-3887 cagA::cam, SS1 vacA::cam) were
grown in an H pylori selective medium with 20 μg/mL
chloramphenicol and cultured under the same condition as
wild type strains.
Generation of H pylori allelic replacement mutants
T h e nu l l mu t a n t s f o r c a g A : : c a m a n d va c A : : c a m
were generated by direct PCR method as described
previously[26,27]. Chloramphenicol resistance cassette (cat)
was amplified using primers C1 and C2 designated from
the pBlueScript Ⅱ SK plasmid. The alleles in which cagA
and vacA were replaced by cat were generated by the
PCR method. The PCR products containing those ∆cagA
(cagA::cam) and ∆vacA (vacA::cam) alleles were used to
transform the wild-type H pylori strains 88-3887 and SS1
with selection for Camr (20 μ g/mL). The primers for
88-3887 ∆ cagA (88-3887 ∆ cagA::cam ) were cagA-P1,
cagA-P2, cagA-P3 and cagA-P4. Primers for SS1 ∆vacA (SS1
∆vacA::cam) mutant were vacA-P1, vacA-P2, vacA-P3 and
vacA-P4. The sequences of the primers are listed in Table 2.
All mutations were confirmed by specific PCR using cat,
vacA and cagA genes.
Preparation of cell line cultures
AG S c e l l s ( AT C C C R L 1 7 3 9 , h u m a n g a s t r i c
adenocarcinoma epithelial cell line), SGC-7901 cells
(human gastric cancer cell line from laboratory collection),
MDCK cells (ATCC CCL-34, Marbin-Darby canine
kidney epithelial cell line) were seeded to generate 2 × 105
cells in RPMI 1640 medium supplemented with 10% FCS
(Gibco BRL, Eggenstein, Germany) per well in 24-well
tissue culture plates. The plates were incubated at 37℃ in
5% CO2 for 24 h. The culture medium was replaced with
fresh RPMI1640 medium without FCS for 2 h before the
inoculation of bacteria.
Adherence and invasiveness assay
The 24 h cultured bacteria were harvested from plates
with phosphate-buffered saline (PBS) and washed by
centrifugation at 5000 r/min for 5 min at 4℃ 3 times. The
pellets were suspended in PBS to 1 OD600 (approximately
108 CFU/mL), and 0.1 mL of this suspension was
inoculated into each duplicate host cell wells to achieve a
multiplicity of infection (MOI) of 100. As a control, 0.1
mL of PBS was added to each host cell lines. Infection was
carried out at 37℃ in 5% CO2 for 5 h. After 5 h infection,
www.wjgnet.com
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Table 1 Background of mouse passed H pylori strains
H pylori strains CagA
SS1
X47
88-3887

+
+

Tissue tropism

CFU/g of mouse stomach tissue

Antrum
Corpus
1
None

106
106
104

1

Same distribution densities in antrum and corpus.

Table 2 Primers for null mutant of cagA and vacA of H pylori
Primer

Sequence (5’-3’)

C1
C2
CagA-P1
CagA-P2

GATATAGATTGAAAAGTGGAT
TTATCAGTGCGACAAACTGGG
CCCAAGCTGATCAGAGTGAG
ATCCACTTTTCAATCTATATCGGCTTCGTTAGTCATTG
TTTCTCC
CCCAGTTTGTCGCACTGATAAGGTGGTTTCCAAAAAT
CTTAAAGGATT
GGTTGCACGCATTTTCCCTTAATC
CTACGGTGTATGATGACGCTCA
ATCCACTTTTCAATCTATATCCACAAAGGGTGCGAC
TTTAGAC
CCCAGTTTGTCGCACTGATAAGATCAATCAAGCTTG
AATTTCA
TTAGAAACTATACCTCATTCCTAAA

CagA-P3
CagA-P4
VacA-P1
VacA-P2
VacA-P3
VacA-P4

the monolayer was then washed 3 times with 1 mL
RPMI1640 with 10% FCS medium and reincubated under
the same conditions for another 2 h. Cell culture medium
containing 25 mg/mL of gentamicin was added to each
of the wells for the enumeration of intracellular bacteria
(In preliminary experiments, 25 mg/mL of gentamicin
could kill all H pylori isolates after a 2 h exposure and 0.1%
saponin had no influence on H pylori culture compared
with PBS). Following incubation, all monolayers (with or
without gentamicin) were washed 5 times with RPMI 1640
and lysed with 0.1% saponin (Sigma cat#S-7900) in PBS.
The suspensions were serial diluted. Both the intracellular
bacteria and the total cell-associated bacteria were estimated
by counting the number of CFU on H pylori selective plates.
Results are expressed as the average from 3 independent
experiments. Wild type H pylori strains and their mutants
were inoculated into different cell lines respectively and
mixed simultaneously. For the mix infection, the bacteria
were counted on the normal selective medium and the
selective medium with 20 μ g/mL chloramphenicol
separately.
Image capture
After the co-culture of bacteria and different cells for 5 h,
the monolayer cells were washed by PBS and the images
were obtained under the microscope (Olympus BX 51).

RESULTS
Invasion and adherence abilities of H pylori strains in
different cell lines
SS1, X47 strains had higher capacities to colonize the
mice than 88-3887 but the intensities of their invasion and
adherence in the cell lines were quite different. 88-3887
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Figure 1 Levels of adherence and invasion of H pylori in different cell lines. Bacteria were added to AGS cell monolayer at an MOI of 100 for 5 h at 37℃ in a humidified
atmosphere with 5% CO2. Data were obtained by adherence and invasiveness assays in three independent experiments and are expressed as CFU per well of AGS
cells. The left side 3 refrangible lines indicate the ability of the adherence in 3 different cell lines. The right sides indicate the invasiveness ability in the 3 cell lines. Values
represent the mean CFU of viable bacteria recovered per well of a 24-well tissue culture tray.

A

B

C

Figure 2 Images showing morphologic changes induced by H pylori attachment. After co-culture of the bacteria with different cells for 5 h, the monolayer AGS cells were
washed with PBS and the images were captured by microscopic Olympus BX51. A: AGS cell; B: The hummingbird/scattering appearance of AGS after being attached with
88-3887 wild-type, 5 h; C: AGS with H pylori 88-3887 cagA minus mutant (88-3887 cagA::cam), 5 h.

could invade and adhere to the cells better than SS1 and
X47. The intensity of SS1 was lowest among the three
tested strains. Each of the three H pylori strains had the
highest adherent and invasive ability in the SCG-7901
cell. 88-3887 ∆cagA::cam and SS1 ∆vacA::cam had the
same invasiveness and adherence ability as their wild type
counterparts, respectively. The effects of different bacteria
in different cell lines are shown in Figure 1.

cam strains. After inoculation with X47 wild type strains,
MDCK cells changed to round shape. The attachment of
the 5 tested H pylori strains caused the SCG-7901 cells to
become scattered, and there was no significant difference
in phenotypic changes between different strains. The
morphologic images are shown in Figure 2.

Morphologic changes of different cell lines after
inoculation with H pylori
Cell morphology was examined under the microscope after
5 h co-culture. Fifty percent AGS cells became elongated
like the hummingbird phenotype after attachment with
88-3887 wild type strain, while there were no such
hummingbird like changes in AGS cell after inoculation
with 88-3887 ∆ cagA::cam. There were no significant
hummingbird like phenotype in AGS after attachment
with X47, SS1 and SS1vacA::cam strains. MDCK cells
were scattered and slightly elongated after inoculation
with 88-3887, 88-3887 ∆cagA::cam, SS1 and SS1 ∆vacA::

H pylori is one of the most prevalent and persistent
infectious agents in humans[28-30]. Adhesion is considered
to be a major process for H pylori to colonize the host
tissue and cause diseases. Intimate attachment to the host
cells could facilitate the bacterium’s colonization, efficient
delivery of effecter proteins such as cagA and vacA from
the bacteria to the host cell and gain of nutrients from the
environment. Bacteria with better adherence properties
would colonize the host at higher densities and cause
severe damage of the host[31,32]. Although H pylori have
generally been considered as an extracellular pathogen,
a number of in vitro infection experiments and biopsy

DISCUSSION
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examinations have shown that it is capable of occasionally
entering mammalian cells[33]. This penetration action may
be one of the mechanisms for survival of the bacteria.
In the present study, all tested H pylori strains adhered
to SCG-7901, AGS and MDCK cells in a gradient way
and the densities were 10 7-8, 10 3-5 and 10 2-4 CFU/mL,
respectively. The intensities of the adhering ability in
different cells in vitro were quite different from those
in the mouse infection models in vivo and the H pylori
adherence capacities in human cells were stronger than
that in the canine kidney epithelial cells. According to this
study, the invasive capacity was always consistent with
the adhesion ability in all the tested cell lines, the higher
the adhesion capacity, the better the invasion ability.
Our results are consistent with previous evidence of the
invasion ability in mammalian cells of H pylori[22,34] and
it may imply the varied attachment mechanisms among
different host species during H pylori infection. It also
supports the view that both the host and bacterial factors
mediate the adhesion and invasion of H pylori.
In the present study, the gentamicin protection assay
was relatively simple, reproducible and measureable.
Bacteria were determined after recovery from an additional
2 h incubation with gentamicin in the medium. The
internalized bacteria were protected since the gentamicin
could not penetrate the mammalian cell membranes. All
the calculated data were repeated 3 times and each host cell
had duplicate wells for each H pylori strain for validation.
CagA is present in some H pylori strains with enhanced
virulence, and has been identified as an important risk
factor for development of severe gastric diseases. H pylori
strains are divided into two groups named type Ⅰ and
type Ⅱ strains, based on whether they express cagA
or not [35,36]. It was previously described that cagA was
an effector protein of H pylori that was translocated via
a type Ⅳ secretion system into gastric epithelial cells,
interacted with different components in the host cell signal
transduction pathways and the actin binding proteins,
which ultimately affect the cytoskeletal organization[37-40].
This study showes no correlation between the presence
of cagA with the ability of adhesion and invasion of
H pylori. The only hummingbird response of AGS cell
was induced by 88-3887 wild type strain but not the cagA
minus mutant. This result is consistent with the previous
conclusion that cagA plays a crucial role in the host
cytoskeleton change. However, neither SS1 (cagA+) nor
X47 (cagA-) could induce the same morphologic changes
in the tested cells. Apart from AGS with the 88-3887 wild
type, the other tested host cells attached with H pylori
presented the under stress phenotypic changes such as
cell scattering, elongation, and roundness in shape. These
induced changes were not necessarily associated with
cagA or vacA. It has been discovered that translocated
cagA forms a physical complex with tyrosine phosphatase
SHP-2, which plays an important role in the signal
transduction pathway of the cell skeleton. According to
the sequences constituting the SHP-2 binding site, cagA
proteins can be sub-classified into East Asian and Western
types, which have different binding and transforming
activities [41,42]; while SS1 and 88-3887 all belong to the
Western type. However, this could not explain why SS1
www.wjgnet.com
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did not induce the same phenotypic change in AGS
as 88-3887. SS1 also harbors cagA and could achieve
high level mouse colonization. But this is controversial
to the fact that the cag PAI in this strain is incomplete,
as it lacks one open reading frame in the so-called ‘left
half ’ of the island[43,44]. On the other hand, we had no
evidence to support that the gene defect SS1 strain caused
different effects on AGS phenotypic changes from that of
88-3887 strain. Dana et al[45] reported that mouse adapted
strains had a reduced capacity to induce inflammatory
responses in AGS cells and suggests that such bacteria
are more easily to colonize mice. The present results may
indicate that the effector function of cagA in the host cell
cytoskeletal rearrangement is pivotal and bacterium and
host dependent. In different hosts, different H pylori strains
invade via alternate receptor mechanisms, and various
signal transduction pathways. The high degree genetic
diversities of H pylori may be generated depending on the
geographic origin or the ethnic origin of the host.
VacA cytotoxin is also considered to be an important
vir ulence factor in H pylori, since it induces large
cytoplasmic vacuoles in cultured mammalian cells. VacA
is present in all H pylori strains and has been shown to be
related to the colonization and intracellular survival of the
bacteria[46,47]. This study shows that vacA has no effect on
the adhesion and invasion abilities of H pylori. Our results
are conflict with Terebiznik’s data but consistent with
Amieva et al[22]'s observation that the internalization of
H pylori did not require vacA or cagA[48]. The phenotypic
changes of the host cells attached with SS1 vacA minus
mutant were the same as the wild type H pylori strains.
In summary, this study assesses the adherence and
invasiveness abilities of different mouse adapted H pylori
strains in different mammalian cell lines. The results imply
that both the host-genetic and the microbial factors are
involved in the development of the pathogenic infection
outcome. VacA and cagA constitute important virulence
factors of H pylori and both are delivered into the host
cells depending on the intimate contact between bacteria
and the gastric epithelial cells. This study suggests that
neither vacA nor cagA is associated with the adhesion and
invasion abilities of H pylori in different mammalian cell
models. The phenotypic changes induced by H pylori are
also host and bacterium dependent.
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Abstract
AIM: to determine if proteasome inhibition induces
apoptosis in human cholangiocarcinoma cells, and if so,
to elucidate the cellular mechanisms.
METHODS: Studies were performed in the human
KMCH, KMBC, and Mz-ChA-1 cholangiocarcinoma, and
normal rat cell lines. MG132, a peptide aldehyde, which
inhibits the chymotrypsin-like activity of the proteaosome
was employed for this study. Apoptosis was assessed
morphologically by 4’-6-Diamidino-2-phenylindole
(DAPI) nuclear staining and fluorescence microscopy.
Mitochondrial membrane potential was examined using
a fluorescent unquenching assay. Ultrastructural changes
during cell death were examined using transmission
electron microscopy (TEM). Caspase 3/7 activity was
assessed using an enzymatic-based fluorescent assay.
Cytosolic-free calcium concentrations were measured
using Fura-2 and digitized fluorescent microscopy.
RESULTS: MG132, a proteasome inhibitor, induced
apoptosis in all the cholangiocarcinoma cell lines
examined. In contrast, minimal cytotoxicity was observed
in normal rat cholangiocytes. Apoptosis was time- and
-concentration-dependent. There was no change in the
mitochondrial membrane potential between treated
and untreated cells. Ultrastructural examination by
transmission electron microscopy displayed the classic
features of apoptosis, but in addition, there was also
dramatic vacuolization of the endoplasmic reticulum (ER).
Unexpectedly, no increase in caspase 3/7 activity was
observed in MG132 treated cells, nor did the pancaspase
inhibitor, Q-VD-OPh prevent cell death. The protein
synthesis inhibitor, cycloheximide, blocked apoptosis
induced by proteosome inhibitor indicating that ER
dysfunction was dependent upon the formation of new
proteins.
CONCLUSION: Proteosome inhibition induces ER

dysfunction and caspase-independent cell death
s e l e c t i ve l y i n h u m a n c h o l a n g i o c a r c i n o m a c e l l s .
Proteasome inhibitors warrant evaluation as anticancer
agents for the treatment of human cholangiocarcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is a malignant disease arising from
the epithelial cells, termed cholangiocytes, lining the intra
and extrahepatic bile duct. Unfortunately, the incidence
of disease is increasing in many Western countries [1,2].
Surgery and liver transplantation are the only curative
treatment options; however, disease recurrence is common
even after ostensibly curative surgical procedures[3,4]. Nonsurgical therapy is palliative and there is no proven medical
therapy for this neoplasm. Thus, cholangiocarcinoma
is a devastating disease which frequently causes death.
Additional therapies are needed for the treatment of
this cancer. Cholangiocarcinoma has many phenotypic
similarities with the hematologic malignancy multiple
myeloma. For example, both neoplasms are IL-6 dependent,
evade apoptosis by overexpression of the Bcl-2 family
protein Mcl-1, and are associated with genetic silencing
of the tumor suppressor gene p16[5,6]. Recently, targeted
inhibition of the proteasome has been shown to be
effective anticancer therapy for multiple myeloma[7]. In
contrast, the effect of proteasome inhibition as therapy for
cholangiocarcinoma is unknown.
Proteasomes are complex macromolecular structures
which enzymatically degrade ubiquinated proteins [8] .
The barrel shaped 20S proteasome is a very large ATP
dependent proteolytic complex which has 4 rings that
enclose a central hollow where proteolysis takes place[9].
Its 2 central β -rings contain multiple chymotrypsinlike, two trypsin-like and two caspase-like activities. The
outer 2 alpha rings encircle a small opening through
www.wjgnet.com
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which polypeptide substrates enter. These alpha rings are
essential for assembly of the whole particle. The ubiquitinproteasome pathway plays an important role in signal
transduction, transcriptional regulation and response to
stress[10,11]. Inhibition of this pathway can trigger cell cycle
arrest at G1-S and G2-M phases of the cell cycle and
apoptotic pathways[12]. Although proteasome inhibition may
be predicted to have nonspecific cytotoxicity, malignant
cells are much more sensitive to the proapoptotic effects
of proteasome inhibition than nor mal cells [13] . The
potential explanation for this selectivity appears to be due
to the fact that cancer cells have more defective proteins
accumulating at much higher rates than normal cells.
This increases their dependency on optimal proteasome
function to dispose of these proteins. Proteosome failure
leads to the accumulation of these proteins which are toxic
to the cell.
In cancer cells, the accumulation of proteins, due to
proteasome inhibition induces cell death by multiple
mechanisms. Loss of proteasome function can lead to
accumulation of pro-apoptotic mediators which trigger the
cellular apoptotic machinery[14,15]. For example proteasome
inhibition leads to cellular accumulation of the proapoptotic
BH3 domain only protein of the Bcl-2 family, Bim[15]. Bim
dependent cell death is associated with mitochondrial
dysfunction and activation of intracellular caspases,
cysteine proteases which trigger canonical apoptotic
programs[15]. By preventing activation of the pro-survival
transcription factor, NF-κB, proteasome inhibition can also
trigger apoptosis[16]. More recently, proteasome inhibitors
have also been associated with cell death by inducing
endoplasmic reticulum (ER) dysfunction [17]. Thus, the
mechanisms of cell death by proteasome inhibition are
complex and likely cell type specific.
The overall objective of this study was to determine if
proteasome inhibition induces apoptosis in cholangiocarcinoma cell lines. The results demonstrate that proteasome
inhibition induces caspase-independent cell death of human
cholangiocarcinoma cell lines. This cell death pathway is
associated with structural abnormalities of the ER. Proteasome inhibition appears to induce ER dysfunction and cell
death in human cholangiocarcinoma cells.

MATERIALS AND METHODS
Reagents
M G 1 3 2 wa s f r o m C a l b i o ch e m ( S a n D i e g o C A ) .
Bo r tez o m i b wa s o b t a i n e d f r o m t h e M ayo C l i n i c
Formulary (Rochester, MN). DMEM (Life Technologies,
Gaithersburg, MD), fetal bovine ser um (Summit
Biotechnology, Fort Collins, CO), Penicillin-streptomycin
(Bio-Whittaker, Walkersville, MD), gentamycin (GIBCO
BRL, Life Technologies, Grand Island, NY), and O-VDOPh (Enzyme Systems, Livermore, CA), ECL (Amersham,
Arlington Heights, IL), BAPTA, AM (Invitrogen, Eugene,
OR) staurosporine (Sigma Chemicals Co, St Louis, MO)
and cycloheximide (Sigma Chemicals Co, St Louis, MO)
were purchased as indicated.
Cell lines
The human cholangiocarcinoma cell lines KMCH-1,
www.wjgnet.com
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KMBC, Mz-ChA-1, and normal rat cholangiocyte cell
line were cultured in Dulbecco’s modified Eagle medium
supplemented with 10% fetal bovine serum, penicillin G
(100 000 U/L), streptomycin (100 mg/L) and gentamycin
(100 mg/dL) as described previousl[18-20]. The normal rat
cholangiocyte cell line was a generous gift from Nicholas
F. LaRusso, Mayo Clinic, Rochester, MN[21]. Cells were
maintained in a humidified incubator under an atmosphere
containing 10% CO2 at 37℃.
Quantitation of apoptosis
Morphologic features of apoptosis were quantified by
assessing the characteristic nuclear changes of apoptosis
(i.e., chromatin condensation and nuclear fragmentation)
using the nuclear binding dye 4’,6-diamino-2-phenylindole
dihydrochloride (Sigma chemicals, St. Louis, MO) and
fluorescent microscopy[22].
Caspase 3/7 assay
Cells were cultured in 96 well plates (Corning, NY, NY).
Cellular caspase activation was assessed using the ApoOne™ homogeneous caspase-3/7 Assay according to the
supplier’s instructions (the Apo-ONE™ Homogenous
Caspase 3/7 activity kit-Promega Corporation, Madison
WI, USA). The Apo-One™ Reagent was added directly
to the cells in a 1:1 (Apo-One™ Reagent: cell culture medium) ratio of reagent to sample. After gently mixing by
shaking at 300-500 r/min on a plate shaker for 30 s, the
fluorescence of each well was measured at an excitation
wave length of 485 and an emission wavelength of 530
nm using a fluorescent plate reader[23].
Transmission electron microscopy
Cultured KMCH cells were fixed using Triump’s fixative
as previously described[24]. Briefly, the media was aspirated
and replaced with equal volume of Trump’s fixative (1%
glutaraldehyde and 4% for maldehyde in 0.1 mol/L
phosphate buffer, pH 7.2). Specimens were post-fixed
with 1% osmium tetroxide in 0.1 M cacodylate buffer and
embedded in Spurr’s resin. Thin sections (70 nm) were cut
and placed on copper grids and double stained with uranyl
acetate and lead citrate. The tissue was examined and
photographed with a transmission electron microscope
(1200 EXII; JEOL, Peabody, MA) operating at 60 kV.
Electron micrographs of cholangiocarcinoma cells each
were examined by two masked observers.
Measurement of cytosolic free calcium (Cai++)
Cai++ was measured in cultured KMCH cells loaded with
fura-2 using multiparameter digitized videomicroscopy as
previously described by us[25]. The microscope was a Zeiss
IM-35 inverted florescence microscope (Thormwood, NY)
equipped with phase contrast optics. A low light intensified
video camera (Model 66, MTI-Dage, Michigan City, IN)
collected florescent images which were digitized with a
QVG/AFA-123 video acquisition and display board
set (Imaging technologies, Woburn, MA) operating in a
MicroPDP 11/23 computer (Digital Equipment Corporation,
Maynard, MA). Cai++ was quantified by ratio imaging of fura-2

Ustundag Y et al . Cholangiocarcinoma cell cytotoxicity

Quantification of mitochondrial membrane potential
The mitochondrial membrane potential in KMCH cells
was measured by using a fluorescence unquenching
assay as previously described in detail by us[28]. This assay
is based on the concept of resonance energy transfer
between the mitochondrial membrane potential-sensitive
dyes tetramethylrhodamine ethyl ester and mitotracker
green. Cellular fluorescence was depicted using the
multiparameter digitized fluorescence microscopy system
described above and quantified by a software program
(Universal Imaging Co) as previously described elsewhere
in detail[29].
Immunocytochemistry for cellular NFκ B localization
Cells, cultured on collagen-coated glass cover slips,
were fixed with 4% paraformaldehyde. Cells were then
permeabilized with 0.5% Triton-X in PBS and blocked
with PBS containing 1% bovine serum albumin. To
ascertain the cellular localization, cytoplasmic vs nuclear,
for the p65 subunit of NFκB, cells were next incubated
with a polyclonal rabbit anti-p65 immunoglobulin G
(sc-372, Santa Cruz Biotechnology, Santa Cruz, CA) in
blocking buffer (1:1500) at 4℃ overnight. After washing,
Cy3-conjugated goat anti-rabbit Ig (Jackson Immuno
Research Labs, West Grove, PA) in blocking buffer (1:1000)
was added for one hour at room temperature. Cells were
then imaged by confocal microscopy (Zeiss LSM 510,
Carl Zeiss, Inc.,Thornwood, NJ), as described previously
in detail[30].
Statistical analysis
All data represent at least three independent experiments
and are expressed as the mean ± SE unless otherwise
indicated. All of the data were expressed as means from
three individual experiments. Differences between groups
were determined by using the Student's t-test for unpaired
observations.

RESULTS
Proteasome inhibition induces apoptosis selectively in human
cholangiocarcinoma cells
MG132 was employed to inhibit proteasome proteolytic
activity. Proteasome inhibition by MG132 induced apoptosis
in all three human cholangiocarcinoma cells. Apoptosis
was time-dependent and was maximal (65% ± 2%) at a
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taken through a 395 nm dichroic reflector and a 470-550
emission filter. By using a Kd of 224 nmol/L for the fura2-Cai++ complex, the mean values of pixel ratios for each
cell were converted to Cai++ as described previously by
Gyrinkiewicz et al[26]. Rmin, Rmax and sfb2/sb2 values
were calculated from measurements with fura-2 free acid
solutions in capillary tubes (Vitro Dynamics, Inc., Rockaway, NJ) set on the microscope stage[27]. To test whether
the involvement of Ca2+ homeostasis could be the key to
the specific vulnerability of cholangiocarcinoma cells to
proteasome inhibition, we co-treated KMCH cell cultures
with an intracellular Ca2+ chelator, BAPTA-AM (5 μmol/L)
with MG132 for 24 h.
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Figure 1 Morphologic assessment of MG132 induced death in KMCH, KMBC
and Mz-ChA-1 cholangiocarcinoma and normal rat cholangiocytes (NRC) cell
lines. A: MG132 induces apoptosis in all cholangiocarcionoma cell lines was
maximal (> 90%) with a MG132 concentration of 10 (μmol/L); B: MG132 (1 μmol/L)
induced apoptosis in the human KMCH cholangiocarcinoma cell line, but not in the
nontransformed NRC cells; C: Apoptosis had the classic nuclear appearance as
assessed by DAPI staining and fluorescence microscopy.

MG132 concentration of 1 μmol/L at 24 h. Apoptosis
was also concentration-dependent as maximal apoptosis
(90%) was observed at 24 h in KMCH cells treated with 10
μmol/L MG132 (Figure 1A, B, and C). In contrast, minimal
cytotoxicity was observed in normal rat cholangiocytes treated
with 10 μmol/L MG132 (Figure 1B and C). As assessed by
nuclear morphology, dead cells had the classic features of
apoptosis (Figure 1C). We selected the KMCH cells for further
mechanistic studies as this cell has been frequently employed
for studies of human cholangiocarcinoma[31].
Proteasome inhibition induces caspase-independent cell
death
In many models, but not all, apoptosis is caspase-dependent.
To determine if MG132 mediated apoptosis is caspasewww.wjgnet.com
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Figure 2 Caspase 3/7 activity and apoptosis in MG132 and staurosporine (SP) treated KMCH cells A: Cells were treated with MG132 1 μmol/L and SP 5 μmol/L for 16 h.
Caspase 3/7 activity was increased SP cells (P < 0.05). In contrast, caspase activity was not different for MG132 treated cells vs controls. B: Cell death was assessed by
morphologic criteria using DAPI and fluorescence microscopy. Cells were treated with SP or MG1321 for 24 h in the absence or presence of the pancaspase inhibitor, QVD
at 5 μmol/L. Note QVD blocked staurosporine, but not MG132, induced apoptosis. Data represent the mean ± SE of three separate studies.

Untreated

dependent in KMCH cells, we initially measured caspase
activity (Figure 2A). Unexpectedly, an increase in
caspase 3/7 activity was not observed in MG132 treated
cells, although a 5-fold increase was readily observed in
staurosporine treated cells, an agent which induces caspasedependent cell death[32]. Consistent with this observation,
MG132 mediated apoptosis was also not inhibited by the
pancaspase inhibitor QVD-OPh[33]. In contrast, QVD-(0Ph)
readily inhibited staurosporine mediated apoptosis (Figure
2B). Thus, in human cholangiocarcinoma cells, proteasome
inhibition is associated with caspase- independent cell
death.
NFκ B is not constitutively activated in cholangiocarcinoma
cells
Several effects of proteasome inhibitors including apoptosis
seem to be mediated through inhibition of NF- κ B by
blocking the degradation of I-κB[34]. Since this transcription
factor is constitutively activated in many malignant cells, we
examined NF-κB activation in cholangiocarcinoma by im
munocytochemistry[35,36]. NF-κB nuclear immunoreactivity
was not identified in cholangiocarcinoma cells (Figure 3).
Thus, NF-κB is not constitutively activated in this cell type.
Therefore, proteasome inhibition cannot induce apoptosis
by blocking this pathway in this cell type.
Proteasome inhibition induces an ER stress pathway of
apoptosis
To further examine the mechanisms of cell by MG132 in
www.wjgnet.com

MG132

Figure 3 Immunofluorescence
for cell localization of the
p65 NF-κB subunit. Cellular
compartmentation of the p65
NF-κB subunit was examined
in KMCH cells by confocal laser
scanning microscopy. The p65
NFκB subunit was completely
cytoplasmic in untreated KMCH
cholangiocarcinoma cells; its
localization also remained
cytoplasmic following exposure
to MG132 (1 μmol/L) for 24 h.

these cells, ultrastructural studies of the MG132 treated
cells were performed. Both in MG132 and bortezomib
treated cells, prominent ER vacuolization was observed.
T his obser vation was extremely pronounced and
readily apparent in all apoptotic cells (Figure 4A). Thus,
proteasome inhibition is associated with morphologic
evidence for ER dysfunction. The specificity of proteasome
inhibition in this cell type was verified by examining
mitochondrial function. The mitochondrial membrane
potential is a sensitive indicator of mitochondrial function.
In contrast to the ER structure and function alterations,
proteasome inhibition by MG132 did not perturb the
mitochondrial membrane potential. Indeed, integrated
mitochondrial membrane fluorescence (average fluorescent
intensity x pixels above background) was observed to be
168 736 ± 17 699 and 143 269 ± 8859 in untreated and treated
cells following 24 h of incubation, respectively (P = NS).
Thus, proteasome inhibition by MG132 induces significant
ER structural alterations in the absence of mitochondrial
dysfunction.
Because the ER stress pathway of cell death can
be associated with sustained increases in cytosolic-free
Cai++, we next measured cytosolic-free Cai++ in MG132
treated KMCH cells. Sustained, but very modest, increases
in cytosolic-free Cai ++ were observed after treatment
with MG132 and bortezomib. Cytosolic-free Cai ++
concentrations increased only 2 fold (129 ± 3 nmol/L to
244 ± 33 nmol/L with 1 μmol/L MG132 and 292 ± 54
nmol/L with 1 μmol/L bortezomib, P < 0.05). (Figure
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Figure 5 The translational inhibitor cycloheximide inhibits MG132 induced cell
death in KMCH cells. The translational inhibitor, cycloheximide (CHM) 50 μmol/L,
completely inhibited MG132 1 μmol/L induced apoptosis in KMCH cells co-treated
with both agents for 24 h. Cell death was assessed by morphologic criteria using
DAPI and fluorescence microscopy. Data represent the mean ± SE of three
separate studies.
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Figure 4 A: Morphologic features of apoptosis induced by proteasome inhibitors,
MG132 and bortezomib in KMCH cells. On the left up panel, transmission electron
microscopic appearance of untreated cholangiocarcinoma cell is depicted (bar
= 0.5 μm). In the right up panel, exposure to MG132 (1 μmol/L ) for 24 h results
in a distinctly dilated ER (arrowhead) (bar = 2 μm) . On the bottom-left panel,
similar results are observed with MG 132 (0.5 μmol/L) for 24 h (arrowhead)
(bar = 2 μm). Note apoptotic morphology also characterized by condensation of
heterochromatin; On the bottom-right panel, high magnification image of cytoplasm
shows dilated ER (arrowhead) (bar = 2 μm); B: Cai++ increases following treatment
with proteasome inhibitors in KMCH cells. The time course of Cai++ changes is
demonstrated. At 24 h, Cai++ levels were significantly increased in MG132 1 mol/L
and Bortezomib 1 μmol/L treated cells than untreated KMCH cells (P < 0.05); C:
Intracellular Cai++ chelation with BAPTA does not prevent apoptosis by MG132.

4B). Co-treatment of BAPTA-AM, a potent calciumchelator, with MG132 did not reduce MG132 induced
apoptosis (Figure 4C). Taken together, proteasome
inhibition induces ER dysfunction and apoptosis in
human cholangiocarcinoma cells. This ER dysfunction
is characterized by morphologic changes in the ER and
modest elevations in cytosolic-free calcium. However, the
latter is unlikely to be the mediator of cell death.

Cycloheximide inhibits MG132 induced apoptosis
Proteasome inhibitors allow cellular protein synthesis to
continue while they block degradation of damaged or
unfolded proteins. Accumulation of unfolded proteins
in the ER can trigger ER dysfunction and cell death. To
ascertain if this is the mechanism of proteasome inhibitor
mediated cell death in cholangiocarcinoma cells, the cells
were co-incubated with MG132 plus cycloheximide, a
protein synthesis inhibitor[37]. Cycloheximide remarkably
blocked MG132 induced apoptosis (7.5 vs 64.5%, P < 0.05)
(Figure 5). This observation suggests active protein synthesis
is necessary for the cytotoxicity of proteasome inhibition in
human cholangiocarcinomas.

DISCUSSION
The principal findings of this study relate to the mechanism
of cell death in human cholangiocarcinoma cells by
proteasome inhibition. T he results demonstrated
that (1) proteasome inhibition induces apoptosis in
cholangiocarcinoma cells; (2) the cell death is caspaseindependent; and (3) is associated with morphologic
changes of the ER; and (4) the cell death is dependent
upon protein synthesis. The results support the further
exploration of proteasome inhibition as a therapeutic
strategy for human cholangiocarcinoma. The proteasome
inhibitor MG132 induced time- and concentrationdependent cell death in all cholangiocarcinoma cell lines
examined. These data suggest proteasome inhibitors are
potential anti-cancer drugs for this neoplasm. This class of
agents is currently employed for the treatment of multiple
myeloma. Although, the efficacy of proteasome inhibitors
for the treatment of solid tumors has been disappointing,
this may not be necessarily true for cholangiocarcinoma.
Despite the fact that cholangiocarcinoma is an epithelial
cell tumor, it has many phenotypic features similar to
multiple myeloma including interleukin 6 dependent
survival signaling pathways [38]. From this prospective,
proteasome inhibitors may be anti-cancer drugs for
cholangiocarcinoma as well.
Proteasome inhibitors have been reported to trigger
caspase-dependent apoptosis by caspase-3 and 8 activation
in multiple myeloma and chronic lymphocytic leukemia
cells[16,39]. The caspase dependent apoptosis can be induced
by preventing proteasome degradation of Bim, a potent
proapoptotic member of the Bcl-2 family of proteins. Bim
accumulation then triggers the mitochondrial pathway of
www.wjgnet.com
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apoptosis. Nevertheless, MG132 induced apoptosis was
found to be caspase independent in cholangiocarcinoma
cell lines as an increase of caspase-3/7 activity was not
observed in our studies. Likewise, there was no inhibition
of apoptosis by a pancaspase inhibitor. Consistent with
the lack of caspase activity, the mitochondrial membrane
potential was also unperturbed in treated cells. This
observation suggests proteasome inhibition triggers an
alternative cell death pathway in these cells. Proteasome
inhibitors have several anti-tumoral mechanisms. One of
them is by inactivation of the transcription factor, NF-κB.
Indeed, inhibition of NF-κB is a prominent mechanism
by which proteasome inhibition induces apoptosis.
In response to cellular stress; I- κ B is degraded by
proteasomes and NF-κB released activating transcription
of g enes for several factors including apoptosis
inhibitors[16]. However, our current study demonstrated
that NF-κB is not constitutively active in KMCH, KMBC
and Mz-ChA-1 cholangiocarcinoma cell lines and,
therefore, proteosome inhibitors can not induce cell death
in these cells by blocking NF-κB activation.
The ER can be involved as a primary target organelle
in apoptosis. Secretory proteins or proteins for plasma
membrane are modified and acquire their correct folding
conformation in the ER. Proteins that are unable to fold
properly in the ER are degraded by the proteasome. It
is proposed that proteasome inhibition can cause the
accumulation of misfolded proteins, resulting in excessive
ER stress[17]. Transformed cells are particularly sensitive to
the ER cell death pathway[40]. Indeed, our ultrastructural
studies demonstrated marked alterations of ER morphology
by proteasome inhibition. Similar morphologic findings have
also been reported in glioma cells undergoing apoptosis
after treatment with proteasome inhibitor, bortezomib[41].
The protein synthesis inhibitor cycloheximide did reduce
cell death by the proteasome inhibitor MG132. This
observation suggests that accumulation of misfolded or
unfolded proteins following protein inhibition likely
contributes to the ER morphologic changes and cell death
observed in the current study. The ability of MG132 to
induce cell death in the cells by a selective mechanism is
of therapeutic interest. Drugs such as bortezomib warrant
further attention as therapeutic agents in the treatment of
cholangiocarcinoma.
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Abstract
AIM: To evaluate the ability of the time-signal intensity
curve (TIC) of the pancreas obtained from dynamic
contrast-enhanced magnetic resonance imaging (MRI)
for differentiation of focal pancreatic masses, especially
pancreatic carcinoma coexisting with chronic pancreatitis
and tumor-forming pancreatitis.
METHODS: Forty-eight consecutive patients who
underwent surgery for a focal pancreatic mass, including
pancreatic ductal carcinoma (n = 33), tumor-forming
pancreatitis (n = 8), and islet cell tumor (n = 7), were
reviewed. Five pancreatic carcinomas coexisted with
longstanding chronic pancreatitis. The pancreatic
TICs were obtained from the pancreatic mass and the
pancreatic parenchyma both proximal and distal to the
mass lesion in each patient, prior to surgery, and were
classified into 4 types according to the time to a peak: 25
s and 1, 2, and 3 min after the bolus injection of contrast
material, namely, type-Ⅰ, Ⅱ, Ⅲ, and Ⅳ, respectively,
and were then compared to the corresponding
histological pancreatic conditions.
RESULTS: Pancreatic carcinomas demonstrated type-Ⅲ
(n = 13) or Ⅳ (n = 20) TIC. Tumor-forming pancreatitis
showed type-Ⅱ (n = 5) or Ⅲ (n = 3) TIC. All islet cell
tumors revealed type-Ⅰ. The type-Ⅳ TIC was only
recognized in pancreatic carcinoma, and the TIC of
carcinoma always depicted the slowest rise to a peak
among the 3 pancreatic TICs measured in each patient,
even in patients with chronic pancreatitis.
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CONCLUSION: Pancreatic TIC from dynamic MRI
provides reliable information for distinguishing pancreatic
carcinoma from other pancreatic masses, and may
enable us to avoid unnecessary pancreatic surgery
and delays in making a correct diagnosis of pancreatic
carcinoma, especially, in patients with longstanding
chronic pancreatitis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The differential diagnosis between carcinoma and benign
lesion in the pancreas is extremely important because
surgical resection offers the only chance of a cure in
patients with pancreatic carcinoma or, conversely, may
result in unnecessary risk of morbidity and mortality for
benign lesions. Recent advances in imaging techniques
have enabled us to precisely detect pancreatic carcinoma,
however, it still remains difficult to distinguish chronic
pancreatitis from this dismal pancreatic malignancy
because chronic pancreatitis occasionally presents as a
focal pancreatic swelling or mass with similar clinical
and radiologic features to pancreatic carcinoma[1-3]. To
complicate this issue even further, chronic pancreatitis may
develop into pancreatic carcinoma[4-7], and also pancreatic
carcinoma may develop obstructive chronic pancreatitis
secondary to pancreatic ductal obstruction[2,8,9].
Both pancreatic carcinoma and chronic pancreatitis

Tajima Y et al. Detection of pancreatic carcinoma with dynamic MR imaging
250

We evaluated 48 consecutive patients who underwent
surgery for focal pancreatic masses due to focal solid
tumors or focal enlargement of the pancreas, between
March 1999 and May 2006. The pancreatic masses with
cystic components, such as cystadenocarcinoma, intraductal
papillary-mucinous neoplasm, solid-pseudopapillary tumor,
or pseudocyst, were excluded. The patients ranged in age
from 45 to 82 years, with a mean of 65 years. There were
30 men and 18 women. From the clinical and radiologic
findings, 34 patients were suspected of having pancreatic
carcinoma, 7 of having focal chronic pancreatitis (socalled tumor-forming pancreatitis), and 7 of having
islet cell tumor. The surgical interventions consisted of
a pancreaticoduodenectomy (PD, n = 13), a pyloruspreserving pancreaticoduodenectomy (PPPD, n = 18), a
duodenum-preserving pancreatic head resection (DPPHR,
n = 1), a middle pancreatectomy (MP, n = 2), a distal
pancreatectomy (DP, n = 13), and a hepaticojejunostomy
together with biopsies of the pancreas (n = 1). The
postoperative histological evaluations of the surgical
specimens revealed the pancreatic masses to be pancreatic
ductal carcinoma in 33, tumor-forming pancreatitis in 8,
and an islet cell tumor in 7.
All 48 patients received dynamic contrast-enhanced
MRI of the pancreas prior to surgery. The pancreatic
MRI was conducted by using the 1.5-T superconducting
system (SIGNA Horizon LXTM; GE Medical Systems,
Milwaukee, WI). We used a fat-suppressed threedimensional fast spoiled gradient re-called echo sequence
with the following imaging parameters: TR/TE,
6.0-6.1/1.3-1.4 msec; flip angle, 20°; section thickness, 6-8
mm; no intersection gap; matrix, 256 × 160; 1 excitation;
field of view, 32-36 cm. The dynamic series comprised 5
individual dynamic images, obtained before and 25 s and 1,
2 and 3 min after the rapid bolus injection of 0.1 mmol of
meglumine gadopentetate (Magnevist®; Schering, Berlin,
Germany)/kg of body weight. The contrast medium
was administered intravenously at approximately 3 mL/s
followed by flushing with 20 mL saline solution. The
original MRI data were then loaded onto a workstation,
and the regions of interest (ROI) were placed at 3 different
parts of the pancreas in each patient, i.e., the pancreatic
mass and the non-tumorous pancreatic parenchyma both
proximal (head-sided) and distal (tail-sided) to the mass
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possess a large degree of fibrosis[10-13], which is associated
with a gradual progressive enhancement on contrastenhanced computed tomography (CT) and dynamic
magnetic resonance imaging (MRI) [2,3,14,15] , making
the distinction of these entities difficult. We recently
demonstrated a time-signal intensity curve (TIC) of the
pancreas obtained from dynamic contrast-enhanced MRI
to be a reliable and non-invasive monitoring technique for
a precise evaluation of pancreatic fibrosis[16]. In this study,
we investigated the ability of the pancreatic TIC from
dynamic MRI to differentiate pancreatic carcinoma from
other focal pancreatic masses, especially in patients with
chronic pancreatitis.
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Figure 1 Patterns of the time-signal intensity curve (TIC) from dynamic contrastenhanced magnetic resonance imaging of the pancreas.

lesion. The ROI ranged in size from 0.2 to 1 cm2. The
pancreatic TIC was then generated as a percentage increase
in the signal intensity (SI), according to the following
enhancement formula: (SIpost-SIpre)/SIpre × 100, where
SIpre and SIpost represent the pre- and post-contrast
SIs, respectively. 16The patterns of pancreatic TIC were
classified into 4 types (Figure 1): type-Ⅰ, characterized
by a rapid rise to a peak (25 s after injection of contrast
material) followed by a rapid decline; type-Ⅱ, with a slow
rise to a peak (1 min after administration of contrast
material) followed by a slow decline; and type-Ⅲ or Ⅳ,
with an even slower rise to a peak (2 or 3 min after the
administration of contrast material) followed by a slow
decline or plateau.
A retrospective review of the preoperative pancreatic
MRI study and pancreatic histology was performed, and
the patterns of TIC from dynamic MRI measured at the
3 parts of the pancreas were then compared with the
corresponding histological pancreatic sections in each
patient.

RESULTS
The clinicopathological characteristics and the results of a
pancreatic MRI study of 33 patients with pancreatic ductal
carcinoma are described in Table 1.
Pancreatic carcinomas developed in a normal pancreas
in 28 patients, whose preoperative diagnosis based on
the clinical and radiologic findings was identical to the
histological diagnosis. Pancreatic carcinomas demonstrated
type-Ⅲ (n = 12) or type-Ⅳ (n = 16) TIC. In contrast, the
pancreatic parenchyma proximal to the tumor showed
type-ⅠTIC, while the distal pancreas revealed type-Ⅰ
(n = 5) or type-Ⅱ (n = 23) TIC (Figure 2). A histological
study of the distal pancreas showing type-Ⅱ TIC revealed
obstructive chronic pancreatitis with mild to severe
fibrosis.
Five patients had pancreatic carcinoma in the
background of longstanding chronic pancreatits. Two
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Table 1 Clinicopathological characteristics and pancreatic TIC profiles in patients with focal pancreatic mass due to pancreatic carcinoma

Case No.

Age

Sex

Location
of focal Preoperative
diagnosis
mass

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

53
64
73
52
69
70
53
78
57
59
75
75
54
63
57
67
67
59
74
69
73
74
61
64
63
68
65
76
59
75
57
67
79

M
M
F
F
M
F
M
F
M
F
F
F
F
M
F
M
M
M
M
M
M
M
M
F
M
M
M
M
M
F
F
M
F

Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Pb
Pb
Pb
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Ph
Pb
Pb
Ph
Ph
Ph
Ph
Ph

Carcinoma
Carcinoma
Carcinoma
Carcinoma
Carcinoma
Carcinoma
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TIC: time-signal intensity curve; Ph: pancreatic head; Pb: pancreatic body; TF: tumor-forming; PD: pancreaticoduodenectomy; PPPD: pylorus-preserving
pancreaticoduodenectomy; DP: distal pancreatectomy; N: normal; IDC: invasive ductal carcinoma; CP: chronic pancreatitis; TACP: tumor-associated chronic
pancreatitis.

A

Figure 2 Representative pancreatic TIC
profiles in patients with pancreatic ductal
carcinoma developed in a normal pancreas.
A, B: Dynamic contrast-enhanced MRI
images of the pancreas in a 59-year-old man
with carcinoma of the head of the pancreas.
The ROIs are placed at the pancreatic mass
(No.2 ROI) and the non-tumorous pancreatic
parenchyma both proximal (No.1 ROI) and
distal (No.3 ROI) to the mass lesion; C:
Pancreatic TICs obtained from the no.1 and
no. 2 ROIs as in (A) demonstrate type-Ⅰ
and type-Ⅳ, respectively; D: Pancreatic TIC
obtained from the No.3 ROI as in Figure 2B
shows type-Ⅱ.
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Figure 3 Pancreatic carcinoma occurring in a 67-year-old man with a longstanding chronic pancreatitis. A: An abdominal contrast-enhanced CT image shows a focal
enlargement of the head of the pancreas. The tumor-to-parenchymal attenuation difference is obscure. The patient underwent a laparotomy under a diagnosis of tumorforming pancreatitis presenting with obstructive jaundice and was found to have pancreas head carcinoma during the operation; B, C: Dynamic contrast-enhanced MRI
images of the pancreas. The ROIs are placed at the focally enlarged pancreas head (No.2 ROI), the proximal side of the head of the pancreas (No.1 ROI) , and the body of
the pancreas (No.3 ROI); D: Pancreatic TICs obtained from the No.1 and No.2 ROIs as in (B) demonstrate type-Ⅱ and type-Ⅳ, respectively; E: Pancreatic TIC obtained
from the No.3 ROI as in (C) shows type-Ⅲ.

Table 2 Clinicopathological characteristics and pancreatic TIC profiles in patients with focal pancreatic mass due to chronic pancreatitis
Location
Case
No.
1
2
3
4
5
6
7
8

Age

Sex

of focal
mass

70
55
62
47
63
45
60
51

M
M
M
M
M
F
M
F

Ph
Pb
Ph
Pb
Ph
Pb
Pt
Pt

Underlying

Type of pancreatic TIC of

Histopathology of

Preoperative
diagnosis

chronic
pancreatitis

Operative
procedure

proximal
pancreas

focal
mass

distal
pancreas

proximal
pancreas

focal
mass

distal
pancreas

TF-pancreatitis1
TF-pancreatitis
TF-pancreatitis
TF-pancreatitis
TF-pancreatitis1
TF-pancreatitis
TF-pancreatitis
TF-pancreatitis

Yes
Yes
Yes
Yes
Yes
Yes
No
No

PPPD
MP
PPPD
DP
PPPD
DP
DP
DP

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅲ
Ⅲ
I
I

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅲ
Ⅲ
Ⅱ
Ⅲ

Ⅱ
Ⅱ
Ⅲ
Ⅲ
Ⅱ
Ⅲ
Ⅱ
Ⅲ

CP
CP
CP
CP
CP
CP
Normal
Normal

CP
CP
CP
CP
CP
CP
CP
CP

CP
CP
CP
CP
CP
CP
CP
CP

TIC: time-signal intensity curve; Ph: pancreatic head, Pb: pancreatic body, Pt: pancreatic tail; TF: tumor-forming; PPPD: pylorus-preserving
pancreaticoduodenectomy; MP: middle pancreatectomy; DP: distal pancreatectomy; CP: chronic pancreatitis; 1Suspicious of carcinoma.

of them underwent surgery under a diagnosis of tumorforming pancreatitis and were confirmed to be pancreatic
carcinoma during the operation: one patient underwent
a pancreaticoduodenectomy, while the other received a
palliative operation because of the far advanced stage of
the disease. The TIC profiles of 5 carcinomas coexisting
with chronic pancreatitis showed type-Ⅲ (n = 1) or
type-Ⅳ (n = 4) TIC. Although the proximal and distal
pancreas demonstrated type-Ⅱ or type-Ⅲ pancreatic TIC,
pancreatic carcinoma displayed a distinctive TIC profile in
every patient, depicting the slowest rise to a peak among
the 3 pancreatic TICs measured in each individual pancreas

(Figure 3).
In 8 patients with tumor-forming pancreatitis, 6 lesions
were associated with longstanding chronic pancreatitis
and 2 lesions were recognized in a normal pancreas (Table
2). Preoperative diagnosis of these patients was tumorforming pancreatitis, but in 2 patients, who underwent a
pylorus-preserving pancreaticoduodenectomy together
with lymphadenectomy, the possibility of carcinoma of
the head of the pancreas could not be ruled out and the
definitive diagnosis of chronic pancreatitis was confirmed
after surgery. The focal pancreatic masses due to tumorforming pancreatitis demonstrated the TIC of type-Ⅱ (n =
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Figure 4 Tumor-forming pancreatitis in a 70-year-old man
with a long history of alcohol abuse. The patient underwent
a pylorus-preserving pancreaticoduodenectomy together
with lymphadenectomy for a suspected pancreas head
carcinoma associated with obstructive jaundice and was
confirmed to be chronic pancreatitis after surgery. A, B:
Dynamic contrast-enhanced MRI images of the pancreas.
The ROIs are placed at the pancreatic mass (No.2 ROI)
and the pancreatic parenchyma both proximal (nNo.1
ROI) and distal (No.3 ROI) to the mass lesion; C: Both
of the pancreatic TICs obtained from the No.1 and no.2
ROIs as in Figure 4A demonstrate type-Ⅱ; D: Pancreatic
TIC obtained from the No.3 ROI as in Figure 4B also
shows type-Ⅱ.
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Table 3 Clinicopathological characteristics and pancreatic TIC profiles in patients with focal pancreatic mass due to islet cell tumor

Case
No.
1
2
3
4
5
6
7

Age

Sex

Location
of focal
mass

63
68
82
47
70
46
69

M
M
M
F
M
F
F

Ph
Pb
Pb
Pb
Ph
Pb
Pb

Type of pancreatic TIC of

Histopathology of

Preoperative
diagnosis

Underlying
chronic
pancreatitis

Operative
procedure

proximal
pancreas

focal
mass

distal
pancreas

proximal
pancreas

focal
mass

distal
pancreas

Insulinoma
Insulinoma
Islet cell tumor
Islet cell tumor
Islet cell tumor
Islet cell tumor
Islet cell tumor

No
No
No
No
No
No
No

PPPD
MP
DP
DP
DPPHR
DP
DP

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

Normal
Normal
Normal
Normal
Normal
Normal
Normal

Insulinoma
Insulinoma
Glucagonoma
Glucagonoma
NFICT
NFICT
NFICT

Normal
Normal
Normal
Normal
Normal
Normal
Normal

TIC: time-signal intensity curve; Ph: pancreatic head, Pb: pancreatic body; PPPD: pylorus-preserving pancreaticoduodenectomy; DPPHR: duodenum-preserving
pancreatic head resection; MP: middle pancreatectomy; DP: distal pancreatectomy; NFICT: non-functioning islet cell tumor.

5) or type-Ⅲ (n = 3). Meanwhile, the TICs of the proximal
and distal pancreas varied in type from type-Ⅰto type-Ⅲ.
In comparing 3 pancreatic TICs measured for each patient,
the TIC profile of the focal mass was identical to TICs of
both the proximal and distal pancreas in 3 patients (Figure
4), or equal to at least one of these TICs in 5 patients.
In 7 patients with islet cell tumors, a correct diagnosis
was made preoperatively on the basis of their characteristic
clinical and radiologic features. The tumors demonstrated
type-ⅠTIC, and the TICs of the proximal and distal
pancreas also showed type-Ⅰ(Table 3). The histological
study revealed the non-tumorous pancreatic parenchyma
to be normal in these cases.
Overall, pancreatic ductal carcinomas demonstrated
type-Ⅲ (n = 13) or Ⅳ (n = 20) TIC, and the type-Ⅳ TIC
was only recognized in pancreatic carcinoma among the 48
series of focal pancreatic mass. Moreover, the TIC profile
of carcinoma always depicted the slowest rise to a peak

www.wjgnet.com

among the 3 pancreatic TICs measured in each patient.
Tumor-forming pancreatitis showed type-Ⅱ (n = 5) or Ⅲ
(n = 3) TIC, and the TICs of the focal mass due to chronic
pancreatitis were identical to at least one of the TICs in
the proximal and distal pancreas in each patient. All islet
cell tumors revealed type-ⅠTIC.

DISCUSSION
The differentiation between pancreatic carcinoma
coexisting with chronic pancreatitis and focal mass due to
chronic pancreatitis continues to be a challenge. Although
various diagnostic modalities have been proposed to help
differentiate these 2 pancreatic entities[17-22], the accuracy
of each method varies and no single non-invasive method
for making a correct diagnosis has yet been suggested. The
presence of a focal pancreatic mass is generally indicative
of a neoplasm, and thus the patients are often subjected to

Tajima Y et al. Detection of pancreatic carcinoma with dynamic MR imaging

major pancreatic surgery such as pancreaticoduodenectomy
for presumed pancreatic malignancy that proves later to
be benign in 5% to 11% of all cases[23-26]. In our series, 2
of 8 patients with tumor-forming pancreatitis underwent
a pancreas head resection along with lymphadenectomy,
because pancreatic carcinoma could not be ruled out.
Conversely, 2 patients with preoperative diangnosis
of tumor-forming pancreatitis were revealed to have
pancreatic malignancy during operation. An accurate
preoperative differential diagnosis is needed to avoid
such unnecessary surgery and delays in making a correct
diagnosis of pancreatic carcinoma.
The present study on the differentiation of focal
pancreatic masses with dynamic contrast-enhanced MRI
demonstrated that pancreatic ductal carcinomas exhibit
a characteristic TIC profile which is different from other
focal masses of the pancreas. The type-Ⅳ TIC was a
unique profile indicative of pancreatic carcinoma since
no other focal pancreatic masses displayed type-Ⅳ TIC.
A representative TIC profile pattern of the pancreas with
carcinoma was comprised of type-ⅠTIC in the proximal
pancreas, type-Ⅳ TIC in the mass lesion, and type-Ⅱ TIC
in the distal pancreas. Our previous study demonstrated
the fibrosis ratios of pancreas with type-Ⅰ, Ⅱ, or Ⅲ TICs
as to be 3.5% (range, 1.5-10.1), 15.9% (range, 7.5-25.2),
and 22.6% (range, 17.8-27.3), respectively[16]. In the present
study, the type-Ⅱ TIC of the distal pancreas in patients
with pancreatic carcinoma also reflected the increase in
fibrosis in the distal pancreas due to obstructive chronic
pancreatitis. Similar findings of delayed enhancement
of the pancreas distal to pancreatic carcinoma have
been noted on both dual-phase CT examinations[2] and a
dynamic MRI study[8].
On the other hand, there was an overlap in the TIC
profile between pancreatic carcinoma and tumor-forming
pancreatitis in this study, i.e., type-Ⅲ TIC. The type-Ⅲ
TIC accounted for 39% (13/33) of pancreatic carcinoma
and 38% (3/8) of tumor-forming pancreatitis. However,
the series of pancreatic TICs measured in 3 parts of
the individual pancreas provided helpful information
for distinguishing these 2 pancreatic pathologies. The
TIC profile of a mass due to carcinoma always depicted
the slowest rise to a peak among the 3 pancreatic TICs,
even in carcinomas occurring in patients known to
have longstanding chronic pancreatitis, while the TIC
profile of the focal mass due to chronic pancreatitis
was identical to at least one of the proximal and
distal pancreatic TICs in individual patients. Chronic
pancreatitis has a risk for pancreatic carcinoma with
an incidence of 2% after 10 years and 5.9% after 20
years of documented chronic pancreatitis [4] , and the
diagnosis of pancreatic carcinoma in this setting may
therefore be difficult or even impossible [1,24,25,27,28] .
Thus far, at the time of detection, the majority of patients
with pancreatic carcinoma associated with chronic
pancreatitis tend to be surgically unresectable. However,
our findings sug gest that the pancreatic TIC from
dynamic MIR is a potential diagnostic tool for detecting
pancreatic carcinoma in patients with longstanding chronic
pancreatitis, which enable us to distinguish pancreatic
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carcinoma from tumor-forming pancreatitis.
The major morphologic change of chronic pancreatitis
is the progressive destruction of the exocrine parenchyma
with replacement by dense fibrous tissue [1-3]. However,
pancreatic carcinomas also possess an abundant degree
of fibrosis[10,12] since pancreatic carcinoma cells induce
fibrosis by the stimulation of pancreatic stellate cells[29,30].
Fibrosis diminishes the amount of aqueous protein in the
pancreatic acini and the capillary network of the pancreas
that may underlie both the loss of signal intensity in the
pancreas on fat-suppressed T1-weighted images and the
diminished enhancement on dynamic contrast-enhanced
images [31,32] . Experimental and clinical studies have
demonstrated alcoholic or occlusive chronic pancreatitis
and pancreatic carcinoma to be associated with tissue
fibrosis, a reduced blood vessel density[33,34], and a decreased
pancreatic blood flow[35-38]. In contrast, pancreatic islet cell
tumors are hypervascular neoplasms[39] and it is therefore
reasonable that all pancreatic islet cell tumors showed
type-ⅠTIC in this study. The number of blood vessels,
the amount of aqueous protein, and the degree of fibrosis
in the pancreas, along with the difference in the massto-pancreatic parenchymal contrast, may together play
a role in the MRI contrast-enhancement of pancreatic
masses. However, there is a considerable discrepancy in
the reported results of the blood vessel count and the
degree of fibrosis in pancreatic carcinoma, tumor-forming
pancreatitis, tumor-associated chronic pancreatitis, and the
normal pancreas[10,33,34,40-44]. To clarify the precise pancreatic
pathology based on the pancreatic TIC from dynamic
MRI, a qualitative assessment of the changes in pancreatic
microcirculation during neovascularization and the
obliteration of the small vessels by fibrosis or cancer cells
is thus called for.
In conclusion, pancreatic TIC from dynamic MRI was
found to provide reliable information for differentiating
pancreatic carcinoma from a focal mass due to chronic
pancreatitis and for also detecting pancreatic carcinoma
associated with longstanding chronic pancreatitis. This
imaging technique may therefore make it possible to
eliminate the number of exploratory laparotomies as
well as unnecessary major pancreatic surgery and delays
in making a correct diagnosis of pancreatic carcinoma,
especially in patients associated with chronic pancreatitis.
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Abstract
AIM: To transplant undifferentiated embryonic stem
(ES) cells into the spleens of carbon tetrachloride (CCl4)treated mice to determine their ability to differentiate
into hepatocytes in the liver.
METHODS: CCl4, 0.5 mL/kg body weight, was injected
into the peritoneum of C57BL/6 mice twice a week for 5
5
wk. In group 1 (n = 12), 1 x 10 undifferentiated ES cells
6
(0.1 mL of 1 x 10 /mL solution), genetically labeled with
GFP, were transplanted into the spleens 1 d after the
second injection. Group 2 mice (n = 12) were injected
with 0.2 mL of saline twice a week, instead of CCl 4,
and the same amount of ES cells was transplanted into
the spleens. Group 3 mice (n = 6) were treated with
CCl4 and injected with 0.1 mL of saline into the spleen,
instead of ES cells. Histochemical analyses of the livers
were performed on post-transplantation d (PD) 10, 20,
and 30.
RESULTS: Considerable numbers of GFP-immunopositive
cells were found in the periportal regions in group 1 mice
(CCl4-treated) on PD 10, however, not in those untreated
with CCl4 (group 2). The GFP-positive cells were also
immunopositive for albumin (ALB), alpha-1 antitrypsin,
cytokeratin 18, and hepatocyte nuclear factor 4 alpha on
PD 20. Interestingly, most of the GFP-positive cells were
immunopositive for DLK, a hepatoblast marker, on PD 10.
Although very few ES-derived cells were demonstrated
immunohistologically in the livers of group 1 mice on
PD 30, improvements in liver fibrosis were observed.
Unexpectedly, liver tumor formation was not observed
in any of the mice that received ES cell transplantation
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during the experimental period.
CONCLUSION: Undifferentiated ES cells developed into
hepatocyte-like cells with appropriate integration into
tissue, without uncontrolled cell growth.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Embr yonic stem (ES) cells are self-renewing and
multipotent cells derived from the inner cell masses
of preimplantation blastocysts [1,2] , and have many
characteristics of an optimal cell source for cellreplacement therapy. Theoretically, ES cells are able to
be produced limitlessly, and various kinds of cell-types
have been generated in vitro and in vivo. Thus, ES cells are
considered to have potential to become an optimal cell
source for cell-replacement therapy.
We previously showed that mouse ES cells have an
ability to differentiate into hepatocyte-like cells in vitro
using an attached culture of embryoid bodies (EBs)[3] and
demonstrated that introduction of transcription factor
gene hepatocyte nuclear factor 3 beta, which plays an
important role in liver development, led to an efficient
induction of ES cells into hepatocyte-like cells [4,5]. The
in vitro capability of ES cells to differentiate into hepatocytelike cells has also been proven by other investigators[6-21].
In general, the methods used in those studies can be
divided into spontaneous and directed differentiation. For
spontaneous differentiation, the formation of embryoid
bodies (EBs) has been mostly utilized[6-11]. With directed
differentiation, different processes of enrichment of
a specific differentiated cell type that use elements to
promote the differentiation of ES cells into an endodermal
lineage, such as the addition of growth factors (GFs) and

Moriya K et al . Differentiation of ES cells into hepatocytes in CCl4-treated mice

hormones[12-20], and the constitutive expression of hepatic
transcription factors[21], have been utilized.
In contrast to a number of repor ts of hepatic
differentiation of ES cells in vitro, the behavior of
transplanted ES cells in the liver has not been reported,
except for the formation of teratomas[9,22]. According to the
results of a study that utilized intravenous transplantation
of a relatively large number of undifferentiated ES
cells (2 × 106/mouse)[9], tumor formation was observed
in the livers of all carbon tetrachloride (CCl 4)-treated
mice, but not in mice with nor mal livers. Although
the tumors formed in the livers contained ES-derived
mature hepatocytes, few cells seemed to have been
integrated into the ordinary structure of the residual
normal livers. Recently, bone marrow stem cells (BMSCs)
were demonstrated to differentiate into hepatocytes and
integrate into the liver after intravenous transplantation in
CCl4-treated mice, even without in vitro induction directed
toward an endoderm or hepatocyte lineage [23]. Those
results suggested that the livers in CCl4-mice provide a
microenvironment necessary for the lodging of BMSCs
or ES cells, and their subsequent differentiation into
hepatocytes.
In the present study, we investigated whether ES
cells are able to differentiate into hepatocytes in vivo.
For this purpose, we transplanted a reduced number
of undifferentiated ES cells (1 × 10 5/mouse) into the
spleens of CCl4-treated experimental and CCl4-untreated
control mice, expecting that tumors would develop in
the livers. We found that the native ES cells migrated to
the liver and developed into hepatocyte-like cells in CCl4treated mice, but not in the CCl4-untreated control mice.
Further, localization of migrated ES cells in the CCl 4mice livers was found in the periportal regions on posttransplantation day (PD) 10 and the cells were immunopositive for albumin (ALB), alpha-1 antitrypsin (α1AT),
and cytokeratin 18 (CK18) on PD 20. Hepatocyte nuclear
factor 4 alpha (HNF4 α ), an important transcription
factor for mature he patocytes, was also detected
immunohistochemically. Interestingly, most of the GFPpositive cells showed immuno-positivity to DLK, a
hepatoblast marker, on PD 10. Although there were very
few ES-derived cells demonstrated immunohistologically
in the livers on PD 30, improvements in liver fibrosis were
observed. Unexpectedly, formation of liver tumors was
not observed in any of the mice that received transplanted
cells during the experimental period.
Our results suggest that undifferentiated ES cells
can develop into hepatocyte-like cells with appropriate
integration into tissue without invariably leading to
uncontrolled cell growth. In the future era of cell growth
control, undifferentiated ES cells may be directly used
for therapeutic transplantation as well as terminally
differentiated derivatives.

MATERIALS AND METHODS
Murine ES cell line
We utilized G4-2 cells from a mouse ES cell line (129/SvJ
mouse ES cells, a kind gift from Dr. Hitoshi Niwa, RIKEN
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Center for Developmental Biology, Kobe, Japan). The
G4-2 cells were derived from EB3 ES cells[24,25] and carried
an enhanced green fluorescent protein (EGFP) gene under
the control of the CAG expression unit. EB3 ES cells are
a subline derived from E14tg2a ES cells[26] and carry the
blasticidin S-resistant selection marker gene driven by the
Oct-3/4 promoter (active under undifferentiated status).
For the present study, undifferentiated G4-2 cells were
maintained on gelatin-coated dishes without feeder cells in
Dulbecco's modified Eagle's medium (DMEM; Sigma; St.
Louis, MO) supplemented with 10% fetal bovine serum
(FBS; GIBCO/BRL; Grand Island, NY;), 0.1 mmol/L
2-mercaptoethanol (Sigma), 10 mmol/L nonessential
amino acids (GIBCO/BRL), 1 mmol/L sodium pyruvate
(Sigma), and 1400 U/mL of leukemia inhibitory factor
(LIF; GIBCO/BRL). For some of the experiments, G4-2
cells were cultured in medium containing 10 μg/mL of
blasticidin S to eliminate differentiated cells.
Preparation of graft cells
Culture dishes (9 cm in diameter), used to maintain the
undifferentiated ES colonies, were washed with 8 mL of
ice-cold phosphate-buffered saline (PBS, pH 7.4) 3 times
and then treated with 1.0 mL of 0.025% trypsin/PBS for
2 min at 37℃. Five milliliters of ES maintenance medium
containing 10% FBS was added to the culture dish to stop
trypsin activity. Single cell solutions were easily obtained
by repeated pipetting. Cells were washed with ice-cold PBS
3 times and finally prepared for transplantation in a PBS
solution at a cell concentration of 1 × 106/mL.
CCl4 treatment
To induce liver damage, CCl4 at 0.5 mL/kg of body weight
was injected into the peritoneum twice a week for 5 wk.
Grouping of experimental animals
Female C57BL/6 mice were purchased from Japan SLC
(Shizuoka, Japan) at 6 wk of age and used as experimental
animals. All procedures including the surgical steps were
performed in accordance with the Guidelines of Nara
Medical University for experiments involving animals
and recombinant DNA. The mice were divided into 3
groups. Group 1 (n = 12) received CCl4 treatment and
transplantation of graft cells. One day after the second
injection of CCl4, 1 × 105 GFP-positive undifferentiated
E S c e l l s ( 0 . 1 m L o f 1 × 1 0 6 / m L s o l u t i o n ) we r e
transplanted into the spleen. Briefly, a 1-cm incision
was made on the left flank and the spleen was extracted
through the incision. Then, 0.1 mL of the graft cell
solution (1 × 106 cells/mL) was slowly infused into the
inferior pole of the spleen using a 31-gauge needle and a
Hamilton syringe. Once the infusion was complete, the
syringe was left in place for 1 min. Group 2 mice (n = 12)
were injected in the same manner with 0.2 mL of saline
twice a week, instead of CCl4, and transplanted with the
same amount of ES cells into the spleen as Group 1.
Group 3 mice (n = 6) were treated with CCl4 and injected
with 0.1 ml of saline into the spleen in the same manner,
instead of ES cells. Grouping and an outline of the
experiments are shown in Figure 1.
www.wjgnet.com
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Tissue preparation
The livers were thoroughly perfused via the heart with 4%
paraformaldehyde to wash out contaminating blood cells.
For fixation, the perfused livers were incubated with 4%
paraformaldehyde overnight, then soaked in 30% sucrose
for 3 d. Tissues were frozen on dry ice and then sectioned
into 5-μm slices using a cryostat in preparation for dyeing.
Immunohistochemistry and double immunofluorescence
for GFP
Immunohistochemical analysis was perfor med in
accordance with previously reported methods[27]. Frozen
tissue sections were desiccated completely at room
temperature using a dryer, washed with phosphatebuffered saline (PBS) 3 times for 5 min each, and soaked
in PBS containing 5% bovine serum albumin (BSA) once
for 5 min. Sections were incubated overnight with antiGFP (1:1000, Molecular Prove Inc, OR, USA and Nacalai
Tesque Inc, Kyoto, Japan), anti-ALB (1:100, Biogenesis
Ltd, England, UK), anti-α1AT (1:100, Zymed Laboratories
Inc, CA, USA), anti-CK18 (1:100, Chemicon International
Inc, CA, USA), anti-CK19 (1:100, Abcam Ltd, Cambridge,
UK), anti-HNF4α (1:50, Santa Cruz Biotechnology Inc,
CA, USA), and anti-DLK [28] (1:100) antibodies. Tissue
sections were then washed with PBS 3 times for 5 min
each and incubated with biotin-conjugated anti-rat (antirabbit or anti-mouse) IgG (1:200, Vector Laboratories
Inc, CA, USA) secondary antibodies for 1 h at 37℃, then
washed 3 times for 5 min each with diluted water. Next, for
the purpose of intrinsic peroxidase elimination, the tissue
sections were immersed in 3% hydrogen peroxide (H2O2)
for 30 min, then washed 3 times for 5 min each with PBS.
The sections were incubated with Vectastain ABCR reagent
(Vector Laboratories Inc, CA, USA) for 2 h at 37℃, then
washed 3 times for 5 min with diluted water and treated
with 0.02 mol/L Tris-HCl buffer (pH 7.5) containing 4%
diaminobenzidine tetrahydrochloride (Vector Laboratories
Inc, CA, USA) in the presence of 0.0004% H2O2 for 2
min at room temperature. Stained sections were rinsed
with diluted water, and immersed in ethanol and xylene for
complete dehydration. Finally, the sections were enclosed
with Entellan-newR.
For fluorescent immunohistochemistry, tissue sections
were incubated with Alexa FluorR 488 and 546 goat antirat (anti-rabbit or anti-mouse) IgG (H + L) conjugate
(Molecular Prove Inc, OR, USA) secondary antibodies
for 1 h, then washed 3 times for 5 min each with PBS.
Sections were mounted on glass slides from an Anti-fade
Kit (Molecular Prove Inc, OR, USA). Positive cells in the
liver were observed using a Provis microscope (Olympus,
Tokyo) equipped with a charge coupled device (CCD)
camera. A total of 10 different areas in each liver section
were analyzed independently for each mouse.

RESULTS
Migration of ES cells into CCl4-treated mouse livers
GFP-immuno-positivity was examined in the liver
specimens 10 d after intrasplenic transplantation (PD
10 of 1 × 105 GFP-positive ES cells (groups 1 and 2) or
www.wjgnet.com
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Figure 1 Grouping of experimental animals. Female C57BL/6 mice were divided
into 3 groups. Intraperitoneal injection of CCl4 at 0.5 mL/kg body weight was
performed twice a week in group 1 mice (n = 12) and group 3 mice (n = 6), while
0.2 mL of saline was injected instead of CCl4 in group 2 mice (n = 12). One day
after the second intraperitoneal injection of CCl4 or saline, 1 x 105 GFP-positive
undifferentiated ES cells (0.1 mL of 1 x 106/mL solution) were transplanted into the
spleens in groups 1 and 2, whereas no cell transplantation was performed with
group 3.

intrasplenic injection of saline (group 3) (Figure 2). A
distinct distribution of immunoreactivity against GFP was
observed in the liver sections of group 1 mice, which were
treated with CCl4 and grafted with ES cells (Figure 2A).
Further, GFP-positive cells were present in the periportal
regions of the hepatic lobules. However, no GFP-positive
cells were detected in liver sections from group 2 mice (not
treated with CCl4, grafted with ES cells) (Figure 2B), or in
those from group 3 mice (treated with CCl4, not grafted
with ES cells) (Figure 2C).
GFP-immuno-positivity was also examined in the liver
specimens on PD 20 and 30 (Figure 3). Immunoreactivity
to GFP was detected in the liver sections from group
1 mice on PD 20 (Figure 3B), though the intensity was
weaker than that on PD 10. On PD 30, scant or no GFPimmuno-positivity was detected in group 1 mice (Figure
3C). We also counted the number of GFP-positive cells in
10 microscopic fields, focusing on the periportal area. The
average numbers of GFP-positive cells around the portal
vein on PD 10, 20, and 30 were 65 ± 18, 26 ± 15, and
4.0 ± 2.0 respectively, in each microscopic field at 400 ×
magnification (Figure 3D).
Expression of hepatocyte-related markers in GFP-positive
cells
Nearly all of the GFP-positive cells had disappeared from
the livers of the transplanted mice by PD 30, however,
considerable numbers of GFP-positive cells were present
in the hepatic lobules for a limited period in those in group
1. Next, we utilized immunohistochemistry to examine the
expressions of ALB, α1AT, and CK18 on PD 20 (Figure
4A). ALB immuno-positivity was observed homogeneously
throughout the hepatic lobules without discrimination
between the periportal regions and the other parts.
Immuno-positivity for α1AT and CK18 was also observed
throughout the lobules, though some cells located in the
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Figure 2 Migration of ES cells into CCl4-treated mouse livers.
GFP-immuno-positivity was examined in the liver specimens on
PD 10. A: Immunoreactivity against GFP was clearly observed in
the liver sections of Group 1 mice and GFP was predominantly
distributed in the portal regions; B, C: No GFP-positive cells were
detected in liver sections of group 2 (B) and group 3 mice (C).

B

C

A

D 100

No. of cells per field

C

B

50

0
PD 10

periportal area showed a higher level of intensity. Double
immunofluorescent studies on PD 20 demonstrated that
most of the GFP-immuno-positive cells expressed ALB,
α1AT, and CK18 (Figure 4B). Further, the expression of
HNF4α, a transcription factor necessary for complete
differentiation of hepatocytes in vivo[29], was confirmed in
GFP-immuno-positive cells (Figure 4C). In contrast to the
expression of hepatocyte-related markers on GFP-positive
cells, there were no CK19-positive ES-derived cells (Figure
4D).
Expression of hepatoblast marker on GFP-positive cells
N e x t , we u s e d a n a n t i b o d y a g a i n s t D L K f o r a n
immunohistochemical examination of the involvement
of recapitulating developmental processes. DLK is a
molecule identified as a possible hepatoblast marker and
known to be strongly expressed on hepatoblasts in mouse
embryonic livers until embryonic d 16.5, after which
it becomes downregulated and disappears by birth [28].
Immunoreactivity against DLK was clearly observed in

PD 20

PD 30

Figure 3 Disappearing
GFP-immuno-positivity.
GFP-immuno-positivity
on PD 10, 20, and 30
was examined using
liver specimens from
group 1 mice. A: GFPimmunoreactivity was
clearly observed in
the periportal regions
on PD 10; B: GFPimmunoreactivity was
still detected on PD 20,
though the intensity was
weaker than on PD 10.
Cells presenting GFPimmunoreactivity were
more inwardly distributed
in the hepatic lobules, as
compared to PD 10; C:
Scant or no GFP-immunopositivity was detected on
PD 30; D: The average
numbers of GFP-positive
cells around the portal
vein were determined after
examining 10 microscopic
fields in the periportal area
at 400 x magnification.

the periportal regions on PD 10 (Figure 5A, left), though
few DLK-immuno-positive cells were present in the
hepatic lobules on PD 20 (Figure 5A, right). A double
immunofluorescent study on PD 10 showed that the
DLK-immuno-positive cells were also GFP-immunopositive (Figure 5C).
Decreased fibrosis after ES transplantation
Liver fibrosis was histologically evaluated using picro-Sirius
red staining. Representative liver sections stained with
Sirius red are shown in Figure 6. The five-week treatment
with CCl4 induced liver fibrosis in group C mice, whereas
decreased fibrosis was observed in group 1, which received
ES cells (Figure 6B).
Tumor formation
All of the livers in the experimental animals were removed
and the lobes sliced into 2-mm widths, with specimens
from the middle lobes used for microscopic analysis.
No tumor formation was observed macroscopically or
www.wjgnet.com
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GFP

ALB
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CK18

MERGE
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HNF4α

D
GFP
HNF4α

GFP
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Figure 4 Expression of hepatocyte-related markers on GFP-positive cells. A: Prior to conducting immunofluorescent studies, the expression of GFP, ALB, α1AT, and
CK18 on PD 20 was examined using a conventional method; B, C: Double immunofluorescent studies on PD 20 demonstrated that most of the GFP-immuno-positive cells
expressed ALB, α1AT, and CK18; C: Expression of HNF4α was confirmed in the GFP-immuno-positive cells; D: There were no CK19-positive ES-derived cells.

microscopically in any of the livers. All of the spleens were
also examined macroscopically and microscopically, and no
tumors were found. Further, no tumor development in any
organs other than the liver and spleen was observed for up
to 30 d after transplantation.

DISCUSSION
In the present study, we demonstrated that ES cells
migrated to the liver and differentiated into hepatocyte-like
cells after intrasplenic transplantation. It is reasonable to
speculate that generation of a favorable microenvironment
is required in the recipient liver for undifferentiated
www.wjgnet.com

ES cells to differentiate into hepatocytes. We adopted
a method of repeated CCl 4 administration to induce
undifferentiated ES cells into hepatocyte-like cells. It has
been reported that BMSCs intravenously transplanted into
mice that received repeated CCl4 treatments migrated to
the liver and differentiated into hepatocytes[23], suggesting
that a favorable condition was generated in the CCl 4treated livers to trap exogenously administered BMSCs
and allow them differentiate into hepatocyte-like cells.
Although the mechanisms by which a CCl4-treated liver
favors hepatic differentiation of BMSCs remain to be
elucidated, we considered that CCl4 treatment provides
a suitable condition for ES cells to differentiate into
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Figure 5 Expression of hepatoblast
marker DLK on GFP-positive
cells. A: DLK-immuno-positivity
was examined on PD 10 (left) and
PD 20 (right). A number of cells
showed immunoreactivity against
DLK on PD 10, whereas there
were few on PD 20; B: Most of
GFP-immunopositive cells on PD
10 were positive for DLK.S.

B
GFP

A

DLK

MERGE

B

hepatocyte-like cells in a manner similar to that for
BMSCs. In addition to the differentiation of BMSCs into
hepatocyte-like cells in vivo, that of hematopoietic stem
cells (HSCs) into hepatocyte-like cells has been reported
using a coculture with hepatocytes from CCl 4-treated
livers[30]. Based on those reports, we transplanted ES cells
into CCl4-treated livers of mice with the expectation that
they would differentiate into hepatocyte-like cells.
We found that ES cells migrated into the livers of
the CCl 4-treated mice, whereas no such migration was
observed in CCl4-untreated mice. The migrated ES cells,
shown by GFP-immuno-positivity, were distributed in the
periportal regions on PD 10 and 20, and disappeared by
PD 30. GFP-immuno-positive ES-derived cells in the livers
on PD 20 were also immuno-positive for the hepatocyterelated markers ALB, α1AT, and CK18, suggesting their
successful differentiation into hepatocyte-like cells. Further,
the expression of HNF4α, an important transcription
factor for hepatocyte maturation, was also observed in the
ES-derived cells in our immunohistochemical examination.
These results suggest that a CCl 4-treated liver has the

Figure 6 Decreased fibrosis after
ES transplantation. Liver fibrosis
was histologically evaluated on PD
30 using picro-Sirius red staining.
Representative liver histology results
for group 3 (A) and group 1 (B) mice.
Decreased fibrosis was observed in
group 1 mice, as compared to those in
group 3.

ability to support homing and hepatic differentiation of
undifferentiated ES cells.
It is difficult to fully elucidate the mechanisms involved
with generation of ES-derived hepatocyte-like cells in the
liver. However, we considered that recapitulation of the
developmental process in the liver may have a role. In the
present study, we tested for immunopositive reactions
to DLK, which is a molecule that has been identified as
a possible hepatoblast marker and shown to be strongly
expressed on hepatoblasts in mouse embryonic livers until
embryonic d 16.5, after which it was downregulated and
disappeared by birth[28]. DLK-positive cells were detected
and found to have a similar distribution as GFP-positive
cells in the CCl 4-treated livers, as they were markedly
present in the periportal regions on PD 10 and few in
number on PD 20. Most of the GFP-positive cells were
also immuno-positive for DLK on PD 10. These results
strongly suggest that mechanisms similar to those related
to hepatocyte development are involved in generating ESderived hepatocyte-like cells. Apart from the involvement
of recapitulated liver development, it is known that oval
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cells are activated to proliferate following extensive and
chronic liver damage with inhibited proliferation of
hepatocytes[31,32]. Those cells are considered to represent
a type of hepatic stem cells derived from the canal of
Hering[33-35]. Although we did not examine for the presence
of oval cells in the present study, some GFP-positive
grafted cells may also express markers for those cells, as
shown in the case of BMC transplantation to CCl4-treated
mice.
B e c a u s e o f t h e r i s k o f t u m o r f o r m a t i o n , we
transplanted small numbers of undifferentiated ES cells
in the present study. Using a rat model of Parkinson’s
disease, it was initially reported that transplantation
of small numbers of mouse ES cells increases the
influence of the host tissue and allows for default
differentiation [36] . Therefore, we used 10 5 cells for
intrasplenic transplantation, which was 20-fold fewer than
the number of transplanted ES cells in a previous report[9],
in which teratoma formation in the liver was documented.
Nevertheless, we expected teratoma development, because
ES cells in an undifferentiated state were utilized as graft
cells. However, no tumors developed in the livers or
spleens in the mice that received transplants up to the end
of the 30-d experimental period. This observation might
be explained by the disappearance of GFP-immunopositive cells from the liver by PD 30. PCR analysis of
liver tissue specimens collected on PD 30 using a GFPspecific primer set failed to reveal PCR products (data
not shown), suggesting the absence of transplanted ES
cells or ES-derived cells in the liver. A previous study[23]
reported that transplanted BMSC cells were retained in
the liver under conditions of persistent CCl4 treatment.
We consider that one of the reasons for the elimination
of grafted ES cells seen in our study was because of the
allogeneic transplantation method utilized, as the grafted
ES cells were derived from 129SVJ mice and the donor
mice were C57BL6, even though 129SVJ and C57BL6 are
classified as the same haplotype, H-2b. It is conceivable
that an immunological barrier may eliminate non-selfgrafted cells, leading to the absence of ES-derived cells
and no occurrence of tumor formation.
Interestingly, a reduction of liver fibrosis was observed
on PD 30 in CCl4-treated mice that underwent ES-cell
transplantation, despite the absence of grafted cells in
the liver. It has been reported that transplantation of
BMSCs[37] and BM-derived mesenchymal stem cells[38] had
a protective effect against fibrosis in livers chronically
damaged by administration of CCl4. However, no results
of the effects of ES cells on hepatic fibrosis are known
to have been reported. Thus, there may be some common
mechanisms underlying the improvement of hepatic
fibrosis following the transplantation of cells with stem
cell characteristics, as has been reported in the case of
BMSCs.
Recently, it was reported that mouse undifferentiated
ES cells fused with mouse bone marrow cells and neural
stem cells in vitro[39,40]. Further, hybrid hepatocytes were
produced by cell fusion between embryoid body-derived
cynomolgus monkey ES cells and hepatocytes from uPA/
SCID mice[41]. In the present study, we did not investigate
www.wjgnet.com
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whether generation of GFP-immuno-positive hepatocytelike cells in the liver was due simply to the differentiation
of the transplanted ES cells, or to cell fusion between
ES cells and hepatocytes. In the near future, we intend to
perform FISH analyses using a set of mouse chromosome
X- and Y-specific probes.
In conclusion, we found that undifferentiated ES cells
grafted into the spleen migrated to the liver and developed
into hepatocyte-like cells without apparent tumor
formation in CCl4-treated mice. Although a prolonged
presence of grafted cells in the liver was not observed, a
beneficial effect of inhibiting fibrosis was obtained by the
present single transplantation method. In the coming era
of control of cell growth, undifferentiated ES cells may
be directly used for therapeutic transplantation as well as
terminally differentiated derivatives.
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the promotion of gastric mucosal proliferation.
CONCLUSION: Stimulating PVN significantly inhibits the
gastric mucosal cellular apoptosis and promots gastric
mucosal cellular proliferation. This may explain the
protective mechanisms of electrical stimulation of PVN
against GI/R injury.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: to investigate the effects of electrical stimulation
of hypothalamic paraventricular nuclei (PVN) on gastric
mucosal cellular apoptosis and proliferation induced by
gastric ischemia/reperfusion (I/R) injury.
METHODS: For different experimental purposes,
stimulating electrode plantation or electrolytic destruction
of the PVN was applied, then the animals’ GI/R injury
model was established by clamping the celiac artery
for 30 min and allowing reperfusing the artery for 30
min, 1 h, 3 h or 6 h respectively. Then histological,
immunohistochemistry methods were used to assess
the gastric mucosal damage index, the gastric mucosal
cellular apoptosis and proliferation at different times.
RESULTS: The electrical stimulation of PVN significantly
attenuated the GI/R injury at 30 min, 1 h and 3 h after
reperfusion. The electrical stimulation of PVN decreased
gastric mucosal apoptosis and increased gastric mucosal
proliferation. The electrolytic destruction of the PVN
could eliminate the protective effects of electrical
stimulation of PVN on GI/R injury. These results indicated
that the PVN participated in the regulation of GI/R
injury as a specific area in the brain, exerting protective
effects against the GI/R injury, and the protection was
associated with the inhibition of cellular apoptosis and
www.wjgnet.com

INTRODUCTION
Since the 1980s, ischemia-reperfusion (I/R) injury of
organs has been frequently encountered as a complex
phenomenon in medicine and biology. Researches have
been focused on I/R injury of organs such as the heart,
brain, lungs, and the kidneys. In recent years, there has
been an increase in the available information concerning
the acute gastric mucosal injury induced by I/R, or gastric
I/R injury[1-4]. The investigative key points have focused on
the effects of individual factors on gastric mucosal injury
induced by gastric I/R, including increase of oxygen free
radicals and endothelin level, microvascular dysfunction,
polymorphonuclear leukocyte infiltration, nitric oxide
release, gastric acid secretion, prostaglandin decrease
and so on[5-15]. Some researchers have quested the best
methods to protect the gastric mucosa against gastric I/R
injury, such as the endothelin converting enzyme inhibitor
phosphoramidon[16], the anti-reactive oxygen species drug,
tetrahydrabioptin[9] and the adhesion molecules of antileukocytes[17]. However, little is known about the systemic
regulation of gastric I/R injury, particularly the role of
related central nuclei.
It has been known that the gastric mucosal tissue
integrity depends upon the interplay between cell renewal
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and death of damaged or aged cells. The gastric mucosa
has a high renewal rate, and all gastric mucosal surface
epithelial cells are replaced within 3-5 d as the exfoliated
surface mucosal cells are replaced by cells migrating from
the glandular foveolar and neck area[18]. The mucosa is
maintained by the balance between proliferation and
apoptosis of gastric mucosal cells. To study the imbalance
between proliferation and apoptosis is of great significance
in understanding the causes of gastric lesions.
Recently, literature reviews revealed that I/R could
induce tissue injury and cellular apoptosis in many
important organs[19-25]. Apoptosis of gastric mucosal cells
has also been studied under varied conditions in rats,
including ethanol, non-steroidal anti-inflammatory drugs,
retinoic acids, H pylori infection [26-30]. Some reports of
gastric mucosal cellular apoptosis induced by gastric I/R
are contradictory. Fukuyama et al[31], for example, reported
that apoptosis is not induced in the gastric mucosa after
gastric I/R. Wada et al [32] demonstrated that gastric I/
R induces significant apoptosis in the gastric mucosa.
However, the central regulation of gastric mucosal cellular
apoptosis and proliferation induced by gastric I/R in rats
has not yet been fully elucidated.
In his early study[33], Salim pointed out that hypothalamus,
especially the paraventricular nuclei (PVN), is extraordinarily
complex in its structure and function. It participates in the
regulation of various activities of the stomach, including
secretion, electrical activation and gastric motor. Our
previous study [34] showed that PVN and its associated
nuclei could regulate the development of restraint and
cold-water immersion stress-induced ulcer in stomach
and that PVN is involved in the regulation of gastric I/R
injury as one of the specific CNS areas attenuating gastric
I/R injury[35]. The cellular mechanisms responsible for the
attenuation of GI/R injury by electrical stimulation of
PVN are still unknown.
The aim of our study is to investigate the molecular
mechanisms of stimulating PVN in protecting against
gastric I/R injury, to observe the characteristics of gastric
mucosal cellular apoptosis and proliferation induced by
gastric I/R at various times. It is believed that any progress
in this field will help better understand the pathology of
gastric I/R injury at cellular level.

MATERIALS AND METHODS
Reagents
M30 CytoDEATH monoclonal antibody was obtained
from Roche (Basel, Switzerland). Mouse anti-rat
proliferative nucleolus monoclonal antibody (proliferative
cell nuclear antigen, PCNA), PowerVision TM twostep immunohistochemistr y detection kit, and 3.3′
-diaminobenzidine (DAB; Maixin-Bio Co., China) substrate
solution were obtained from Zhongshan Biotech Co.
(Beijing, China).
Animals
Groups of six adult male Sprague-Dawley rats, weighing
180-220g,were supplied by the Experimental Animal
Center of Xuzhou Medical College (usage certificate of
experimental animals, No: SYXK (su) 2002-0038). All
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experiments were carried out in accordance with the
National Institute of Health Guide for the Care and Use
of Laboratory Animals. The animals were housed under
controlled temperature (22-24℃) and photoperiod (12
h light: 12 h dark) in wire-mesh-floor cages to prevent
ingestion of hair and feces. The animals were fasted for
24 h before the experiment with free access to tap water.
The animals were allocated to different groups to serve
as gastric I/R injury models for different purposes in the
experiments.
Electrical stimulation of PVN
T hree days before the experiment, the rats were
anesthetized with sodium pentobarbital (40 mg/kg i.p.)
and mounted onto a stereotaxic apparatus. The scalp was
incised, and a 0.5 mm hole was drilled in the cranium
dorsal to the target site. The coordinates of PVN for the
placement of electrodes were taken from the atlas of
Paxinos and Watson[36] as follows: AP 1.5 mm, LR 0.4 mm,
H 7.7-7.8 mm, and the incisor bar was positioned 3.3 mm
below the center of the aural bars.
The concentric bipolar stimulating electrode is
consisted of an insulated outer barrel formed from the
needle of a medical syringe (0.4 mm in diameter) and
an inner Ni-Cr wire, insulated except for the tip, which
protrudes about 0.2 mm from the barrel. The stimulating
electrode was inserted into PVN and fixed to the cranium
with dental cement.
During the experiment, the rat was also anesthetized
with sodium pentobarbital (40 mg/kg i.p.). PVN was
stimulated before the induction of gastric I/R injury.
The electrical stimulating parameters have been described
previously [35]. Stimulation was performed 5 times with
uniphasic, constant current square wave pulses (pulse
width 0.2 ms, intensity 0.4 mA, frequency 50 Hz, duration
1 min), at 5 min intervals. In the sham PVN stimulation
group, only the electrode was inserted, and no current was
passed.
Electrical destruction of PVN
Three days before the experiment, the rat was anesthetized
with sodium pentobarbital (40 mg/kg i.p.) and mounted
onto a stereotaxic apparatus. The coordinates of PVN
for the placement of destructing electrodes was similar
to that of the stimulating electrodes. The destructing
electrodes was in bilateral PVN. The destructing electrode
were placed a single stainless steel wire, 0.3 mm in
diameter, with a naked tip about 0.3 mm, and void of
insulation. Bilateral lesions were then made by passing a
positive DC of 1 mA for 10 s. The lesion electrode was
immediately removed after destruction. Sham operations
were performed with the same surgical procedures, and no
current was passed.
Preparation of gastric I/R model
The animal, were kept fasting for 24 h with free access to
water before experiment. All experiments were carried out
under anesthesia with sodium pentobarbital (40 mg/kg
i.p.), the supplemental dose of the anesthetic was given i.p.
to maintain animal anesthesia throughout the experiment.
GastricI/R injury was induced according to the method of
www.wjgnet.com
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Wada et al[37]. Briefly, the abdominal cavity was cut open,
and the celiac artery and its adjacent tissues were carefully
isolated. The celiac artery was first clamped with a small
vascular clamp for 30 min to induce ischemia, and was
then released to allow reperfusion for 30 min, 1 h, 3 h or 6
h respectively. Sham-operated animals underwent all of the
surgical procedures except for the arterial clamping. At the
end of each experiment, the rats with gastric I/R injury or
sham-operated groups were killed by exsanguination via
the abdominal aorta under anesthesia[38], while the rats with
embedded electrode in PVN were killed by decapitation
under deep anesthesia. The stomach was removed rapidly,
opened along the great curvature, rinsed with ice-cold
phosphate buffered saline (PBS, 0.1 mol/L), and spread
onto a cold plate. The gastric mucosa was carefully
examined grossly and microscopically.
Assessment of gastric mucosal injury index
Quantitative histological assessment of mucosal injury
was perfor med with the method described by Guth
et al[39] with slight modifications. The index is based on
a cumulative-length scale. In which an individual lesion
limited within the mucosal epithelium (including the
pinpoint erosions, ulcers and hemorrhagic spots) is scored
by giving points for its length. The score is 1 for a lesion
≤ 1 mm, 2 for a lesion > 1 mm and ≤ 2 mm, for a lesion
> 2 mm ≤ 3 mm, and so on. For a lesion with a width >
1 mm, the lesion score is doubled. The sum of the scores
represents the GMDI. To avoid the researcher's bias, the
GMDI was determined by a researcher who was unfamiliar
with the details of the experiment.
Immunohistochemical staining
I m mu n o h i s t o ch e m i s t r y wa s p e r f o r m e d w i t h t h e
streptavidin-peroxidase (SP) method [40]. The primary
antibodies used were polyclonal antibody ag ainst
proliferating cell nuclear antigen (PCNA), monoclonal
antibody against M30 CytoDEATH. The gastric tissue
samples were fixed in Bouin’s fixative for paraffin tissue
slices. Five- μ m thick sections were, deparaffinized,
rehydrated, and boiled. The dewaxed sections were heated
in a microwave oven (700 W) for 12 min to retrieve
the antigens, and cooled to room temperature. The
endogenous peroxide was blocked with 3% hydrogen
peroxide (H2O2) for 15 min in methanol. The sections
were washed with PBS (0.01 mol/L), blocked with 10%
goat serum for 15 min to reduce the non-specific antibody
binding, and then incubated with the primary antibody
(M30CytoDEATh 1:10, PCNA 1:50) at 4℃ overnight.
The sections were washed twice for 5 min with PBS,
incubated with the secondary anti-mouse immunoglobulin
(Santa Cruz Inc., USA) conjugated with biotin at room
temperature for 30 min, washed again with PBS (0.01
mol/L), and incubated with SP complex for l5 min.
The reaction products of peroxidase were visualized by
incubation with 0.05 mol/L Tris-HCl buffer (pH 7.6)
containing 20 mg 3.3’-diaminobenzidine (DAB, MaixinBio Co. China) and 100 μL 5% H2O2 per 100 mL. The
brown color signifying the presence of the antigen bound
to the antibodies was detected by light microscopy.
Finally, the sections were counterstained for nuclei with
www.wjgnet.com
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hematoxylin. The sections obtained from the control
group were stained according to the same method except
that PBS was substituted for the specific primary antibody.
M30 CytoDEATH staining was quantified by calculating
the average ratio of positive cells in 10 vision fields under
a 400 × microscope. PCNA staining was quantified by
calculating the average ratio of positive cells in 10 vision
fields under a 100 × microscope.
Histological verification of stimulated or destructed PVN
sites
At the end of each experiment, the PVN site was marked
by passing a positive direct current of 1 mA for 10 s. The
experimental rats were killed by decapitation under deep
anesthesia, and the brains were removed and fixed in 10%
formalin for 7 d. Frozen coronal serial sections (45 μm)
were cut through the hypothalamus and mounted and
stained with 1% neutral red to verify the sites of electrical
stimulation under a light microscope. The data from rats
whose target sites failed to meet the histological criteria
were deleted from the statistical analysis.
Statistical analysis
All results are expressed as mean ± SE. Data were
compared by an analysis of variance (ANOVA) followed
by Student-Newman-keuls (SNK) test. All calculations
were performed with SPSS 10.0 for Windows, P < 0.05
was considered statistically significant.

RESULTS
Histological verification of stimulated PVN sites
By referring to Paxinos and Watson’s Stereotaxic Atlas[36],
histological verification was performed at all sites of
electrical stimulation (Figure 1)
Effects of electrical stimulation and electrolytic destruction
of PVN on gastric I/R injury in rats
Our previous experiments confirmed that the GMDI
of the gastric I/R injury only group is similar to that of
sham electrically stimulated PVN plus gastric I/R injury
group (sham PVN + gastric I/R injury) at the different
time points during reperfusion. Thus, we compared the
differences between GI/R only and PVN + gastric I/R
injury groups in subsequent experiments.
As shown in Figure 2, gastric mucosal injury was not
found (the GMDI being zero) in the sham-operated group.
The stimulated PVN + normal stomach group or the
destructed PVN + normal stomach group was similar to
that of normal rat group. In the gastric I/R injury group,
the GMDI was 94.67 ± 25.57 at 1 h after reperfusion. The
GMDI was significantly lower in the electrical stimulation
of PVN + gastric I/R injury group than in the gastric I/R
injury only group at 1 h after reperfusion (94.67 ± 25.57 vs
54.83 ± 12.64, P < 0.05). The GMDI was not significantly
different in the bilateral PVN destruction + gastric I/R
injury group compared with that in the gastric I/R injury
injury only group or sham stimulating PVN plus gastric
I/R injury group (106.94 ± 20.91 vs 94.67 ± 25.57, P >
0.05), but was markedly higher than that gastric I/R injury
the electrical stimulation of PVN + GI/R group (106.94
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Figure 2 Effect of electrical stimulation and bilateral electrolytic destruction of
PVN on gastric mucosal damage induced by I/R at 1 h after reperfusion in rats.
Intact: normal rat; sham: sham-operation (electrode was inserted, with no current
passing and no artery clamped); ES + N: intact stomach after electrical stimulation
of the PVN. EL + N: intact stomach after bilateral electrolytic destruction of the
PVN; GI/R injury: gastric ischemia-reperfusion injury; Sham+GI/R injury: sham
electrical stimulation of the PVN plus GI/R injury; ES: electrical stimulation of the
PVN plus GI/R injury; EL: bilateral electrolytic destruction of the PVN plus GI/R
injury. Values of GMDI are mean ± SE (n = 6). bP < 0.01 vs intact, dP < 0.01 ES vs
ES + N, fP < 0.01 EL vs EL + N, aP < 0.05, ES vs GI-R, cP < 0.05, EL vs ES.

± 20.91 vs 54.83 ± 12.64, P < 0.05).
As shown in Figure 3, in the gastric I/R injur y
group, the gastric mucosal lesions appeared 30 min after
reperfusion, the GMDI reached maximum at 1h after
reperfusion (94.67 ± 25.57), but then declined. In the
group of PVN + gastric I/R, the GMDI was significantly
lower than that the gastric I/R group at 30 min, 1 h and
3 h after reperfusion (P < 0.01). At 6 h after reperfusion,
there was no significant difference (P > 0.05) between the
GI/R group and the stimulating PVN + gastric I/R group.
Effect of electrical simulation of PVN on apoptosis of
gastric mucosal cells induced by GI/R in rats
As shown in Figure 4, the M30 CytoDEATH positive
apoptotic cells (i.e. apoptotic cells) were distributed
predominantly in the upper part of the gastric glands and
epithelial cells, where the cytoplasm was stained brown.
In the normal gastric mucosa (Figure 4A and B), the few
apoptotic cells were apparent. In the GI/R injury group,
the percentage of apoptotic cells increased rapidly at the
onset of reperfusion, and peaked at 1 h after reperfusion
(6.32 times higher than that in the normal gastric mucosa,
P < 0.01) (Figure 4C). Electrical stimulation of PVN
markedly decreased the percentage of M30 CytoDEATH
positive cells at 1 h after reperfusion (Figure 4 D), which
declined to the basal level at 6 h after reperfusion (Figure

Gastric mucosal damage index

125

Figure 1 Sites of the stimulating electrode tip in PVN. A: Standard atlas sections
of the rat brain showing the distributions of stimulating sites of the experimental
animals; B: Photomicrographs of stimulating sites in the rat brain. The section
stained with neutral red, showing the position of stimulating electrode tip by
passing a positive DC of 1 mA for 10 s, which indicates a placement within the
PVN.
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Figure 3 Effect of electrical stimulation of PVN on gastric mucosal damage
induced by I/R at different times in rats. Sham: sham-operation(electrode was
inserted, with no current passing and no artery clamped); GI/R: gastric ischemia/
reperfusion was maintained for 30 min, 1 h, 3 h and 6 h after 30 min of ischemia,
respectively; PVN + GI/R: electrical stimulation of the PVN plus GI/R. Values: Each
column represents mean ± SE (n = 6). bP < 0.01 vs sham; aP < 0.05, dP < 0.01,
PVN + GI/R vs GI/R at different times.

4E and F). Figure 4G indicates the negative control
group.
As shown in Figure 5, the electrical stimulation of
PVN significantly decreased the percentage of M30
CytoDEATH positive cells throughout the 6 h reperfusion
(P < 0.05 or P < 0.01).
Effect of electrical stimulation of PVN on proliferation of
gastric mucosal cells induced by GI/R in rats
As shown in Figure 6, the proliferating-positive cells
were found in the normal gastric mucosa, which were
distributed predominantly in the glandular neck area of
the gastric mucosa (Figure 6 A and B). The percentage of
proliferating cells decreased rapidly at 1 h after reperfusion
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Figure 4 Histological exhibition of electrical stimulation of PVN on gastric
mucosal apoptosis induced by I/R at different times in rats. The apoptotic-positive
cells were probed with anti-M30 CytoDEATH antibody and counter-stained with
hematoxylin in rat gastric mucosa (× 400). A: normal gastric mucosa; B: sham
operation; C: GI/R at 1 h after reperfusion; D: PVN + GI/R at 1 h after reperfusion;
E: GI/R at 6 h after reperfusion; F: PVN+GI/R at 6 h after reperfusion; G: negative
control group.
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Figure 6 Histological exhibition of electrical stimulation of PVN on gastric mucosal
cellular proliferation induced by I/R at different times in rats. Proliferating-positive
cells were probed with anti-mouse anti-proliferating cell nuclear antigen (PCNA)
antibody and counter stained with hematoxylin in gastric mucosa (× 100). A:
normal control gastric mucosa; B: gastric mucosa after sham operation; C: GI/R,
1 h after reperfusion; D: PVN + GI/R, 1 h after reperfusion; E: GI/R, 6 h after
reperfusion; F: PVN + GI-R, 6 h after reperfusion; G: negative control group.
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Figure 5 Effect of electrical stimulation of PVN on gastric mucosal cellular
apoptosis induced by I/R at different time points in rats. Sham: sham-operation;
GI/R: reperfusion was maintained for 30 min, 1 h, 3 h and 6 h after 30 min of
ischemia, respectively; PVN + GI/R: electrical stimulation of PVN plus GI/R. The
percentage of apoptotic cells was taken by counting the cells in 10 microscopic
fields (× 400). Each column represents mean ± SE (n = 6). aP < 0.05, bP < 0.01,
GI/R vs sham-operation; cP < 0.05, dP < 0.01, PVN + GI/R vs GI/R at each time
point.

(Figure 6C). The percentage of proliferating positive cells
were significantly higher in the stimulating PVN + gastric
I/R injury group than in the gastric I/R injury group (Figure
6D). The proliferating-positive cells accumulated in both
the gastric I/R injury only group and the stimulating PVN
+ gastric I/R injury group at 6 h after reperfusion, and the
crowding was not significantly different at this time (Figure
6E and F). Figure 6G negative control group.
Figure 7 also showes that the electrical stimulation
of PVN significantly increased the percentage of
proliferating-positive cells at 30 min (1.47 times), 1 h (1.89
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Figure 7 Effect of electrical stimulation of PVN on gastric mucosal proliferation
induced by I/R at different times in rats. Sham: sham-operation; GI/R: reperfusion
was maintained for 30 min, 1 h, 3 h and 6 h after 30 min of ischemia, respectively;
PVN+GI/R: electrical stimulation of PVN plus GI/R. The percentage of
proliferating cells was taken by using cell count in 10 microscopic fields (× 100).
Each column represents an average value expressed in mean ± SE (n = 6).
b
P < 0.01, GI/R vs sham operation; aP < 0.05 and dP < 0.01, PVN + GI/R vs
GI/R.

times) and 3 h (1.43 times) after reperfusion compared
with the respective values in the gastric I/R injury group.

DISCUSSION
In our present study, the gross gastric mucosa damage
index was determined to evaluate the extent of gastric
I/R injury. Immunohistochemistry was also used to
assess the processes of gastric mucosal cellular apoptosis
and proliferation in gastric I/R injury by detecting the
apoptotic cells with the M30 CytoDEATH monoclonal
antibody (which binds to a caspase-cleaved formalin-
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resistant epitope of the cytokeratin 18 cytoskeletal protein
in the cytoplasm of apoptotic cells) and by labelling the
proliferating cells with multi-clonal antibodies to PCNA
(an assistant factor of DNA polymerase)[41,42]. We assessed
these variables at different times from 30 min to 6 h after
reperfusion. We reasoned that our histological analysis
the process would help us better understand the cellular
mechanisms responsible for the reperfusion injury.
In our analysis of the GMDI data, which was obtained
with gastric I/R injury model of anesthetized (sodium
pentobarbital, 40 mg. kg-1i.p.) rats, it was noticed that the
gastric mucosal damage was localized within the mucosal
epithelium, the lesions started to occur at 30 min after
reperfusion, reached their peak at 1 h and then subsided.
We dynamically observed the changes of apoptosis and
proliferation of gastric mucosal cells at different times from
30 min to 6 h after gastric I/R injury, Histological study of
the normal gastric mucosa revealed a few apoptotic cells
in the superficial layer of gastric mucosa and proliferating
cells only in the gastric glandular neck area. These patterns
contrast with previous reports [43,44], supporting the notion
that cell renewal and apoptosis are two essential processes
maintaining the homeostasis of normal gastric mucosa.
The pattern of simultaneous change in gastric mucosal
cellular apoptosis during reperfusion is similar to that of
gastric I/R injury; i.e., the level of apoptosis also reached
its peak at 1 h after reperfusion when the gastric mucosal
injury was most serious, and then declined. In contrast,
the level of gastric mucosal cellular proliferation induced
by ischemia/reperfusion also reached its minimum at 1
h after reperfusion, but the level of proliferation reached
its maximum at 6 h after reperfusion, indicating that the
proliferating process of gastric mucosal cells is slower
than the apoptosis process. It is widely accepted that the
gastric mucosal integrity depends on the balance between
apoptosis and proliferation, which explains the equilibrium
between cell renewal and death of damaged or aged cells,
and that ischemia/reperfusion may induce mucosal injury
by altering this balance.
In our present study, techniques of electrical
stimulation and electrolytic destruction were adopted
and the role of electrical stimulation of PVN in gastric
mucosal injury, cellular apoptosis, and proliferation
induced by gastric I/R injury were observed. It was found
that PVN stimulation protected against gastric I/R injury.
In the electrical stimulation of PVN plus gastric I/R
group, the GMDI was significantly lower than that in the
gastric I/R injury only group at 30 min, 1 h and 3 h after
reperfusion. After bilateral PVN destruction, the GMDI
was not significantly different from that in the gastric
I/R only group, but it was significantly higher than that
in electrical stimulation of PVN plus gastric I/R group
(P < 0.05). Furthermore, our results also revealed that
the electrical stimulation of PVN markedly decreased
the expression of apoptotic-positive cells, and increased
the expression of proliferating positive cells at 0.5, 1, 3 h
after reperfusion, respectively. These results indicate that
PVN participates in the regulation of gastric mucosal
cellular apoptosis and proliferation after gastric I/R in
rats. Inhibiting gastric mucosal cellular apoptosis and
promoting gastric mucosal cellular proliferation might
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mediate the dramatic protective effect of PVN on gastric
mucosal injury. Our data also support the notion that PVN
is a specific center in the brain that maintains the integrity
of gastric mucosa and modifies the equilibrium between
gastric mucosal apoptosis and proliferation.
Our previous experimental results have testified that
the protective effect against gastric I/R injury is related
to the excitation of PVN neurons. We focused on the
microinjection of L-glutamic acid (a neuronal stimulant)
into PVN, and found that the chemical stimulation
produces a similar effect to that of 0.4 mA electrical
stimulation of PVN [35], and the histological evidence
from present study illustrates that the destroyed locus is
only restricted within PVN. These results imply that the
protection against gastric I/R injury resulted from the
excitation of PVN neurons rather than from the excitation
of nerve fibers passing PVN or spreading the stimulating
current. Therefore, PVN is closely related to the gastric
mucosal cellular apoptosis and proliferation induced by
gastric I/R, suggesting that PVN is one of the specific
brain areas in regulating the gastric I/R injury.
The research on the neuro-endocrine mechanism
of the protection of stimulating PVN on gastric I/R
injury has been limited except for our previous reports.
Our previous study indicates that PVN stimulation,
electrical or chemical, activates its neurons to affect the
activity of nucleus tractus solitarius (NTS)-dorsal vagal
complex (DVC) through its descending fibers and then
accomplish the protection against gastric I/R injury
by the mediating vagus and sympathetic nerves[45]. Our
another study also discovered that electrical stimulation of
PVN significantly increases the stress gastric ulceration,
while electrolytic lesion of PVN decreases it. PVN is an
important brain site in regulating the development of
stress-induced gastric ulcers, and is involved in classical
neurotransmitters of ACh, NE and 5-HT, with the
parasympathetic, sympathetic nervous systems and the
three endocrine glands (thyroid, adrenal and gonad)
taking part in the effect[34]. Nevertheless, when compared
with our previous study on stress-induced gastric ulcer,
in our present study the stimulating PVN attenuated
gastric mucosal damage induced by gastric I/R, instead
of aggravating it, as mentioned above, the contradictory
results cannot be satisfactorily explained. It might be wise
to regard the PVN as an extremely complicated regulatory
mechanism integrating various stress information. Hence
the mechanism of the protective effect of PVN against
gastric I/R injury may not be a simple one. Recently,
Tarnawski reviewed cellular and molecular mechanisms
of gastrointestinal ulcer healing, and pointed out that
the healing processes are controlled by many cytokines,
growth factors (EGF, PDGF, KGF, HGF, TGFβ, VEGF,
angiopoietins) and transcription factors activated by
tissue injury in spatially and temporally coordinated
manners[46]. It will be of interest to further examine this
hypothesis in our experimental system.
In future, our further investigation will involve
g athering more infor mation and understand the
mechanisms of PVN protecting against gastric reperfusion
injury. At present, some efforts are being made in our
laboratory to assess the effect of molecular mechanisms
www.wjgnet.com

880

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

and signaling pathways of the protective effect of PVN.

COMMENTS
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Background

Little is known about the systemic regulation of gastric I/R injury, particularly the
role of related central nuclei. The present study found that the paraventricular
nuclei (PVN) exerts protective effects against gastric I/R injury as a specific area in
the brain, and the protection is associated with the inhibition of cellular apoptosis
and promotion of gastric mucosal proliferation.

9

10

Research frontiers

The present study discussed the cellular mechanisms responsible for the gastric
I/R injury and the possible cellular mechanisms of the attenuation of gastric I/R
injury by electrical stimulation of PVN.

Innovations and breakthroughs

Our previous study showed that PVN is involved in the regulation of gastric I/R
injury as one of the specific CNS areas attenuating gastric I/R injury. The cellular
mechanisms responsible for the attenuation of gastric I/R injury by electrical
stimulation of PVN are still unknown. It was the first time in this study to investigate
the molecular mechanisms of stimulating PVN in protecting against gastric I/R
injury, to observe the characteristics of gastric mucosal cellular apoptosis and
proliferation induced by gastric I/R at various times.
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Applications

The present study would help better understand the pathology of gastric I/R injury
at cellular level and the regulation role of PVN in gastric function.
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Terminology

M30 CytoDEATH is a caspase-cleaved formalin-resistant epitope of cytokeratin 18
cytoskeletal protein in the cytoplasm of apoptotic cells. PCNA is a proliferating cell
nuclear antigen as an assistant factor of DNA polymerase.
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Peer review

This is an interesting manuscript that links central neural mechanisms with
protection of gastric mucosa following gastric I/R injury and found that stimulating
PVN significantly inhibits gastric mucosal cellular apoptosis and promots gastric
mucosal cellular proliferation, which is probably one of the protective mechanisms
of electrical stimulation of PVN against gastric I/R injury. It was suggested that
more methods should be performed to clarify the change patterns of gastric
mucosal cellular apoptosis and proliferation.
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Abstract
AIM: To investigate dynamic changes and significance
of expression of NF-κBp65 in pancreatic tissues of rats
with severe acute pancreatitis (SAP), as well as BN52021
effects.
METHODS: Wistar male rats were randomly divided into
negative control group (NC group, n = 60), SAP-model
group (SAP group, n = 60), and BN52021-treated group
(BN group, n = 60), and each of the above groups was
respectively divided into 6 subgroups at different time
points after operation (1 h, 2 h, 3 h, 6 h, 12 h, and 24 h)
(n = 10). By RT-PCR and Western blot, NF-κBp65 mRNA
and its protein expression in pancreatic tissues of rats
were detected respectively.
R E S U LT S : T h e e x p r e s s i o n o f N F - κ B p 6 5 m R N A
dynamically changed in both SAP groups and BN
groups. The mRNA level was higher in SAP groups
than NC groups at 2 h, 3 h, 12 h, and 24 h after
operation (P < 0.05), higher in BN groups than NC
groups at all time points (P < 0.05), and higher in BN
groups than SAP group at 1 h (P < 0.05). The NF-κBp65
protein level was higher in SAP groups than NC groups
at 1 h, 3 h, and 6 h (P < 0.01), and 2 h, 12 h, and 24
h (P < 0.05), higher in BN groups than NC groups at all
time points (P < 0.05), and lower in BN groups than SAP
groups at 1 h, 3 h, and 6 h (P < 0.05).
CONCLUSION: T h e e x p r e s s i o n o f N F - κB p 6 5 i n
pancreatic tissues is dynamically changed and the
changes play an important role in pathogenesis of SAP.
BN52021 exerts therapeutic effects through reducing the
expression level of NF-κBp65 protein in the early stage
of SAP.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Up to now, the precise pathogenesis of Severe acute
pancreatitis (SAP) with a high mortality has not been
completely elucidated although the theories of selfdigestion, leukocyte over-activation, microcirculatory
disorder, bacterial shifting and secondary infection,
i.e. the second attack, immune functional change, cell
apoptosis and oxygen free radicals etc. have explained the
pathogenesis of SAP from different angles[1,2].
NF-κBp65 is a type of protein that can bind many
kinds of cytokines and adhesion molecules at the κ B
site of their gene promoters to enhance transcription
of the genes. It plays an important role in cellular signal
transduction in different theories of SAP pathogenesis[3].
For example, the activation of NF-κBp65 is the decisive
factor in many pathological states and it especially
has a close relationship with the occur rence and
pathophysiological process of severe infections[4]. In SAP
pathogenesis, the clinical course of SAP is dependent on
the over-activated inflammatory cells and inflammatory
factors expressed, in which platelet activating factor
(PAF) is a crucial transmitter for systematic inflammatory
reaction of SAP. PAF was found to have the ability to
activate NF-κB in 1994[5], and the studies since then have
shown that PAF receptor (PAF-R) is a target gene of
NF-κB[6]. All these findings have attracted researchers to
further study the relationship between PAF and NF-κB.
BN52021 (ginkgolide B) is a specific antagonist to
PAF-R. In recent years, studies at home and abroad have
showed that it has significant physiological activities, such
as platelet aggregration inhibition, anti-inflammation, and
anti-shock, etc. BN52021 has significant effects in treatment
of animals with SAP[7,8]. But the exact pathogenesis of
BN52021 on SAP is unknown. This study was aimed at
dynamically investigating the changes and significance of
the expression of NF-κBp65 mRNA and its protein in
pancreatic tissues and effects of BN52021 in rats with SAP.
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MATERIALS AND METHODS
Main reagents and apparatus
BN52021 and sodium taurocholate were purchased from
Sigma (USA), amylase kit was from Beijing Kemei Reagent
Co. (Beijing, China), trizol and diethyl pyrocarbonate
(DEPC) were from Invitrogen Company (USA), RT kit
was from IBM Fermentas Company (Lithuania), dNTPs
and the RNA enzyme inhibitor were from TaKaRa
Company (Japan), DNA Tag enzyme was from Promega
(USA), Primary antibody of NF- κ Bp65 rabbit-anti-rat
serum and the enhanced chemiluminescence (ECL) system
were from Santa Cruz Biotechnology (USA), secondary
antibody of sheep-antirabbit was from Beijing Dingguo
Biotechnology Co., Ltd. (Beijing, China), polyvinylidene
fluoride (PVDF film) was from Millipore Corp. (USA),
prestained marker was from Beijing Tianwei Time
Biotechnology Co., Ltd. (Beijing, China), β -actin was
from Beijing Zhongshan Biotechnology Co., Ltd. (Beijing,
China), DYY-12 electrophoresis system and electric transblot SD were from Beijing Liuyi Instrument Factory
(Beijing, China), type-2720 PCR apparatus was from ABI
Company (USA), and gel scanning & imaging system and
vertical electrophoresis system were from Bio-Rad (USA).
Animal grouping and model preparation
One hundred and eighty Wistar male rats (weighing
0.20-0.23 kg, 6-8 wk old, Grade Ⅱ, Certificate SCXK
2002-001) were provided by Laboratory Animal Center
of PLA Academy of Military Medical Sciences, China.
All rats were maintained in an environment of controlled
temperature (22℃-25℃), humidity (55%-58%), and
lighting (12 h light/12 h dark), with free access to tap water
and regular chow diet. They were randomly divided into
the negative controlled group (NC group, n = 60), SAPmodeled group (SAP group, n = 60), and BN52021-treated
group (BN group, n = 60), and each of the above groups
was respectively divided into 6 subgroups at different
time points after operation (1 h, 2 h, 3 h, 6 h, 12 h, and
24 h) (n = 10). SAP models were prepared according to
the method by Aho et al[9]. Wistar male rats were weighed,
marked and fasted for 24 h before the operation, with free
access to water. Anaesthesia was conducted by abdominal
cavity injection of 0.4% sodium pentobarbital (40 mg/kg).
Rats were ﬁxed in dorsal decubitus. The skin was prepared
and sterilized. And a 2-cm incision was made along the
middle line of the upper belly and the abdominal cavity
was entered. The duodenum and pancreaticobiliary duct
were searched, the hepatic end of the pancreaticobiliary
duct was clipped with a non-invasive vascular clip,
pancreaticobiliary duct retrograde centesis was conducted
with an obtuse (pointless) needle through duodenum
seromuscular layer, and then 5% sodium taurocholate (0.1
mL/100 g) was injected in the retrograde direction of
pancreaticobiliary duct with a micro-syringe, at an injection
rate of 0.20 mL/min. After the injection of the drug, the
part of pancreaticobiliary duct entering the duodenum
was clipped with a non-invasive vascular clip for 10 min,
and then the vascular clip was removed. After making sure
that there was no active bleeding in the abdominal cavity,
the abdomen was closed in two layers, and the wound was
covered with sterile gauze. For the rats in NC group, the
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Table 1 Scoring standard of pathological change for pancreatic
tissue of rats with SAP
Pathological grading

Pathological change

Edema

Inter-lobule local edema, widened pleura
Inter-lobule diffuse edema, widened
intra-lobule clearance
Increased intra-lobule clearance, alveolus
swollen, and separated
White cells < 20/visual field under
high-power microscope
White cells 20-50/visual field under
high-power microscope
White cells > 30/visual field under
high-power microscope, or
micro-abscess occurs
Parenchymal hemorrhage < 20%
Parenchymal hemorrhage 20%-50%
Parenchymal hemorrhage > 50%
Necrosis area < 20%
Necrosis area 20%-50%
Necrosis area > 50%

Inflammatory
Cell infiltration

Hemorrhage

Necrosis

Scores
1
2
3
1
2
3

1
2
3
1
2
3

duodenum was merely stirred and pancreas was touched
several times after opening the abdomen, and then the
abdomen was closed. For the BN group, BN52021 (5 mg/kg:
dissolved with Me2SO) was injected intravenously within
15 min after the operation; and for the groups of NC and
SAP, the same volume of physiological saline (0.9% NaCl)
was injected through femoral vein.
Sample collection and storage
The rats in each group received anaesthesia at respective
time points after the operation (1 h, 2 h, 3 h, 6 h, 12 h,
and 24 h), and venous blood was collected from the
right atrium. After a 10 min water bath at 37℃, and
then a centrifugation for 10 min at 3000 g/min, the
supernatant of the blood was respectively placed into
sterilized EP tubes, and stored in a refrigerator at -20℃
for determination of serum amylase. Meanwhile, two
portions of pancreatic tissues of each group were treated
differently; one portion was placed in liquid nitrogen
overnight, and then frozen in a refrigerator at -80℃ for
further use, and another portion was fixed with 40 g/L
neutral buffer formaldehyde, embedded with paraffin
wax, cut into slices, and then HE stained for pathological
observation and scoring.
Determination of serum amylase
Determination of serum amylase was conducted using a
fully automatic biochemical apparatus and an amylase kit.
Pathological observation and scoring of pancreas
Pathological observation and scoring for pancreatic tissue
samples (Table 1)[10]: 10 visual fields under a high-power
microscope (HE stain, × 400) were randomly selected, and
pathological changes of each item in the table were graded
and scored, with a score of 0 for pathological changes of
items not included in Table 1.
Primers
NF-κBp65 primer was prepared according to the previous
www.wjgnet.com
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method as reported[11]. The NF-κBp65 and β-actin primers
were synthesized by Shanghai Yingjun Biotechnology Co.
Ltd. (Table 2).

Determination of NF-κ Bp65 protein expression by Western
blot
The prepared total protein was added to gel-added buffer
at a ratio of 1:2 and then heated in water at 100℃ for
5 min. For its vertical plating electrophoresis, the added
volume was 15 μL. Each sample was palced on 2 parallel
glue plates, one of which was used for staining and the
other for membrane transferring. The voltage and time
of electrophoresis were 80 v, 10 min and 120 v, 60 min
for concentrating glue and isolating glue, respectively.
The gels and membranes were placed among 6 sheets of
filter paper and then between 2 foamy pads and put into
electrical transfer tank containing buffer. After precooling for
10 min in icy water, the gel and membrane were galvanized
for trans-printing for 4 h at a current of 1 mA/cm2. The
trans-printed gel was stained to determine whether the
trans-printing was complete. The trans-printed product
was put into a solution containing 0.5% bovine serum
albumin, slightly shaken and enclosed for 1 h. NF-κBp65
antibody (diluted in 1:400) was added and placed at 4℃
overnight. After the labeled PVDF membrane was washed
with 0.05% Tween-20 buffer (TBST) for 5 min three
times, it was incubated with IgG labeled with HRP (diluted
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Table 2 PCR primer series, position and segment length of
NF-κBp65 and β-actin.
Gene

Determination of NF-κ Bp65 mRNA expression by RT-PCR
First, the total RNA of pancreatic tissues was extracted
with Trizol Reagent for each group. Then, the integraty of
the total RNA was examined by agarose electrophoresis,
its concentration and purity were determined by a UV
spectrophotometer, and the total RNA concentration
of the sample was calculated. According to instructions
of the RT reagent kit, 1 μg of the total RNA was used,
and OligdT18 was used as a primer to produce 20 μ L
of the reaction system. PCR reaction was conducted by
using 4 μL cDNA-RT product, 3 μL 10 × PCR buffer,
3 μL dNTPs of 200 μmol/L, 3 μL upstream primer of
10 pmol/μL, 3 μL downstream primer of 10 pmol/μL,
1μL Taq enzyme, and 13 μL deionized double-distilled
water. Thermal cycle conditions were as follows: Predegeneration for 4 min at 94℃, 45 s at 94℃, 1 min
at 72℃; after 35 cycles, an extension was conducted
for another 5 min at 72℃. For each PCR reaction, a
negative control with the same volume of deionized
double-distilled water instead of cDNA was used, and
meanwhile, ampliﬁcation was conducted to control DNA
contamination. The housekeeping gene was amplified,
i.e. β -actin, as internal reference for gene quantitative
expression. The sequence of PCR product was determined
by Shanghai Yingjun Biotechnology Co., Ltd., and the
results were in accordance with the corresponding mRNA.
To 5 μL of RT-PCR product, 1 μL of supernatant buffer
(containing 0.2 mg/mL ethidium bromde) was added,
electrophoresis was conducted on gels containing 1.5%
agarose at 80 V for 45 min, and photographed with
Quantity One Gel Imaging System. A semiquantitative
analysis of the experimental results was conducted.
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Primer series (5'-3')

Gene No.

Position

Length

NF-κBp65 GAAGAAGCGAGACCTGGAG NM_199267 424-442
398 bp
TCCGGAACACAATGGCCAC
821-803
TCCTAGCACCATGAA GATC NM_031144 1044-1062 190 bp
β-actin
AAACGCAGCTCAGTAACAG
1233-1215

in 1:200) at 4℃ overnight. The membrane was washed
with 0.05% TBST again for 5 min three times. The liquid
of ECL A and that of ECL B were mixed at an equal
volume (0.125 mL liquid/cm 2 membrane). The PVDF
membrane was immerged in the mixed liquid for 1 min.
Then the membrane was put on the freshness-retaining
membrane. The trans-printing membrane was fixed in the
developing tray and pictured using medical ﬁlm for 30 s to
1 min, developed for 1-3 min and ﬁxed for 1 min. Finally,
the membrane was cleaned with water and dried up. The
PVDF membrane was put into the desorption liquid,
shaken at 50℃ for 30 min, enclosed, added with β-actin
antibody (diluted in 1:200) and placed at 4℃ overnight.
Then the above-mentioned process was repeated again
for imaging. The results were photographed, saved in a
computer, analysis was conducted by using Image-Pro Plus
4.5 image-analyzing software, and the integrated optical
density (IOD) was calculated. The optical density ratio
of target protein and β -actin in the same membrane was
taken as the value of the ﬁ nal experimental results.
Statistical analysis
The above experiments were repeated 3 times, the average
values were calculated as the ﬁnal data, and expressed as
mean ± SEM. Data were processed with SPSS11.5 statistical
software, normal test was conducted using t test and
single-factor analysis of variance. Results were considered
statistically significant when P < 0.05 or P < 0.01.

RESULTS
Serum amylase
It showed that the serum amylase in the SAP groups and
the BN groups significantly increased at each time point
than those in the NC groups (P < 0.05); however, the
values in the BN groups significantly decreased at 3 h, 6 h,
and 24 h than those in the SAP groups (P < 0.05) (Table 3).
Pathological observation and scoring
The pathological results showed that there was no obvious
abnormality in abdominal cavity at all time points, and the
pancreatic structure was almost normal in NC groups; in
the SAP groups, hemorrhagic ascites occurred, necrosis
foci were present in the pancreas, a number of saponifying
spots occurred in the mesentery and greater omentum,
and inflammatory cells infiltrated in pancreatic stroma
and glandular lobule, and diffuse bleeding and piecemeal
necrosis occurred and over time, the pathological changes
were exacerbated; in the BN groups, the pathological
changes were less serious than those in the SAP groups. It

Xia SH et al . Effect of BN52021 on NF-κBp65 expression

A

885

B

C

HE stain, × 400

HE stain, × 200

D

E

HE stain, × 200

F

HE stain, × 400

HE stain, × 200

HE stain, × 400

Figure 1 Pathological change of pancreatic tissues at 6 h after operation in each group. A and B: In NC group, the pancreatic structure was almost normal; C and D: In
SAP group, inflammatory cells infiltrated, diffuse bleeding and piecemeal necrosis were occurred; E and F: In BN group, the pathological changes were less serious than
those in SAP group.

Table 3 Level of serum amylase at each time point in each
group after operation (U/L) n = 10, mean ± SD

Table 4 Scores of pancreatic tissues at each time point in each
group after operation n = 10, mean ± SD

Time points
Groups
NC
SAP
BN

1h

2h

1835.6
± 613.2
2560.5
± 121.5a
2214.5
± 109.1b

1491.5
± 507.0
2810.5
± 147.2a
3331.7
± 196.4b

3h
1530.4
± 247.0
4799.3
± 107.0a
4185
± 147.8b,c

6h
1400.2
± 447.5
4919.7
± 139.6a
3784.7
± 124.1b,c

Groups
12 h

24 h

2153.2
± 236.3
3486.3
± 181.8a
3454
± 264.1b

337
± 43.7
2283
± 127.0a
1360.4
± 161.4b,c

P < 0.05, bP < 0.05 vs NC group; cP < 0.05 vs SAP group.

Time points
1h

NC
SAP
BN

2h

3h

6h

12 h

24 h

0.12 ± 0.05 0.11 ± 0.06 0.12 ± 0.05 0.13 ± 0.04 0.12 ± 0.06 0.13 ± 0.05
4.82 ± 0.35a 7.65 ± 0.40a 8.85 ± 0.39a 9.15 ± 0.55a 10.10 ± 0.65a 11.75 ± 0.25a
5.55 ± 0.30b 6.65 ± 0.42b 5.95 ± 0.19b,c 5.55 ± 0.36b,c 6.72 ± 0.30b,c 9.95 ± 0.58b

a

P < 0.05, bP < 0.05 vs NC group; cP < 0.05 vs SAP group.

a

was shown that the scores in the SAP groups and the BN
groups significantly increased at all time points than those
in the NC groups (P < 0.05); however, the scores in the
BN groups markedly decreased at 3 h, 6 h, and 24 h than
those in the SAP groups (P < 0.05) (Figure 1, Table 4).
NF-κ Bp65 mRNA expression in the pancreatic tissues and
effects of BN52021 on it
The expression of NF-κ Bp65 mRNA was dynamically
changed in both SAP groups and BN groups in a dual-peak
manner. The two peaks of the expression appeared at 1 h
and 24 h in the SAP groups and at 1 h and 12 h in the BN
groups and then the expression reached its lowest level at
6 h. The mRNA level was higher in SAP groups than NC
groups at 2 h, 3 h, 12 h, and 24 h after operation (P < 0.05),
higher in BN groups than NC groups at all time points
(P < 0.05), and higher in BN group than SAP group at
1 h (P < 0.05) (Figure 2, Table 5).

NF-κ Bp65 protein expression in the pancreatic tissue and
effects of BN52021 on it
The NF-κBp65 protein level was markedly higher in SAP
groups than NC groups at 1 h, 3 h, and 6 h (P < 0.01), and
2 h, 12 h, and 24 h (P < 0.05), also higher in BN groups
than NC groups at all time points (P < 0.05), but lower in
BN group than SAP groups at 1 h, 3 h, and 6 h (P < 0.05)
(Figure 3, Table 6).

DISCUSSION
Studies in recent years conﬁrmed that cytokines and
adhesion molecules play an important role in pathogenesis
of SAP. NF-κBp65, which is a type of protein that can
bind many kinds of cytokines and adhesion molecules
at the κ B site of their gene promoters to enhance
transcription of the genes, plays an important role in the
occurrence and development of SAP[4,11]. Meanwhile, it
is one member of the family of transcription-regulating
protein and a homologous or heterogenous dimmer that
contains 5 subunits of p50, p52, p65, cRel and RelB.
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513 bp
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Figure 2 Expression of NF-κBp65 mRNA at all time points in each group after operation. A: NC group; B: SAP group; C: BN group. 1: Marker, 2: 1 h, 3: 2 h, 4: 3 h, 5: 6 h, 6:
12 h, 7: 24 h.

Table 5 Absorbance values of NF-κBp65 mRNA in pancreatic tissue at each time in each group after operation n = 10, mean ± SD
Groups

Time points
1h

NC
SAP
BN

220.01 ± 94.51
340.47 ± 119.14
470.80 ± 122.78b,c

2h

3h

6h

186.30 ± 51.52
269.03 ± 66.03a
268.70 ± 87.64b

167.19 ± 51.55
229.45 ± 50.34a
267.95 ± 49.66b

114.91 ± 55.96
197.07 ± 96.02
277.64 ± 83.37b

12 h

24 h

123.91 ± 54.78
307.42 ± 100.62a
337.21 ± 103.02b

131.08 ± 66.84
376.97 ± 0.22a
340.24 ± 0.44b

a

P < 0.05, bP < 0.05 vs NC group; cP < 0.05 vs SAP group.

1

2

3

4

5

6

Table 6 Absorbance values of NF-κBp65 protein in pancreatic
tissue at each time point in each group after operation. n =
10, mean ± SD

A
β-actin

Groups

Time points
1h

NC
SAP
BN

NF-κBp65
1

2

3

4

5

6

B

β-actin

NF-κBp65
1

2

C

3

4

5

6
β-actin

NF-κBp65

Figure 3 Expression of NF-κBp65 protein at all time points in each group after
operation. A: NC group; B: SAP group; C: BN group. 1: 1 h, 2: 2 h, 3: 3 h, 4: 6 h, 5:
12 h, 6: 24 h.

Under normal condition, it binds to its inhibiting protein
single IκB (including IκBα, IVBβ and IκBε) and has no
activity. Upon stimulation of cells by such activating signals
as endotoxin or TNF-α, it separates from IκB and enters
the cellular nucleus and binds with specific κB sequence of
www.wjgnet.com

2h

3h

6h

12 h

24 h

0.05 ± 0.00 0.09 ± 0.01 0.07 ± 0.01 0.05 ± 0.01 0.06 ± 0.01 0.10 ± 0.02
1.43 ± 0.06a 0.80 ± 0.05d 1.58 ± 0.02a 1.38 ± 0.03a 0.87 ± 0.09d 0.90 ± 0.05d
1.04 ± 0.02b,c 0.72 ± 0.02b 1.01 ± 0.04b,c 0.95 ± 0.03b,c 0.75 ± 0.02b 0.76 ± 0.01b

a

P < 0.05, bP < 0.05, dP < 0.05 vs NC group; cP < 0.05 vs SAP group.

DNA to enhance transcription of genes of inﬂ ammatory
media and cytokines. In 1997, Dunn et al, for the first
time, found that activation of NF-κBp65 is an important
early event in the occurrence of acute pancreatitis (AP)
through establishing bile-originated AP by ligation of
pancreatic duct. Blinman et al showed that the activity of
NF-κBp65 is signiﬁcantly enhanced and the expression of
IL-6 and KC increases in the pancreatic tissues in the early
stage of edematous pancreatitis in rats induced by litorin.
Therefore, they believe that the activation of NF-κBp65
plays an important role in pathogenesis of AP; IL-1, IL-6,
IL-8, IL-10 and TNF are associated with AP. Since the
production of these inflammatory cytokines is regulated
by NF-κBp65 and activator protein 1, it is believed that
NF-κBp65 plays the major role in the inﬂ ammatory media
regulating network[12,13].
In this study, we found that the expression of NF-κBp65
mRNA and protein were signiﬁcantly higher in SAP
groups than in NC groups at all time points. Moreover,
the expression markedly increased in the early stage,
dynamically changed in dual-peak and time-dependent
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manners. These ﬁndings conﬁrm that NF-κBp65 plays
an important role in the occurrence and development
of SAP. The mechanisms include: SAP causes severe
endotoxemia, and LPS and endotoxin component bind
with their respective binding protein and CD14 molecule
on cell membrane to form an LPS-LBP-CD14 complex to
activate the signal transduction of Toll-like receptor 4, and
the signal transduction further activates gene transcription
of cytokines (such as IL-1, IL-6 and IL-8)[14]. In SAP, the
pancreatic elastase is activated to activate NF- κ Bp65
to exert its inflammation-inducing effects through
the TLR4/NF- κ B pathway. Consequently, damage of
pancreatic self-digestion function and injuries of other
organs outside of pancreas occur [15]. In SAP, PLA2 is
activated to activate expression of NF-κBp65 of target
cells in tissues [16]. NF- κ Bp65 is ﬁrstly activated in the
pancreatic tissue to release cytokines. The cytokines start
the “waterfall reaction” of inflammatory media through
the “triggering role”. The inflammatory media such as
PAF are released into the blood. Though the activation
of NF-κB in the pancreatic tissues can be partly inhibited
by intra- and extracellular pathways of negative feedback
of NF- κ Bp65, the inﬂammator y media can ag ain
activate NF-κBp65 in other organs outside of pancreas
(neutrophils, Kuffer cells, liver, lung and intestines, etc.)
to produce more inflammatory media. As a result, they
participate in the development of SAP and aggravate the
injuries of pancreas and other organs or even cause SIRS,
ARDS and MOF[4].
BN52021, one of the effective components of Chinese
medicine ginkgo biloba leaf and a strong antagonist
against the inflammatory medium of PAF, can not only
block the signal transduction of PAF but also decrease
blood concentration of PAF to exert its biological
effect[17]. This study showed that BN52021 could decrease
serum amylase level and alleviate pathological changes
in SAP, which is consistent with that reported by other
researchers[18,19]. The expression of NF-κBp65 mRNA was
signiﬁcantly higher in SAP and BN groups than in NC
group at all time points after operation. However, it was
markedly higher in BN groups than in SAP group at 1 h
after the operation. The reason for the latter might be that
the Me2SO used for dissolution of BN52021 can aggravate
inﬂammatory reaction in the early stage of SAP, resulting in
enhancement of NF-κBp65 mRNA expression, however,
the mechanism needs to be further elucidated. Our results
suggest that BN52021 does not significantly affect the
expression of NF- κ Bp65 mRNA. The expression of
NF-κBp65 protein was signiﬁcantly lower in BN groups
than in SAP groups at 1, 3 and 6 h after operation.
However, it was still markedly higher in BN groups than
in NC groups at all time points after operation. These
findings suggest that BN52021 can inhibit the expression
of NF-κBp65 protein in the early stage, to some extent,
which might be one mechanism of its therapeutic effects
on SAP. However, there was difference in the effect of
BN52021 on NF-κBp65 mRNA expression and its protein
expression. We believe that BN52021 causes downstream
changes in signal transduction, leading to the difference,
the mechanism of which also needs to be further studied.
In summary, the increase of NF-κBp65 expression
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plays an important role in pathogenesis of SAP. BN52021
can decrease serum level of amylase and alleviate pathological
changes in SAP. Meanwhile, it can decrease expression of
NF-κBp65 protein in pancreatic tissues in the early stage
of SAP to exert its therapeutic effects.

COMMENTS
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BN52021 (ginkgolide B) is a specific antagonist to platelet activating factor
receptor (PAF-R). In recent years, studies at home and abroad have shown that
it has signiﬁcant physiological activities, such as platelet aggregration inhibition,
anti-inflammation, and anti-shock. BN52021 has significant effects in treatment
of animals with severe acute pancreatitis (SAP). But the exact pathogenesis of
BN52021 on SAP is unknown. This study was aimed to dynamically investigate the
changes and signiﬁcance of the expression of NF-κBp65 mRNA and its protein in
pancreatic tissues and effects of BN52021 in rats with SAP.
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To explore molecule mechanism of BN52021 on severe acute pancreatitis.
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BN52021 has remarkable curative effects in acute pancreatitis. But the mechanism
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signiﬁcance of NF-κBp65 in platelet activating factor receptor signal transduction.

Applications

The results may provide theortic and experimental evidence for study, and
application of BN52021, and new approaches for therapy of severe acute
pancreatitis.

Terminology

NF-κBp65 is a type of protein that can bind many kinds of cytokines and adhesion
molecules at the κB site of their gene promoters to enhance transcription of the
genes. It plays an important role in cellular signal transduction in different theories
of pathogenesis of severe acute pancreatitis. BN52021, namely code of ginkgolide
B, one of the effective components of Chinese medicine ginkgo biloba leaf and
a strong antagonist against the inﬂammatory medium of platelet activating factor
(PAF), can not only block the signal transduction of PAF but also decrease blood
content of PAF to exert its biological effect. It has signiﬁcant physiological activities,
such as platelet aggregration inhibition, anti-inﬂammation, and anti-shock.

Peer review

The results show that the expression of NF-κBp65 in pancreatic tissues
dynamically changed and the changes played an important role in pathogenesis of
severe acute pancreatitis (SAP). BN52021 exerted some kind of therapeutic effect
through reducing the expression level of NF-κBp65 proteins in the early stage of
SAP.
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Abstract
AIM: To determine serum γ-glutamyltransferase
(GGT), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) activity, and to assess their
correlation with demographic and clinical findings in
healthy blood donors.
METHODS: This cross-sectional study was performed
in 934 male blood donors, aged 18 to 68 years, who
consecutively attended Tehran blood transfusion service
in 2006. All participants were seronegative for HBV or
HCV infections, non alcohol users, and all underwent
a standard interview and anthropometric tests. Clinical
and biochemical parameters including AST, ALT, and GGT
activities were determined. Patients taking drugs known
to cause hepatic fat deposition were excluded. For
AST, ALT, and GGT variables, we used 33.33 and 66.66
percentiles, so that each of them was divided into three
tertiles.
RESULTS: Mean AST, ALT, and GGT activities were 25.26
± 12.58 U/L (normal range 5-35 U/L), 33.13 ± 22.98
(normal range 5-35 U/L), and 25.11 ± 18.32 (normal
range 6-37 U/L), respectively. By univariate analyses,
there were significant associations between increasing
AST, ALT, or GGT tertiles and age, body weight, body
mass index, and waist and hip circumferences (P < 0.05).
By multiple linear regression analyses, ALT was found
to be positively correlated with dyslipidemia (B = 6.988,
P = 0.038), whereas ALT and AST were negatively
correlated with age. AST, ALT, and GGT levels had
positive correlation with family history of liver disease
(B = 15.763, P < 0.001), (B = 32.345, P < 0.001), (B =

24.415, P < 0.001), respectively.
CONCLUSION: Although we did not determine the
cutoffs of the upper normal limits for AST, ALT, and
GGT levels, we would suggest screening asymptomatic
patients with dyslipidemia and also subjects with a family
history of liver disease.
© 2007 The WJG Press. All rights reserved.

Key words: γ-glutamyltransferase; Alanine aminotransferase;
Aspartate aminotransferase; Blood donor
Khedmat H, Fallahian F, Abolghasemi H, Hajibeigi B, Attarchi
Z, Alaeddini F, Holisaz MT, Pourali M, Sharifi S, Zarei N.
Serum γ-glutamyltransferase, alanine aminotransferase, and
aspartate aminotransferase activity in Iranian healthy blood
donor men. World J Gastroenterol 2007; 13(6): 889-894

http://www.wjgnet.com/1007-9327/13/889.asp

INTRODUCTION
The level of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), γ -glutamyltransferase (GGT)
elevation that is considered abnormal varies widely and
has recently been brought into question[1]. There is also
debate as to whether or not different cutoffs are indicated
for normal ranges of liver enzymes. Several studies have
shown that variation in serum AST ALT or GGT in
the population is associated with risk of development
of cardiovascular disease, type 2 diabetes, stroke, or
hypertension[2,3]. Nonalcoholic fatty liver disease (NAFLD)
is a common explanation for abnormal liver-test results
in blood donors, and it is the cause of asymptomatic
elevation of aminotransferase levels in up to 90 percent
of cases once other causes of liver disease are excluded[4].
Associations between abnor mal values and also the
prevalence and the risk factors for fatty liver have not
undergone a formal evaluation in a representative sample
of the general population. NAFLD is emerging as a
component of the metabolic syndrome, although it is not
known whether markers of NAFLD, including elevated
concentrations of AST, and ALT, predict the development
www.wjgnet.com
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of metabolic syndrome. The third report of the National
Cholesterol Education Program expert panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (ATP Ⅲ) defines metabolic syndrome as involving
three or more of the following criteria[5]:
- Central/abdominal obesity as measured by waist
circumference: for men > 40 inches (102 cm) and for
women > 35 inches (88 cm).
- Fasting plasma triglycerides ≥ 150 mg/dL (1.69 mmol/L)
- HDL cholesterol for men < 40 mg/dL (1.04 mmol/L),
and for women < 50 mg/dL (1.29 mmol/L)
- Blood pressure ≥ 130/85 mmHg
- Fasting plasma glucose ≥ 110 mg/dL (6.1 mmol/L)
Also frequently seen with metabolic syndrome but not
included in the ATP Ⅲ criteria are prothrombotic and
proinflammatory tendencies. All of the factors associated
with metabolic syndrome are interrelated. Obesity and
lack of exercise tend to lead to insulin resistance. Insulin
resistance has a negative effect on lipid production,
increasing VLDL (very low-density lipoprotein), LDL
and triglyceride levels in the bloodstream and decreasing
HDL (high-density lipoprotein). This can lead to fatty
plaque deposits in the arteries enhancing the risks for
cardiovascular disease, blood clots, and strokes. Excess
insulin increases renal sodium retention, which increases
blood pressure and can lead to hypertension.
Our aim was to determine serum γ-glutamyltransferase,
alanine aminotransferase, and aspartate aminotransferase
activity and to investigate their relationship with several
components of the metabolic syndrome in 934 healthy
male blood donors in Tehran blood transfusion center
from 15 February to 22 March 2006.

MATERIALS AND METHODS
Clinical and laboratory assessment
Nine hundred thirty four apparently healthy Iranian men,
who attended to Tehran blood transfusion center for
blood donation during a 37-d period from 15 February to
22 March 2006, were consecutively enrolled in the crosssectional study. A standard interview, anthropometrics, and
biochemical analyses were conducted for each participant.
Samples from all donations were tested according to
the recognized screening test algorithms for hepatitis B
surface antigen, anti-HCV, anti-HIV1/2, syphilis, and for
AST, ALT and GGT levels. Samples repeatedly reactive
or indeterminate for HBsAg were further analyzed with a
second independent HBsAg enzyme immunoassay (EIA),
and if further reactive, were tested by a neutralization
assay. Samples repeatedly reactive or indeterminate for
anti-HCV were confirmed with an additional independent
anti-HCV EIA and with a HCV-RIBA assay. Samples
repeatedly reactive or indeter minate for HIV were
confirmed with a second independent anti-HIV1/2 test, a
p24 Ag assay and a HIV western blot. Samples reactive to
venereal disease research laboratory (VDRL) were tested
by fluorescent Treponemal antibody absorbed (FTA-ABS)
as confirmatory test for syphilis infection.
The following conditions were excluded: seropositivity
for hepatitis B surface antigen, and or antibody to hepatitis
C virus, approved by confirmatory tests of hepatitis B and
www.wjgnet.com
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C viruses, alcohol consumption, use of drugs which may
produce fatty liver as asparaginase, tetracycline, warfarin,
amiodarone, tamoxifen, estrogens, bleomycin, diltiazem,
nifedipine, methotrexate, corticosteroids, and salicylates.
Cigarette smoking was not considered a criterion for
exclusion. As number of female blood donors were limited
(56 subjects), their data were not included. Personal and
family history of hypertension, ischemic heart disease,
stroke, dyslipidemia, diabetes mellitus, chronic liver
disease according to diagnosis of physician, cigarette
smoking, medication history, demographic findings such
as body weight, height, body mass index, waist and hip
circumferences, waist to hip ratio, and blood pressure were
recorded. All anthropometric measurements were made
by the same physician. Former and present smokers were
defined as ever smokers. Established diagnosis of diabetes
was considered if random blood sugar > 200 mg/dL (≥
11.1 mmol/L) plus symptoms of diabetes or the patient
was a known case of diabetes by a physician. Dyslipidemia
was diagnosed in the case of documented use of
anti-lipemic medication, or the fasting levels of total
cholesterol above 200 mg/dL or triglycerides above 170
mg/dL. The diagnosis of hypertension was based on the
following criteria: systolic blood pressure ≥ 140 mmHg
and or diastolic blood pressure ≥ 90 mmHg measured
within 30 min in the sitting position using a brachial
sphygmomanometer or ongoing use of antihypertensive
treatment. Personal history of ischemic heart disease,
stroke, family history of diabetes, family history of chronic
liver disease in first relatives were recorded if the diagnoses
were approved by a physician.
Venous blood was drawn from antecubital vein. AST,
ALT and GGT levels were detected by auto-analyzer.
AST, ALT and GGT in serum were determined by ELISA
method. Furthermore, to eliminate effect of freezethawing of samples that may lower enzyme activity values,
ALT, AST, and GGT testing was conducted on samples
which were immediately carried to the laboratory. We did
not exclude people with known diabetes that is likely to be
affected more commonly with fatty liver disease, to avoid
bias in conclusions. The study proposal and the protocol
were approved by the ethics committee of Baqiyatallah
University of Medical Sciences, and a written informed
consent was obtained from each participant.
Statistical analysis
Analysis was performed using SPSS software version 13.0.
For numerical variables we used mean value, standard
deviation, median, 5 th and 95 th percentiles, maximum
and minimum. For categorical variables we used number
and percent. Since AST, ALT, and GGT values were not
gaussian distributed, the levels of these variables were
logarithm neperian (Ln) transformed. For measurement of
their mean, we changed the amounts to normal Log and
then we used exponential of mean and used that as mean
of variables.
We used 33.33 and 66.66 percentiles and each variable
was divided into three groups. For associations of them
with numerical variables variance analyses, and for
analyzing statistical difference among categorical variables
in relation to AST, ALT, and GGT levels, chi-square tests
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Table 1 AST tertiles according to characteristics of the study population
AST
Variable
Age (mean ± SD), yr
Body weight (mean ± SD), km
Height (mean ± SD), cm
Body mass index (BMI) (mean ± SD)
Waist circumference (mean ± SD), cm
Hip circumference (mean ± SD), cm
Waist to hip ratio (WHR) (mean ± SD)
Diabetes mellitus (% positive)
Family history of diabetes (% positive)
Family history of liver disease (% positive)
Hypertension (% positive)
Dyslipidemia (% positive)
Smoking habit (% positive)

< 21

21-25

P

> 25

42.1 ± 11.4
80.6 ± 11.9

40.9 ± 11.2
82.1 ± 12.8

39.5 ± 10.2
85.7 ± 13.4

0.020 (group 1 vs group 3)
0.000 (group 1, 2 vs group 3)

174.4 ± 6.9
26.6 ± 3.7
94.3 ± 8.6
100.7 ± 8.2
0.94 ± 0.04
2.7
23.3
0.3
3.7
6.3
24.0

174.9 ± 6.4
26.9 ± 3.9
95.5 ± 9.7
101.5 ± 9.4
0.94 ± 0.05
1.3
18.8
1.6
2.6
4.9
21.7

175.3 ± 6.8
27.9 ± 4.3
97.3 ± 9.7
103 ± 9.1
0.94 ± 0.05
1.0
18.6
1.3
2.3
8.1
19.7

0.232
0.000 (group 1, 2 vs group 3)
0.000 (group 1, 2 vs group 3)
0.001 (group 1, 2 vs group 3)
0.449
0.226
0.271
0.276
0.574
0.262
0.435

Table 2 ALT tertiles according to characteristics of the study population
ALT
Variable
Age (mean ± SD), yr
Body weight (mean ± SD), kg
Height (mean ± SD), cm
Body mass index (BMI) (mean ± SD)
Waist circumference (mean ± SD), cm
Hip circumference (mean ± SD), cm
Waist to hip ratio (WHR) (mean ± SD)
Diabetes mellitus (% positive)
Family history of diabetes (% positive)
Family history of liver disease (% positive)
Hypertension (% positive)
Dyslipidemia (% positive)
Smoking habit (% positive)

< 22
42.1 ± 11.9
79.0 ± 11.5
174.45 ± 6.76
25.94 ± 3.4
93.2 ± 9.5
99.5 ± 9.0
0.94 ± 0.04
2.0
20.6
0.3
3.6
4.9
21.64

were performed. If it was a difference between groups,
in analysis variance, we used LSD test for showing the
group that had significant difference. All reported P
values are two tailed, and those < 0.05 were considered
statistically significant. Multiple linear regression analyses
were conducted to assess variables that are associated with
increased AST, ALT, or GGT levels, and all the variables
entered the model and then those that had a P value less
than 0.1 were maintained in the equation.

RESULTS
The mean age of 934 participants was 40.83 ± 10.96 (range
of 18.00 to 68.00) years. The mean body mass index, waist
circumference, and waist to hip ratio (WHR) were 27.09 ±
3.98, 95.62 ± 9.41 centimeter, and 0.93 ± 0.04, respectively.
Mean AST, ALT, and GGT activities were 25.26 ± 12.58
U/L (normal range 5-35 U/L), 33.13 ± 22.98 U/L (normal
range 5-35 U/L), and 25.11 ± 18.32 U/L (normal range
6-37 U/L), respectively. Mean (Transfor mation Ln)
of AST, ALT, and GGT were 23.76, 28.45, and 20.52,
respectively. Considering 5th and 95th percentiles of AST (16,
42), ALT (13, 70), or GGT (8, 58) U/L, the 95th percentiles
values were high in the population studied. Subjects
were divided into three groups according to liver enzyme

22-34
41.5 ± 10.9
83.0 ± 11.4
174.67 ± 6.69
27.29 ± 3.6
95.7 ± 8.6
102.0 ± 8.2
0.94 ± 0.05
1.0
21.8
1.3
2.4
7.4
23.57

> 34
38.9 ± 9.9
86.5 ± 14.4
175.4 ± 6.6
28.1 ± 4.6
98.1 ± 9.5
104.1 ± 9.2
0.94 ± 0.05
1.9
18.2
1.6
2.6
7.1
20.2

P
0.001 (group 1, 2 vs group 3)
0.000 (all of groups)
0.173
0.000 (all of groups)
0.000 (all of groups)
0.001 (all of groups)
0.152
0.571
0.538
0.268
0.621
0.402
0.602

tertiles. In AST tertiles, AST level was < 21, 21-25 U/L,
and AST > 25 U/L in groups 1, 2, and 3, respectively. In
ALT tertiles, ALT level was < 22, 22-34, and > 34 U/L
in groups 1, 2, and 3, respectively. In GGT tertiles, GGT
level was < 15 U/L, 15-25 U/L, and > 25 U/L in groups 1,
2, and 3, respectively.
Comparative demographic, clinical and biochemical
characteristics of our study population in AST, ALT, and
GGT tertile groups by univariate analyses are shown in
Tables 1, 2, and 3. Univariate analyses show significant
associations between increasing AST, ALT, or GGT
tertiles and age, body weight, body mass index, central
adiposity, waist and hip circumferences (P < 0.05).
Moreover, evidence that increasing ALT, AST, and GGT
tertiles are associated with demographic parameters of
the metabolic syndrome (body weight, body mass index,
waist circumference and hip circumference), support the
conclusion that most of the abnormalities are probably
due to NAFLD. The mean body mass index in our study
population of 27.09 ± 3.98 could implicate a potentially
important public health attention.
Table 4 shows correlation of our study characteristics
with AST, ALT, or GGT levels in multiple linear
regression.
In multiple linear regression analysis, AST was found
www.wjgnet.com
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Table 3 GGT tertiles according to characteristics of the study population
GGT
Variable
Age (mean ± SD), yr
Body weight (mean ± SD), kg
Height (mean ±SD), cm
Body mass index (BMI) (mean ± SD)
Waist circumference (mean ± SD), cm
Hip circumference (mean ± SD), cm
Waist to hip ratio (WHR) (mean ± SD)
Diabetes mellitus (% positive)
Family history of diabetes (% positive)
Family history of liver disease (% positive)
Hypertension (% positive)
Dyslipidemia (% positive)
Smoking habit (% positive)

< 15

15-25

> 25

38.8 ± 11.4
79.1 ± 11.2
174.6 ± 6.5
25.9 ± 3.3
92.9 ± 9.1
99.2 ± 8.9
0.94 ± 0.04
0.6
19.1
0.0
2.2
5.1
19.49

42.4 ± 11.2
83.8 ± 12.6
174.9 ± 7.0
27.6 ± 4.3
96.5 ± 9.5
102.8 ± 9.0
0.94 ± 0.04
2.0
22.1
1.0
2.7
7.1
23.29

41.3 ± 10.1
85.7 ± 13.9
175.1 ± 6.6
27.9 ± 4.0
97.8 ± 8.9
103.7 ± 8.5
0.94 ± 0.05
2.3
19.5
2.3
3.6
7.2
22.7

to be inversely related with age and smoking habit (B =
-0.125, P = 0.002; B = -1.874, P = 0.076, respectively).
ALT was negatively correlated with age (B = -0.317,
P = 0.000), and positively with a personal history of
dyslipidemia (B = 6.988, P = 0.038). For AST, ALT, and
GGT levels positive associations were found with a family
history of liver disease (B = 15.763, P < 0.001; B = 32.345,
P < 0.001; and B = 24.415, P < 0.001, respectively).

DISCUSSION
In the general population, the estimated NAFLD
prevalence ranges from 3% to 24%, with most estimates
in the 6% to 14% range. NAFLD appears to be most
strongly associated with obesity. It appears to be more
common in men, and it increases with increasing age
and after menopause. More advanced stages of NAFLD
are associated with older age and higher body mass
index[6]. In Ruhl et al[7] study, elevated ALT was associated
with younger age corresponding to our study in which
increasing ALT and AST tertiles were inversely related to
age.
NAFLD is the major cause of elevation of ALT
and it is in fact considered the hepatic manifestation of
metabolic syndrome[8]. In a study of 10 368 adults aged
20 years and over, participating in the Tehran Lipid and
Glucose Study[9], the age-standardized prevalence of the
metabolic syndrome was 33.7%.
Several studies have shown that variation in serum
GGT in the population is associated with risk of death or
development of cardiovascular disease, type 2 diabetes,
stroke, or hypertension. Whitfield JB et al [2] estimated
the relative importance of genetic and environmental
sources of variation in GGT. There were highly significant
correlations between GGT and body mass index, serum
lipids, lipoproteins, glucose, insulin, and blood pressure.
These correlations were more attributable to genes that
affect both GGT and known cardiovascular risk factors
than to environmental factors.
Nakanishi N et al[3] investigated the association between
serum GGT and risk of metabolic syndrome and type 2
diabetes mellitus. The results of the article indicate that
serum GGT may be an important predictor for developing
www.wjgnet.com

P
0.000 (group 1 vs group 2, 3)
0.000 (group 1 vs group 2, 3)
0.675
0.000 (group 1 vs group 2, 3)
0.000 (group 1 vs group 2, 3)
0.001 (group 1 vs group 2, 3)
0.103
0.217
0.608
0.023
0.582
0.486
0.471

Table 4 Correlation of the study population characteristics with
AST, ALT, and GGT levels
Dependent variable Independent variable
AST

ALT

GGT

Coefficients

B Std. Error
Age
-0.125
0.039
Family history of liver disease 15.763
4.029
Smoking habit
-1.874
1.056
Age
-0.317
0.071
Family history of liver disease 32.345
7.258
Dyslipidemia
6.988
3.363
Family history of liver disease 24.415
5.791

P
0.002
0.000
0.076
0.000
0.000
0.038
0.000

metabolic syndrome and type 2 diabetes mellitus. Kim HC,
et al[10] showed that the serum ALT and GGT levels were
significantly associated with metabolic syndrome in men
but not in women.
In the present study, correlation between family
history of liver disease and increased liver enzymes may
be attributable to genes that affect AST, ALT, and GGT
and also known metabolic syndrome risk factors and
environmental factors. Although we did not exclude
other etiologies of hepatitis in families of blood donors,
the association of family histor y of hepatitis with
increasing AST, ALT, or GGT levels may show a genetic
predisposition. As fatty liver is the most common cause
of liver function test abnormality, further investigation
is needed for genetic and dietary habits as predisposing
factors for liver abnormality. Interaction of genetic
and environmental factors might be the trig ger of
inflammatory cascades leading to metabolic syndrome.
Rising liver enzymes activity may be the he patic
manifestation of ongoing inflammation and metabolic
syndrome. The liver plays an important role in maintaining
normal glucose concentration. It is also a major site of
insulin clearance[11]. Type 2 diabetes mellitus is a public
health problem of epidemic dimension and its prevalence
is on the rise. Many risk factors, including the metabolic
syndrome, have been implicated in its development[12].
There are controversies about normal ranges of liver
enzymes in the general population. Furthermore, the level
of elevation that is considered abnormal varies widely and
has recently been brought into question. There is also a
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debate as to whether or not different cutoffs are indicated
for normal ranges of liver enzymes in men and women.
Given all the controversy, it is clear that more acceptable
and accurate means of noninvasive diagnostic approach
to NAFLD as the most common cause of liver function
test abnormality is needed. In addition, the use of higher
cutoff values for normal ALT, AST, or GGT would lower
the estimated prevalence of occult liver disease in the
population.
Mohammadnejad M et al[13] showed that serum ALT
activity was independently associated with body mass index
and male gender, but not with age. The upper normal limit
for non-overweight women (BMI of less than 25) was 34
U/L, and for non-overweight men 40 U/L. This article
suggested that the normal range of ALT should be defined
for male and female separately. Using this level of upper
limit value for ALT activity, the authors of this paper
may lose some men with NAFLD who need screenings.
Our study corresponds with their data with respect to the
association of liver enzymes and body mass index but we
also noted liver enzyme correlation with age, body weight,
and waist and hip circumferences.
Ruhl and Everhart [7] reviewed data from the third
US National Health and Nutrition Examination Survey
(1988-1994) in which adult participants underwent
anthropometric measurements. Abnor mal ALT was
defined as ALT > 43 U/L for men or women. Serum ALT
levels as a surrogate marker for NAFLD were elevated in
2.8% of the study population. Moreover, using recently
suggested lower normal values for ALT (> 30 U/L for
men and > 19 U/L for women), they found elevated
levels in 12.4% of men and 13.9% of women. Clark JM
and Diehl AM[1] in their editorial comment on Ruhl C et
al[7] acknowledged that occult liver disease may be more
common than previously suspected. They agreed that
the association of ALT abnormalities with the metabolic
syndrome supports the conclusion that the ALT elevations
are due to NAFLD. The conditions associated with fatty
liver disease presenting with normal liver enzymes and the
mechanism involved in its development remain to be fully
elucidated.
The hypothesis that fatty liver with nor mal liver
enzymes occurs more frequently in arterial hypertensive
patients was tested by Donati G et al[14] and they found
that the condition is associated with insulin resistance.
Essential hypertension is considered an insulin resistant
state[15], and approximately 50% of patients with arterial
hypertension are reported to be insulin resistant with
hyperinsulinemia[16], a value much higher than that is found
in the general population.
Our study population was consisted of healthy blood
donors who are a better sample to indicate the burden of
occult liver disease and NAFLD in the general population
compared to the sampling from gastroenterology clinics
or referred patients with metabolic syndrome. History
of personal hypertension had no statistically significant
association with increasing liver enzyme levels. It is
noteworthy that hypertensive patients are not good
candidates for blood donation and, because most of them
have already been excluded from our study, interpretation
of our findings in this regard is limited.
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Our study has some limitations. The vast majority
of our participants were male; and the volunteer blood
donors are healthier than general population. In this
study, all the biochemical and clinical variables predicting
the presence of metabolic syndrome were not examined.
We did not consider the racial, ethnicity, genetic and
environmental sources of variation in AST, ALT, and
GGT; amount of regular physical activity, eating habits,
and biochemical characteristics of metabolic syndrome. We
did not determine cutoffs of liver enzymes for estimation
of non-alcoholic fatty liver disease, although NAFLD
is reported even in normal range of liver enzymes. A
better understanding of the factors that modulate liver
disease progression is critical, so that we can target
selected patients for more aggressive monitoring, lifestyle
interventions, and pharmacotherapy.
In conclusion, variation within the normal ranges of
AST, ALT, and GGT in healthy subjects is associated
with some components of metabolic syndrome. In adult
healthy men, those in the highest AST, ALT, and GGT
levels, present with family history of liver disease; and
those in the highest ALT levels, present with dyslipidemia.
It is reasonable to recommend screening those with
dyslipidemia that is also a risk factor for atherosclerosis
and premature cardiovascular disease. Moreover, screening
subjects with evidence of abdominal obesity and family
history of liver disease is necessary.
The follow-up of these individuals would determine
if certain amounts of AST, ALT, and GGT values might
be considered as early predictors of subsequent fatty liver
and the metabolic syndrome. In this way, the health-related
outcomes of AST, ALT, and GGT values and the needed
optimal frequency of their visiting would be determined.
The health benefits of screening for fatty liver and other
components of metabolic syndrome seems as necessary
as performing tests for evidence of viral hepatitis B and C
infections.
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Abstract
AIM: To assess whether radiation dose and duration of
treatment influence local control and survival of patients
with locally advanced anal cancer treated with definitive
chemoradiation.
METHODS: Twenty-eight consecutive patients who
were treated with definitive radiation therapy for bulky
anal cancers (> 5 cm in size) were reviewed. Nineteen
patients had T3 lesions, 8 patients had T4 lesions, and
15 patients had lymph node involvement. The median
tumor size was 7.5 cm. All but one patient received
concurrent chemoradiation. The median radiation dose
was 54 Gy. The median duration of treatment was 58 d.
RESULTS: With a median follow-up of 2.5 years in all
patients and 7.8 years in living patients, the 2-year local
recurrence-free probability was 57% and overall survival
rate was 67%. Neither radiation dose nor duration of
treatment alone was predictive of either time to local
failure or overall survival. However, longer treatment
breaks can potentially mask an advantage over higher
radiation doses. Therefore, we examined those patients
who received ≥ 54 Gy within 60 d, comparing them to
the rest of the patients. Of patients who received ≥ 54
Gy within 60 d, local progression-free probability was
89% versus 42% for the rest of the group (P = 0.01).
CONCLUSION: Local failure is a significant problem in
locally advanced carcinomas of the anal canal. Higher
radiation doses with limited treatment breaks may offer
an increase in local control and survival.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Combined chemoradiation has been established as
the standard treatment for epidermoid anal cancer by
randomized trials that have demonstrated improvements
in local control and disease free survival compared to
radiation alone [1,2] . Administered with radiation, the
combination of 5-flurouracil (5-FU) and mitomycin C
is the regimen of choice, providing superior disease-free
survival compared to 5-FU alone[3]. However, for locally
advanced anal cancer, especially lesions greater than 5 cm,
local control rates of only 50% have been achieved[4,5].
Higher radiation dose has been shown to improve
outcome in some studies[6-9]. A phase Ⅱ radiation dose
escalation trial for anal cancer performed by the Radiation
Therapy Oncology Group (RTOG) showed increased
colostomy rates with increased doses compared to patients
treated with a lower dose in a previous RTOG trial[10]. The
worse outcome may in part be attributed to a mandatory
2 wk break in this trial. It is unclear if increasing the
radiation dose in patients with locally advanced anal cancer
receiving combined modality therapy will improve the
results compared with doses of 45-50 Gy[10].
In order to assess whether higher radiation doses
improve clinical outcome for patients with locally advanced
anal cancer, we retrospectively reviewed treatment
outcomes of patients with bulky (> 5 cm) epidermoid anal
cancer. Radiation dose, treatment time, as well as patient,
tumor and treatment related factors were evaluated for
prognosis.

MATERIALS AND METHODS
Subjects
This work has been approved by the Institutional Review
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Board of the University of California, San Francisco.
Between 1982 and 2000, 28 consecutively treated patients
underwent definitive radiation therapy for documented
bulky anal cancers (disease greater than 5 cm in primary
tumor or lymph nodes). Patients who had local excision
prior to radiotherapy were excluded. Of 28 patients, 27
had bulky disease at primary sites and one had bulky
lymph node disease. One patient was treated for bulky
recurrent disease after abdominoperineal resection.
Treatment
One patient declined treatment with chemotherapy and
was treated with radiation alone, while the other 27 patients
received concurrent chemoradiation. Chemotherapy
consisted of 5-FU and mitomycin C in 23 patients,
5-FU and cisplatin in one patient and 5-FU alone in
three patients. 5-FU was given at 1000 mg/m2 over 4 d.
Generally mitomycin C was given at 10 mg/m2. Cisplatin
was given at 75 mg/m2 every 4 wk. One patient was treated
with induction 5-FU and cisplatin with progressive disease,
followed by 5-FU and mitomycin C concurrently with
radiation. All patients received 2 cycles of chemotherapy
generally at an inter val of 4 wk concur rently with
radiation, except for one patient who died of fulminant
hepatitis after receiving only one cycle of chemotherapy.
Two patients received 5-FU alone during the second cycle
after severe hematologic toxicity associated with the first
cycle of chemotherapy with 5-FU and mitomycin.
Radiation was administered utilizing 6 or 18 MV
photons. Treatment fields were AP/PA to the whole pelvis
and bilateral inguinal regions, followed by a lateral field
boost plus/minus electron field boost to cover the inguinal
regions. The first field reduction was at 30.6 Gy to the true
pelvis, followed by subsequent field reductions at 36 Gy
and 45 Gy. For patients who had a CD4 count < 200, the
initial field was the true pelvis to minimize toxicity. Before
1985, radiation doses of 40-50 Gy were planned, while
after 1985, target radiation doses were increased to 54-60
Gy. Five patients did not receive the planned doses of
radiation, secondary to toxicity in 3 patients, receiving 36
Gy, 50.4 Gy and 51.4 Gy, respectively, and noncompliant
in 2 patients, receiving 50.4 Gy and 45 Gy, respectively.
The radiation doses ranged from 31 to 65 Gy, with a
median of 54 Gy. The dose per fraction ranged from 1.6
to 2.0 Gy once daily. The lower dose per fraction of 1.6 to
2.0 Gy was used in the early 80’s when radiation was first
used concurrently with chemotherapy.
Follow-up
All the patients were evaluated at least once a week during
radiotherapy. The patients were then evaluated every 1-2
mo for the first 6 mo, followed by every 3 mo for the
next 6-12 mo, every 4-6 mo from 18 mo through 3 years,
and annually thereafter. At each follow-up visit, a physical
examination, including digital rectal examination, and
palpation of the inguinal regions was performed. Acute
and late effects on normal tissues were graded according
to the CTCAE v3 scoring criteria.
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Table 1 Distribution of patients by the 2002 American Joint
1
Committee on Cancer Staging Classification
Stage

N0

N1

N2

N3

Total

T3
T4
Total

6
6
12

3
0
3

6
1
7

4
1
5

19
8
27

1

One patient who had recurrent disease with an initial stage of T2N0 was not
included in this table.
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Figure 1 Kaplan-Meier estimate of the probability of local freedom from
progression.

Statistical analysis
This is a retrospective analysis of treatment outcomes
for bulky anal carcinoma treated at UCSF. Descriptive
statistics (mean, median, and proportions) were calculated
to characterize the patient, disease, and treatment
features. Estimates of survival rates and recurrencefree probabilities were calculated using the Kaplan-Meier
product limit method. Durations were calculated from the
date of diagnosis. Univariate analyses were performed to
evaluate factors that may be predictors of outcome. The
log rank test was used to compare distributions of subsets.

RESULTS
Patient characteristics
The cohort included 10 women and 18 men with a median
age of 63 years (range 30-79 years). Eight patients had
cloacgenic carcinoma and 20 patients had squamous cell
carcinoma. Table 1 shows the T- and N-stage distributions
of the patients according to the 2002 AJCC staging
classification. Nineteen patients had T3 lesions, 8 patients
had T4 lesions, 1 had recurrent disease and 15 patients had
pathologically involved lymph nodes. The median tumor
size was 7.5 (range 5.5-12) cm. Four patients were human
immunodeficiency virus (HIV) positive with CD4 counts
of 63 180 238 and 347, respectively.
Treatment outcome
With a median follow-up of 2.5 (range 0.2-17.3) years for
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Figure 2 Kaplan-Meier estimate of the probability of overall survival.

all patients and 7.8 (range 1.1-17.3) years for living patients,
the 2-year and 5-year local recurrence-free probabilities
and 95% confidence intervals (CI) were 57% (95% CI:
37%-73%) and 52% (95% CI: 32%-69%), respectively
(Figure 1). The 2- and 5-year overall survival estimates
were 67% (95% CI: 46%-81%) and 54% (33%-71%),
respectively (Figure 2). The 2- and 5-year colostomy-free
survival estimates were 42% (95% CI: 24%-60%) and 33%
(95% CI: 16%-51%), respectively. Sixteen patients had
persistent abnormalities at the completion of radiotherapy.
In 12 of the 16 patients, biopsies of the persistent
abnormalities revealed pathological documentation of
residue disease in 5 patients. The single patient with a
bulky lymph node experienced a lymph node failure, with
a concurrent distant failure 25 mo after diagnosis. In the
4 patients who were HIV positive, 2 experienced local
failures, 1 experienced a regional failure, and one died of
fulminant hepatitis during treatment after receiving only
36 Gy, presumably secondary to chemotherapy. In patients
treated with 5-FU alone with concurrent radiation, 2 out
of 3 experienced local failures. The patient who did not
receive any chemotherapy also had a local recurrence.
Toxicity
Acute side effects of radiation therapy and chemotherapy
were moderate to severe. Twenty patients had acute
grade 3 or 4 toxicities including 15 patients with grade
3 der matological toxicities, 1 patient with g rade 3
gastrointestinal toxicity, and 5 patients with grade 3 and
4 with grade 4 hematologic toxicities. The worst acute
toxicity was dermatological in 10 patients, hematologic
in 5 patients, both dermatological and hematologic in 4
patients, and gastrointestinal in 1 patient. In patients who
received ≥ 54 Gy, 15 out of 17 patients experienced grade
3 or 4 toxicity, compared to 5 out of 11 patients who
received less than 54 Gy. In the 4 patients who were HIV
positive, one did not have any grade 3 or 4 acute toxicity,
one had grade 3 dermatological toxicity, 1 had grade 3
dermatological and hematologic toxicities, 1 had grade 3
dermatological toxicity and grade 4 hematologic toxicity
and died of fulminant hepatitis after receiving 30 Gy of
radiation.
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Figure 3 Kaplan-Meier estimate of the probability of local freedom from
progression in comparison of patients with T3 versus T4 disease.

The median duration of treatment was 58 (range
31-112) d. In patients who received ≥ 54 Gy, the median
duration of treatment was 60 d compared to 44 d in those
who received < 54 Gy. Twenty-two patients had treatment
breaks longer than 3 d. Ten patients had only one
treatment break and 12 had more than 1 treatment break.
The median length of total treatment breaks was 11 (range
0-53) d. Twelve patients had treatment breaks totaling
longer than 14 d. The median dose at the first treatment
break was 30.6 (range 3.6-52.2) Gy. Three patients had
treatment breaks due to non-compliance, and the rest of
patients due to toxicity. For patients who received ≥ 54
Gy, 16 out of 17 patients had a break longer than 3 d,
compared to 6 out of 11 patients who received < 54 Gy.
Disease control
Univariate analyses revealed that male gender and HIV
infection were each associated with worse overall survival
(P = 0.02 and P = 0.01, respectively). Excluding HIV
positive patients, male gender demonstrated a trend
towards worse survival (P = 0.08). There was no significant
difference in local control (Figure 3) or survival when
comparing patients with T3 and T4 disease. Nodal stage,
tumor size and type of chemotherapy were not predictive
of either time to failure or overall survival. Neither
radiation dose nor duration of treatment alone was
statistically associated with either time to failure or overall
survival.
Time and dose consideration
Even though radiation dose or duration of treatment alone
was not statistically correlated with either time to failure
or overall survival, these two factors were interrelated.
Patients who received ≥ 54 Gy were more likely to
experience treatment breaks resulting in longer treatment
duration, potentially masking an advantage over higher
radiation doses. Therefore, we examined those patients
who received ≥ 54 Gy within 60 d, and compared them
to the rest of the group (Figure 4). Patients who received
≥ 54 Gy within 60 d had significantly improved local
progression-free and overall survival rates compared to
www.wjgnet.com
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Table 2 Subgroup analysis of local control based on total
radiation dose and overall treatment time

b

Fraction of patients
controlled locally

High dose (> 54 Gy)

Low dose (< 54 Gy)

Short duration (≤ 60 d)
Long duration (> 60 d)

8/9b
2/8

4/9
1/2

P = 0.01 vs the rest of the subgroups.

February 14, 2007

DISCUSSION
In the current study, neither total radiation dose nor
treatment time alone was prognostic for local control or
survival. The two factors were interrelated in that it took a
longer treatment time to deliver an overall higher radiation
dose: 35 d for 45 Gy and 45 d for 60 Gy. In addition,
higher radiation doses resulted in higher toxicity rates and
therefore a higher likelihood of treatment breaks. In this
study, patients who received ≥ 54 Gy within 60 d had
significantly improved local progression-free (Figure 4)
and overall survival compared to those whose treatment
spanned longer than 60 d or who received less than 54 Gy.
This confirms a dose response in the treatment of locally
advanced anal cancer with chemoradiation, although
prolonged treatment breaks negate the advantage of
higher dose.
Total radiation dose has been shown to impact outcome
in anal carcinoma treated with combined chemoradiation[6-9].
Constantinou et al[6] found that radiation doses of ≥ 54
Gy were associated with significantly improved survival
(84% vs 47%) and local control (77% vs 61%) in anal
cancer patients treated with chemoradiation. About 30%
of patients in their study had T3 or T4 lesions. In a group
of patients treated with chemoradiation using continuous
infusion of 5-FU, local control increased from 50% in
those receiving < 45 Gy, to 73% in those receiving 50-54
Gy and 83% in those receiving > 60 Gy[9]. Nigh et al[8]
reported a dose response with improved local control at
higher doses: 64% at < 45 Gy, 77% at 45-55 Gy and 92%
at > 55 Gy. At MD Anderson, local control was 50% for
all stages receiving 45-49 Gy and 90% for those patients
receiving greater than or equal to 55 Gy[7].
Overall treatment time has similarly been shown to
impact outcome in treatment of anal cancer[10-15]. In the
www.wjgnet.com
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0.25

those whose treatments spanned longer than 60 d or who
received less than 54 Gy (2-year local progression-free and
overall survival probabilities of 89% (95% CI: 43%-98%)
and 100% for treatments within 60 d compared to 42%
(95% CI: 20%-62%) and 53% (95% CI: 29%-72%) for the
rest of the group (P = 0.01 and P = 0.02, respectively). Of
patients who received ≥ 54 Gy, 8 out of 9 patients were
locally controlled if the treatment was completed within
60 d. However, for those patients who received ≥ 54 Gy
with treatment durations longer than 60 d, only 2 out of
8 were locally controlled. For those patients who received
less than 54 Gy, only 5 out of 11 were locally controlled
(Table 2). The mean total dose in patients who received
less than 54 Gy was 46 Gy.
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Figure 4 Kaplan-Meier estimate of the probability of local freedom from
progression comparing patients who received > 54 Gy within 60 d vs the rest of
the patients.

second phase of the dose escalation study RTOG 9208
without the mandatory break, the 1-year colostomy
rate decreased from 23% to 11%[10,14]. In an European
Organization for Research and Treatment of Cancer
(EORTC) trial with a similar design to RTOG 9208
including a 2 wk break at 36 Gy (but slightly different
chemotherapy with 5-FU given continuously during
radiation), the 3-year local control and colostomy-free
interval were 88% and 81% respectively, which compared
favorably to the earlier EORTC randomized trial with a 6
wk break and mitomycin C given only on the first day of
radiation[12]. Built in breaks > 37.5 d correlate with poorer
loco-regional control in patients treated with a median of
40 Gy to the pelvis and a 20 Gy boost with either external
beam radiation or brachytherapy[15]. Ceresoli et al[13] found
that overall treatment times longer than 70 d were related
to a worse disease-free survival in a group of patients
treated with a median radiation dose of 56 Gy. Overall
treatment times > 75 d were associated with poorer local
control (69% vs 85%) in a study by Allal[11].
Increased toxicities have been observed in patients
treated with higher radiation doses. In the second phase
of the dose escalation study RTOG 9208 without the
mandatory break, 50% of patients required treatment
interruptions lasting at least 7 d. In our study, 71% of
patients had treatment breaks longer than 3 d. Fourteen
patients had grade 3 or greater dermatological toxicities
requiring treatment breaks. One way to decrease toxicities
is to use conformal radiation therapy. Indeed, one study
showed that conformal radiotherapy enhanced tolerance
to treatment, shortened treatment time to 6 wk and
significantly decreased acute toxicities[16]. In another study,
intensity-modulated radiotherapy (IMRT) improved
conformality and reduced normal structure dose without
compromising local control in the treatment of anal
cancer[17]. We have investigated the potential to improve
coverage of tumor volumes while maximizing sparing of
normal tissues such as the skin and bowel using IMRT and
have adopted IMRT as the preferred treatment technique
for locally advanced anal cancer. Grade 3 or greater
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hematologic toxicity was observed in 9 patients. Cisplatinbased combined modality therapy may generate less acute
toxicity and a wider therapeutic index. In a retrospective
analysis of patients treated with 55 Gy of radiation and
continuous infusion of cisplatin and 5-FU, local control
and survival were comparable to the best results reported
with mitomycin C and 5-FU, with greater than 90%
of patients completing treatment without significant
treatment interruptions[18].
Hoffman et al[19] previously reported our institutional
experience of treating HIV positive anal cancer patients
with chemoradiation. Excellent disease control with
acceptable morbidity was achieved in patients with a CD4
count of greater than or equal to 200[19]. There were 4 HIV
positive patients with locally advanced disease in the group
reported herein. Their disease control and survival were
poor and toxicities were significant, although the small
number of patients precluded firm conclusions regarding
the role played by their HIV status.
The ideal chemotherapy regimen has yet to be
established. An Eastern Oncology Group trial tested
concurrent cisplatin, 5-FU, and 59.4 Gy of radiation with
a 2-wk break after 36 Gy, which resulted in a complete
response rate of 68%[20]. Adjuvant chemotherapy after
combined chemoradiation is being tested in the ACT Ⅱ
randomized trial from the United Kingdom[21]. The recently
closed randomized trial RTOG 9811 compares concurrent
chemoradiation with 5-FU and mitomycin C versus
induction chemotherapy and concurrent chemoradiation
with 5-FU and cisplatin. In addition, for T3, T4, node
positive and any lesions with residual disease after 45 Gy,
a boost of 10-14 Gy is included to achieve total doses of
55-59 Gy. The result from this trial may answer some of
the questions pertaining to the best treatment regimen for
anal cancer.
In conclusion, local failure is a significant problem in
locally advanced carcinomas of the anal canal. Although
the number of patients in this study was relatively small,
we believe that higher radiation doses with limited
treatment breaks may offer an increase in local control and
survival.
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and treatment time in locally advanced anal cancer.

Applications

To achieve improved local control in locally advanced anal cancer patients,
radiation doses of at least 54 Gy should be given concurrently with chemotherapy.
Treatment breaks should be minimized to realize the effect of the higher doses
of radiation. Modern techniques such as intensity-modulated radiotherapy may
be a means to deliver higher doses of radiation while minimizing toxicities and
treatment breaks.

Terminology

Total radiation dose is the final dose that is delivered to the gross tumor. Overall
treatment time is the entire duration of radiation from beginning to end including
any mandatory or elective treatment breaks. Intensity-modulated radiotherapy is a
technique which delivers radiation in multiple fields of varying radiation intensity so
that the dose distribution can be highly conformal around the target and minimizing
doses to nearby critical tissues.

Peer review

The paper addresses one of the controversies in the field, that is, whether higher
radiation dose improves outcome in locally advanced anal cancer. The data
suggests higher radiation dose with shorter treatment duration improves outcome
in this group of patients.
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Abstract
AIM: To investigate retrospectively the long-term effect
of endoscopic sphincterotomy (ES) including exocrine
pancreatic function in patients with stenosis of ampulla
of Vater.
METHODS: After diagnostic endoscopic retrograde
cholangiopancreatography (ERCP) and ES because of
stenosis of the ampulla of Vater (SOD Type Ⅰ), followup examinations were performed in 60 patients (mean
follow-up time 37.7 mo). Patients were asked about clinical signs and symptoms at present and before intervention using a standard questionnaire. Before and after ES
exocrine pancreatic function was assessed by determination of immunoreactive fecal elastase 1. Serum enzymes
indicating cholestasis as well as serum lipase and amylase were measured.
RESULTS: Eighty percent of patients reported an improvement in their general condition after ES. The fecal
elastase 1 concentrations (FEC) in all patients increased
significantly after ES. This effect was even more marked in
patients with pathologically low concentrations (< 200 μg/g)
of fecal elastase prior to ES. The levels of serum lipase and
amylase as well as serum alcaline phosphatase (AP) and
gamma-glutamyltranspeptidase (GGT) decreased significantly after ES.
CONCLUSION: The results of this study demonstrate
that patients with stenosis of the ampulla of Vater can
be successfully treated with endoscopic sphincterotomy.
The positive effect is not only indicated by sustained
improvement of clinical symptoms and cholestasis but
also by improvement of exocrine pancreatic function.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Endoscopic sphincterotomy (ES) has been introduced as a
treatment for sphincter of Oddi dysfunction (SOD)[1,2]. At
least in SOD type I, which is caused by structural changes of
the papilla in the majority of patients, ES is the treatment of
choice[3,4]. In most of the recent papers the focus of clinical
interest has been put on aspects of cholestasis.
Gallstones, bile duct microlithiasis and sludge may
repeatedly induce ductal lesions leading to obstruction
and stenosis of the papilla of Vater[5-7]. In addition to
the resulting problems concerning the bile duct system,
chronic obstruction of the papilla of Vater may also
contribute to lesions of the pancreas. This might also
play a role in the pathogenesis of chronic pancreatitis.
Segmental or diffuse dilation of the main pancreatic duct
as part of the spectrum of chronic pancreatitis has given
rise to the concept of obstruction and pancreatic ductal
hypertension as an important pathogenetic mechanism of
chronic pancreatitis[8,9]. Data from an autopsy study also
showed that the incidence of chronic pancreatitis is higher
in patients with gallstones which emphasises the role of
gallstones, sludge and papillary stenosis in the pathogenesis
of chronic pancreatitis[10].
The former gold standard imaging technique, endoscopic
retrograde cholangiopancreaticographie (ERCP), is based
on ductal abnormalities. Pancreatographic changes correlate
with exocrine dysfunction [11]. As an indirect pancreatic
function test measurement of fecal elastase-1 concentrations
(FEC) shows a 93%-100% sensitivity for moderate and
96%-100% sensitivity for severe exocrine pancreatic
insufficiency as well as a specificity of 93%-98%[12,13].
The aim of this study was to investigate the longterm effects of ES not only regarding clinical symptoms
www.wjgnet.com
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and parameters of cholestasis, but also with a focus on
exocrine pancreatic function.
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Table 1 ERCP findings in 60 patients
Patients n (%)

MATERIALS AND METHODS
Patients
Nineteen male and 41 female patients aged between 21 and
80 years (mean age 57.4 ± 15.2 years) were investigated
retrospectively. The follow-up period averaged 37.7 ± 7.0
mo (ranging from 28-51 mo). The mean body mass index
was 24.4 ± 4.0 kg/m² (ranging from 18.4-35.5 kg/m²).
All patients, who initially presented with signs
of either cholestasis or pancreatic inflammation and
abdominal complaints, underwent ERCP and endoscopic
sphincterotomy (ES) in our department after giving their
informed consent. The period between the first ES and
follow-up averaged 37.7 mo. Follow-up consisted of
assessing clinical and laboratory data of the patients before
and after ES by using the patients’ records and personal
interviewing based on a standardized questionnaire.
Patients with malignancy of the pancreas and/or the bile
duct system were not included.
ERCP and ES
All patients underwent ERCP and ES in our department.
All procedures were perfor med by one experienced
investigator using standard techniques. Radiological
changes of the pancreatic duct system were evaluated
according to the Cambridge classification[14]. In all patients
ES was perfor med because of SOD type 1 [clinical
symptoms, laboratory findings and findings in imaging
techniques (ultrasound or ERCP)]. For ES a single use
precurved sphincterotome (Wilson-Cook Medical Inc.,
NC, USA) and a single use guidewire 0.18 inch (Medwork,
Neuss, Ger many) were used. ES was perfor med as
sphincterotomy of the pancreatic and/or biliary segment
of the sphincter of Oddi. Some patients underwent ES
more than once because of recurrent symptoms and/or
signs of cholestasis and/or pancreatic inflammation. In
some cases a precut of the papilla was necessary.
Questionnaire
The questionnaire included the following items: age, sex,
and body mass index (BMI). The intensity of clinical
symptoms such as nausea, emesis, and quantity of
abdominal pain were assessed using the visual analogue
scale (0 = not present, 10 = maximum complaint).
Laboratory methods
Blood samples were taken routinely prior to and after
ES and checked for the following parameters: serum
lipase (normal range 20-160 U/L ), serum alpha-amylase
(< 53 U/L), serum aspartate aminotransferase (AST/
SGOT; male 5-20, female 5-17 U/L), serum alanine
aminotransferase (ALT/SGPT; male 5-23, female 5-17
U/L), alcaline phosphatase (AP; male adult 60-170 U/L,
female adult 40-160 U/L), gamma-glutamyltranspeptidase
(GGT; male 6-28 U/L, female 4-18 U/L), and bilirubin
(< 1.0 mg/dL). Fecal elastase-1 was determined by ELISA
using two monoclonal antibodies specific for human
www.wjgnet.com

Papilla
Papillitis (chronic/acute)
Periampullary diverticulum

20 (33)
7 (12)

Pancreas
Pancreas divisum

0

Pancreatitis Cambridge 0

2 (3)

Pancreatitis Cambridge Ⅰ

11 (18)

Pancreatitis Cambridge Ⅱ

25 (42)

Pancreatitis Cambridge Ⅲ

10 (17)

No pancreatogram

12 (20)

Bile duct system
Cholangitis

10 (17)

Biliary sludge and stones

15 (25)

Bile duct dilation (any)

31 (52)

Common bile duct stenosis

4 (6 )

Negative cholecystography

7 (12)

Table 2 Amount and kind of sphincterotomies in 60 patients
Patients n (%)
Biliary sphincterotomy
Pancreatic spincterotomy
Both

35 (58)
3 (5)
22 (37)

Amount of necessary sphincterotomies
One

34 (57)

Two

10 (17)

Three

9 (15)

Four and more

7 (12)

elastase-1, which bind to different epitopes of the enzyme
(elastase-1 stool kit; Schebo-Biotech, Giessen, Germany).
Results were expressed in μg/g stool. Values < 200 μg/g
were considered to represent exocrine insufficiency,
values > 200 μg/g were regarded as normal.
Statistical analysis
Results are expressed as mean ± SD and range of values
if not otherwise indicated. Statistics were carried out
by the Statistical Package for Social Sciences (SPSS) for
Windows, version 11.01. Wilcoxon-test was performed to
test for significant differences between pre-treatment and
post-treatment values. P < 0.05 was considered statistically
significant.

RESULTS
Table 1 shows findings in ERCP, Table 2 indicates the
amount as well as the kind of ES (biliary/pancreatic
sphincterotomy). Fifty patients (83%) showed either
impaired exocrine pancreatic function (fecal elastase-1 <
200 μg/g) or were classified as Cambridge Ⅰ-Ⅲ based on
radiological changes of the pancreas irrespective of the
initial indication for ERCP.
Clinical symptoms
After ES, 80% of the patients reported a general relief of
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Figure 2 Levels of
fecal elastase-1 of
patients with initially
impaired exocrine
pancreatic function
(< 200 μg/g; n = 26)
prior to and after
endoscopic sphincterotomy. Medians
and interquartiles
given.
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Figure 1 Clinical symptoms prior to and after endoscopic sphincterotomy due to
the visual analogue scale (0 = not present, 10 = maximum complaint), n = 55.

symptoms, 6.7% reported the same general condition by
their own assessment, whereas only 5.0% reported a worse
condition. No data were given in 8.3% of all patients. There
was a significant reduction of clinical symptoms such as
nausea, emesis and abdominal pain after ES (Figure 1).
Laboratory findings
Serum enzymes indicating cholestasis such as Gammaglutamyltranspeptidase, alcaline phosphatase and bilirubin
showed a significant reduction after ES. Serum alphaamylase and serum lipase also significantly decreased to
normal levels after ES (data given in Table 3).
Exocrine pancreatic function
In all the 60 patients, fecal elastase-1 increased significantly
from a mean of 264.38 ± 184.01 μg/g (range 10-741 μg/g)
prior to ES to 337.05 ± 185.35 μg/g (range 10-816 μg/g)
after ES (P < 0.05) (Figure 2). In patients with very low
levels of fecal elastase-1 (< 200 μg/g) prior to ES, fecal
elastase-1 rose significantly from a mean of 82.46 ± 60.22
μg/g (range 15-187 μg/g) to 253.42 ± 200.18 μg/g (range
10-705 μg/g) after ES (P = 0.001). In seven patients with
fecal elastase-1 levels between 200 and 300 μg/g prior to
ES, fecal elastase-1 increased significantly from a mean
of 262 ± 36.47 μg/g (range 212-297 μg/g) prior to ES to
442.29 μg/g (range 360-610 μg/g) after ES (P = 0.018).

DISCUSSION
In sphincter of Oddy dysfunction (SOD), especially in type
1 displaying structural changes of the papilla in most cases,
endoscopic sphincterotomy (ES) has been introduced as
a definitive treatment[3]. Most of the available research
efforts focus on the beneficial effects of ES concerning
clinical symptoms and parameters of cholestasis. In the
present study all patients with cholestatic problems prior
to ES showed an improvement after treatment. In 94%
of our patients biliary sphincterotomy could effectively
improve cholestasis as indicated by the normalized GGT
and AP. Obviously these positive effects, lasting a mean
of three years so far, are results from optimized biliary
drainage without stenting. This is remarkable because
pancreatobiliary drainage by endoscopic placement of an

Table 3 Levels of GGT, AP, bilirubin, serum lipase and serum
alpha-amylase in all patients (n = 60) prior to and after
endoscopic sphincterotomy (mean ± SD)

GGT (U/L )
AP (U/L )
Bilirubin (mg/dL)
Serum lipase (U/L )
Serum amylase (U/L )

Prior to ES

After ES

102.13 ± 146.21
(range 4-711)
205.23 ± 214.88
(35-1645)
1.4 ± 2.44
(0.3-15.0)
817.37 ± 1391.45
(11-7200)
192.92 ± 336.44
(15-1714)

41.02 ± 69.24
(range 7-337)
146.62 ± 135.2
(36-1047)
0.65 ± 0.75
(0.1-6.0)
29.60 ± 13.18
(6-71)
61.63 ± 19.98
(21-102)

P
= 0.001
= 0.001
< 0.001
< 0.001
< 0.05

ES: Endoscopic sphincerotomy.

endoprothesis (needing exchange of stents at intervals of
2 to 4 mo) is accompanied with complications and shows
poor long-term results[15,16].
Since papillary stenosis has been suggested to play a
possible role as a pathogenetic factor in pancreatitis[6,17,18],
the present study included patients with pancreatitis type
symptoms and focused on changes in exocrine pancreatic
function. Therapeutical approaches in patients with
chronic pancreatitis aim to alleviate pain, prevent attacks of
pancreatitis, reduce the effects of pancreatic insufficiency
and manage complications no matter what the etiology
of chronic pancreatitis might be. Medical management
may include oral analgesics, enzymatic replacement,
diet, and abstinence from alcohol. If obstruction of
the pancreatic duct is present, invasive options must be
considered. Endoscopic therapeutic techniques such as
insertion of endoprothesis, balloon or catheter dilation or
sphincterotomy are applied increasingly[19]. The facilitation
of pancreatic ductal drainage should lead to a reduction of
ductal pressure which is the rationale for the endoscopic
intervention. The exact role of increased pressure in the
pancreatic ductal system in the pathogenesis of chronic
pancreatitis is not known, although elevated pressures
have been documented in different animal models
and human beings [20-22] . It was reported that patients
with chronic pancreatitis and pain have higher main
pancreatic duct pressures than controls and experience
pain relief after surgical decompression[23]. Cholelithiasis,
bile duct microlithiasis and biliary sludge might induce
www.wjgnet.com
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papillitis or papillary stenosis followed by recurrent or
permanent elevation of pancreatic ductal pressure with
the consequence of chronic pancreatitis. This role of
cholelithiasis and sludge in the pathogenesis of chronic
pancreatitis still remains a controversy. However, several
reports indicate that in patients who are thought to have
‘idiopathic’ pancreatitis, bile duct microlithiasis, sludge
and bile crystals may account for the pancreatitis [24-28].
There are individual reports on patients with sphincter
of Oddi dysfunction or stenosis and recurrent episodes
of pancreatitis which have been treated successfully with
sphincterotomy.
In this study the long term effect of ES on pancreatic
function and clinical symptoms of 60 patients with
stenosis of ampulla of Vater was investigated. Regarding
the clinical symptoms such as abdominal pain, nausea and
emesis, most of our patients (80%) experienced a longterm improvement after ES. In the majority of patients we
could also observe an improvement of exocrine pancreatic
function as measured by FEC. It must be stressed that the
follow-up study was performed at least 28 mo (maximum
51 mo) after endoscopic treatment. Other studies have
reported similar immediate symptomatic improvements
in patients who underwent dilation of the pancreatic duct
followed by placement of an endoprothesis, but the longterm results are not very promising as symptomatic stent
occlusion often occurs[15,29]. As reported elsewhere[30], in
some of our patients several sphincterotomies (up to six)
had to be performed, if symptoms and pathological
laboratory findings persisted. It appears possible, that
recurrent cholestasis or clinical symptoms can be caused
by papillary restenosis which is a known complication
of sphincterotomy, usually occur ring years after
intervention [31]. We think that the patients’ long-term
clinical improvement concerning pancreatic pathology
is due to a decrease of pancreatic ductal pressure after
overcoming the underlying pathogenetic factor of
papillary stenosis. Few of our patients (11.7%) reported no
improvement or even aggravation in their clinical condition
after ES. Most of these cases were classified as chronic
pancreatitis Ⅲ according to the Cambridge-Classification.
They showed persisting impaired exocrine pancreatic
function after ES indicated by persisting reduced FEC.
This sub-group of patients had proven advanced structural
and functional abnor malities, which were probably
progressive and irreversible. Since pain is often a cardinal
symptom of chronic pancreatitis, many studies focus on
it beside other clinical symptoms when judging the effect
of treatment. This is the first time that the effect of
endoscopic spincterotomy on exocrine pancreatic function
based on fecal elastase-1 was investigated. In summary, all
patients showed a significant increase in fecal elastase-1
levels after ES, which was even more marked in patients
with pathologically low concentrations of fecal elastase-1
prior to ES, indicating that endoscopic sphincterotomy has
positive effects on exocrine pancreatic function. A similar
effect was found in patients with low, but still normal fecal
elastase-1 levels (200-300 μg/g) prior to ES. The results are
due to effective treatment of the underlying ethiological
factor which leads to normalized ductal pressure of the
pancreas and regeneration of pancreatic parenchyma. In
www.wjgnet.com
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contrast to the common belief of irreversibel structural
and functional impairment of the pancreas in chronic
pancreatitis, the findings of the present study confirm
that there is at least a subset of patients with chronic
pancreatitis in which a recovery of functional capacity is
possible[32].
In conclusion, patients with stenosis of the ampulla
of Vater can be successfully treated with endoscopic
sphincterotomy. The positive effect is indicated not
only by sustained improvement of biliary type clinical
symptoms and laboratory markers of cholestasis, but
also by improvement of exocrine pancreatic function and
pancreatitis type clinical symptoms. Without question
there is a need for prospective, randomized, controlled
trials which investigate endoscopic sphincterotomy versus
pancreatobiliary stenting and conservative medical therapy
in chronic pancreatitis.
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Abstract
AIM: to compare the feasibility and patients’ tolerance
of esophagogastroduodenoscopy (EGD) using a thin
endoscope with those of conventional oral EGD and to
determine the optimal route of introduction of smallcaliber endoscopes.
METHODS: One hundred and sixty outpatients referred
for diagnostic EGD were randomly allocated to 3
groups: conventional (C)-EGD (9.8 mm in diameter),
transnasal (TN)-EGD and transoral (TO)-EGD (5.9 mm
in diameter). Pre-EGD anxiety was measured using a
100-mm visual analogue scale (VAS). After EGD, patients
and endoscopists completed a questionnaire on the
pain, nausea, choking, overall discomfort, and quality
of the examination either using VAS or answering some
questions. The duration of EGD was timed. Blood oxygen
saturation (SaO2) and heart rate (HR) were monitored
during EGD.
RESULTS: Twenty-one patients refused to participate
in the study. The 3 groups were well-matched for age,
gender, experience with EGD, and anxiety. EGD was
completed in 91.1% (41/45), 97.5% (40/41), and 96.2%
(51/53) of cases in TN-EGD, TO-EGD, and C-EGD groups,
respectively. TN-EGD lasted longer (3.11 ± 1.60 min)
than TO-EGD (2.25 ± 1.45 min) and C-EGD (2.49 ± 1.64
min) (P < 0.05). The overall tolerance was higher (P <
0.05) and the overall discomfort was lower (P < 0.05) in
TN-EGD group than in C-EGD group. EGD was tolerated
“better than expected” in 73.2% of patients in TN-EGD
group and 55% and 39.2% of patients in TO-EGD and
C-EGD groups, respectively (P < 0.05). Endoscopy was
tolerated “worst than expected” in 4.9% of patients in
TN-EGD group and 17.5% and 23.5% of patients in TOEGD and C-EGD groups, respectively (P < 0.05). TN-EGD
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caused mild epistaxis in one case. The ability to insufflate
air, wash the lens, and suction of the thin endoscope
were lower than those of conventional instrument
(P < 0.001). All biopsies performed were adequate for
histological assessment.
CONCLUSION: Diagnostic TN-EGD is better tolerated
than C-EGD. Narrow-diameter endoscope has a level of
diagnostic accuracy comparable to that of conventional
gastroscope, even though some technical characteristics
of these instruments should be improved. Transnasal
EGD with narrow-diameter endoscope should be
proposed to all patients undergoing diagnostic EGD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Esophagogastroduodenoscopy (EGD) is a safe and quick
procedure, and can be carried out without sedation [1].
However, it can evoke anxiety, feelings of vulnerability,
embarrassment, and discomfort[2]. The fears and concerns
associated with the endoscopic procedure decrease patient's
compliance, making EGD execution more difficult[2-4], and
in many countries EGD is performed using conscious
sedation[5]. Although usually safe, sedation is not free from
adverse effects[6-8], and produces a 30%-50% increase of
the EGD costs, either direct (medications, additional time
required to sedate and recover the patients, additional
personnel needed to monitor the patients) or indirect (time
lost from work by both the patient and patient’s escort)[9,10].
N a r r ow- d i a m e te r e n d o s co p es ( < 6 m m) were
developed in the early 1990s with the aim of reducing
patient discomfort and avoiding the cost and risks of
conscious sedation. These endoscopes can also be
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introduced through the nose, as reported by Shaker in
1994[11]. Either this study or a cancer screening program in
Japan[12] showed that the transnasal unsedated procedure is
safe and well tolerated, and allows adequate visualization
of the upper gastrointestinal tract. However, the use
of these endoscopes is still limited to a small subset of
patients[10], even though they have been reported to be
suitable not only for diagnostic purposes, but also for
interventional procedures, such as PEG and placement of
nasoenteric feeding tubes[13-16].
In this randomized trial, we compared the unsedated
small-caliber endoscopy using the transnasal and transoral
routes with unsedated conventional endoscopy. Our
primary aims were to compare the patients’ tolerance to
small-caliber and conventional endoscopes, to determine
the optimal route of introduction of small-caliber
endoscopes, and to evaluate the differences in the general
handling of small-caliber and conventional instruments.
Secondary objectives were to evaluate duration and safety
of the procedure.

MATERIALS AND METHODS
Study population
One hundred and sixty consecutive outpatients,
undergoing elective diagnostic EGD and fulfilling the
eligibility criteria, were randomly assigned to three groups
by a computer-generated randomization list and asked
to participate in the study. Inclusion criteria were age
between 18 and 70 years, and capability (evaluated by
the endoscopist) of fully understanding and filling up
the questionnaire of the study. Exclusion criteria were
history of gastrectomy, esophagectomy, or other uppergastrointestinal (GI) tract surgery, history of sinus or nasal
septum surgery, planned endoscopic therapy, coagulopathy
or anticoagulant therapy, psychiatric diseases or long-term
psychiatric drug addiction, presence of neoplastic or other
serious concomitant diseases, pregnancy.
In the control group (C-EGD), unsedated EGD was
performed with pharyngeal topical anesthesia, using a
Fujinon EG-250WR5 videoendoscope (outer diameter
of the insertion tube is 9.8 mm). In the transnasal-EGD
(TN-EGD) and transoral-EGD (TO-EGD) groups,
unsedated EGD was performed with pharyngeal or nasal
topical anesthesia alone, using a Fujinon EG-270N5
videoendoscope (outer diameter of the insertion tube is
5.9 mm), which was introduced through the nose or the
mouth. The patients underwent EGD in the left lateral
position, and all procedures were carried out by three
endoscopists well trained in unsedated narrow-diameter
transnasal and transoral endoscopy.
The study protocol was approved by the Ethical
Committee of our hospital, and all patients enrolled gave
their written informed consent to participate in the study.
Outcome measurements
Pre-EGD assessment: Age, gender, prior experience
of endoscopic examination, blood oxygen saturation
(SaO2), and heart rate (HR) were recorded. Since anxiety
was hypothesized to be a potential factor of discomfort,
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all patients were asked to rate their pre-EGD anxiety
level using a 100-mm visual analogue scale (VAS), with
100 being the highest level. The patients were asked also
to specify what they dreaded more about endoscopic
examination among the following six items: fear of pain,
fear of vomiting, fear of stifling, fear of complications,
fear of endoscopic findings, and others.
Monitored parameters: SaO2 and HR were continuously
monitored during EGD. An abnormal vital sign was
defined as HR > 130 bpm or decrease in SaO2 below 90%
for over one minute. The duration of EGD was timed
in all patients. A procedure was considered complete if
gastric retroflexion was accomplished, the second portion
of the duodenum was reached, and all indicated biopsies
were obtained. If the transnasal route failed, a switch was
made to the oral route using the same instrument, and
EGD was considered unsuccessful according to the study
design. The occurrence of complications was recorded
after each procedure.
Post-EGD assessment: Data were collected from
both the patient and the endoscopist. The sensation
of pain and overall discomfort were quantified on a
100-mm VAS (0 = non existent, 100 = unbearable), and
the overall tolerance to EGD was assessed as very poor,
poor, fair, good, excellent. Patients scored their sensation
of nausea and choking on a 100-mm VAS, and indicated
also their tolerance by answering the questions of “how
did you tolerate EGD, and what you were expecting?”
and choosing one of the following 3 items: worse than
expected, as expected, better than expected.
Endoscopists scored the level of difficulty in
introduction of the gastroscope on a 100-mm VAS.
Endoscopists’ satisfaction was assessed with 100-mm VAS
for the performances of the endoscopes, with regard to
the adequacy of the view, the air insufflation/washing of
the lens, and suction.
Statistical analysis
Statistical analysis was performed by using Statgraphics V4
(STSC Inc.; Rockville, MD, USA) and SPSS V8 (SPSS Inc.;
Chicago, IL, USA) statistical software packages. Gender
and previous experience of endoscopic examination were
analyzed by the chi square test. Age and pre-endoscopic
anxiety levels were analyzed using the Kruskal-Wallis
non parametric test. Kruskal-Wallis test was also used to
analyze the duration of EGD, difficulty in introduction of
the gastroscope, nausea, choking, and performances of the
endoscope. ANOVA-RM was used to compare physicians’
and patients’ opinions about intubation pain, overall
discomfort, and overall tolerance.
The statistical power of the sample size was also
evaluated, and levels over 90% were found in the most part
of the tests applied. P < 0.05 was considered statistically
significant.

RESULTS
Twenty-one out of 160 patients who were considered
eligible and randomized into TN-EGD group (n = 9), TOEGD group (n = 11), and C-EGD group (n = 1), refused
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Table 1 Demographic and clinical data of the patients

Patients (n)
Gender (m/f)
Age (yr; mean ± SD)
Patients with previous EGD, n (%)
Baseline anxiety score in VAS (mean ± SD)
Baseline oxygen saturation (%; mean ± SD)
Baseline hart rate (bpm; mean ± SD)
Successful completion EGD, n (%)
Duration of EGD (min; mean ± SD)
Tachycardia, n (%)
Blood oxygen desaturation, n (%)
Biopsy during EGD, n (%)
Complications, n (%)

TN-EGD

TO-EGD

C-EGD

P

45
22/23
45.73 ± 12.59
17 (37.7)
45.36 ± 27.71
98.58 ± 1.41
84.92 ± 16.12
41 (91.1)
3.11 ± 1.60
1 (2.4)
0 (0)
19 (46.3)
1 (2.4)

41
15/26
43.92 ± 14.97
17 (41.4)
44.34 ± 32.25
98.48 ± 1.38
86.07 ± 15.80
40 (97.5)
2.25 ± 1.45
1 (2.5)
0 (0)
16 (40.0)
0 (0)

53
24/29
43.83 ± 13.68
19 (35.8)
45.84 ± 30.35
98.47 ± 1.54
86.32 ± 15.01
51 (96.2)
2.49 ± 1.64
3 (5.9)
2 (3.9)
24 (47.0)
0 (0)

NS
NS
NS
NS
NS
NS
NS
< 0.05
NS
NS
NS
NS

Table 2 Patients’ and endoscopists’ evaluations (mean ± SD)

Patients’ assessment
Intubation (pain)
Overall discomfort
Choking
Nausea/Vomiting
Overall tolerance
Endoscopists’ assessment
Difficulty in intubation
Intubation (pain)
Overall discomfort
Overall tolerance

TN-EGD (n = 41)

TO-EGD (n = 40)

C-EGD (n = 51)

P

Statistical procedure

24.49 ± 21.70
22.49 ± 23.59
9.66 ± 13.44
21.80 ± 26.89
3.95 ± 0.71

20.08 ± 23.46
32.35 ± 28.65
19.72 ± 25.80
39.57 ± 34.40
3.70 ± 0.72

26.53 ± 31.18
34.02 ± 31.21
25.37 ± 33.77
35.39 ± 34.27
3.29 ± 0.90

NS
NS
NS
NS
< 0.001

ANOVA-RM
ANOVA-RM
Kruskal-Wallis
Kruskal-Wallis
ANOVA-RM

10.97 ± 16.71
16.34 ± 18.37
8.22 ± 9.76
4.56 ± 0.59

6.57 ± 10.37
15.00 ± 17.48
14.85 ± 16.84
4.18 ± 0.93

9.61 ± 14.78
20.10 ± 25.56
23.04 ± 27.31
3.63 ± 1.08

NS
NS
NS
< 0.01

Kruskal-Wallis
ANOVA-RM
ANOVA-RM
ANOVA-RM

to participate in the study. One hundred and thirty-nine
patients (61 males and 78 females) entered the study. The
three groups were well-matched for age, gender, previous
experience of endoscopic examination, blood oxygen
saturation, heart rate, and baseline anxiety score (Table
1). In all groups the most common cause of fear before
EGD was fear of stifling (44 cases on the whole). Seven
out of 139 patients (5.0%) did not complete EGD and
were excluded from any subsequent analysis. EGD was
successfully completed in 91.1% (41/45) of patients in
TN-EGD group, 97.5% (40/41) in TO-EGD group, and
96.2% (51/53) in C-EGD group, respectively. TN-EGD
failed in 4 cases (8.9%) due to difficult insertion of the
endoscope through the nose or intolerance. These patients
were excluded from any subsequent analysis.
The duration of the procedure was significantly longer
in TN-EGD group than in TO-EGD and C-EGD groups
(3.11 ± 1.6 min vs 2.25 ± 1.45 min and 2.49 ± 1.64 min,
respectively; P < 0.05). Such a difference was not due to
a higher frequency of biopsy sampling that was similar in
the three groups (Table 1).
No complication occurred in C-EGD and TO-EGD
groups. One patient (2.4%) in TN-EGD group had mild
and self-limiting epistaxis. Occurrence of abnormal vital
signs (blood oxygen desaturation and tachycardia) was less
frequent in TN-EGD group than in the other two groups,
but the difference was not statistically significant (Table 1).
Endoscopists’ assessment showed no difference in the
intubation difficulty among the three groups (Table 2).
www.wjgnet.com

Likewise, on the basis of patients’ evaluation, no difference
was found in choking or nausea/vomiting among the three
groups.
ANOVA-RM analysis of the factor “method” (TN-EGD
vs TO-EGD vs C-EGD) independently of the observer
(patient or endoscopist), showed that the overall tolerance
was significantly higher in TN-EGD and TO-EGD
groups than in C-EGD group (P < 0.001 and P < 0.01,
respectively). TN-EGD and TO-EGD groups did not
differ from each other. Conversely, no difference was
observed in intubation pain and overall discomfort (Table
2). ANOVA-RM analysis of the factor “observer” (patient
vs endoscopist) independently of the method, showed
that endoscopist underestimated the levels of intubation
pain (P < 0.01) and overall discomfort (P < 0.001), and
overrated the overall tolerance (P < 0.001) in comparison
with the patient. Contemporaneous analysis of both
factors “observer” and “method”, a significant difference
was observed in overall discomfort and overall tolerance
between TN-EGD and C-EGD (P < 0.05) (Figures 1A
and B). All these results had a power greater than 90%,
even though some differences were observed according
to the factor considered (method, observer, and their
combination).
Seventy-three point two percent of patients in TNEGD group, 55% in TO-EGD group, and 39.2% in
C-EGD group tolerated EGD better than expected (Table
3). EGD was tolerated worst than expected by 4.9%,
17.5%, and 23.5% of patients, respectively. Frequency
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Figure 1 Overall discomfort (A) and overall tolerance (B) at EGD for patients and endoscopists in the three groups of patients. Statistical difference can be observed
comparing TN-EGD vs C-EGD.

Table 3 Answers to the questions of “how did you tolerate
EGD and what you were expecting of?”

Worse than expected, n (%)
As expected, n (%)
Better than expected, n (%)

TN-EGD
(n = 41)

TO-EGD
(n = 40)

C-EGD
(n = 51)

2 (4.9)
9 (21.9)
30 (73.2)

7 (17.5)
11 (27.5)
22 (55.0)

12 (23.5)
19 (37.3)
20 (39.2)

analysis showed a statistically significant trend (P < 0.05)
due to the difference between TN-EGD and C-EGD
(P < 0.01).
On the basis of the endoscopists’ rating scores, the
ability to insufflate air/wash the lens, and suction of
ultrathin endoscope were lower than those of conventional
endoscope (P < 0.001) (Table 4). No difference was
observed in image quality, and the second portion of the
duodenum was reached in all cases with both instruments.
In no case the examination was not completed because of
the higher flexibility of ultrathin endoscope.
Biopsies were taken at the operator’s discretion in 59
cases (19 in TN-EGD group, 16 in TO-EGD group, and
24 in C-EGD group). All biopsies were adequate (Table
3), EGD needed to be repeated in no case because of
inadequate histopathologic results.

DISCUSSION
Narrow-diameter endoscopes have been put on the market
about ten years before, but their use in clinical practice
is still limited to a small subset of patients, either in the
United States[10] or in countries such as Italy, where EGD
is performed without routine conscious sedation. It is still
debated whether the best way of introduction of these
instruments is the transnasal or the peroral route, as until
now few comparisons have been published in literature.
Some randomized trials sug gested that the peroral
route may be easier to perform and slightly preferred by
both patients and endoscopists[17-20]. Conversely, in our
series TN-EGD caused less discomfort and was better
tolerated. Indeed, univariate analysis seemed to suggest
that both TN-EGD and TO-EGD were better tolerated
than C-EGD, but multivariate analysis revealed that

Table 4 Results of the endoscopists’ evaluation of the
performances of endoscopes
TN-EGD
(n = 41)
Endoscopists’ score
(mean ± SD)
Image quality
Suction
Air insufflation/washing
of the lens
Reaching of the second
portionof the
duodenum, n (%)
Adequate biopsy
sampling, n (%)

TO-EGD
(n = 40)

C-EGD
(n = 51)

P

87.85 ± 14.34 89.57 ± 11.00
81.90 ± 9.98 84.82 ± 11.82
83.90 ± 13.70 85.80 ± 13.34

91.98 ± 11.85 NS
94.37 ± 7.49 < 0.001
94.76 ± 6.49 < 0.001

41 (100)

40 (100)

51 (100)

NS

19/19 (100)

16/16 (100)

24/24 (100)

NS

only TN-EGD showed significantly lower discomfort
and higher tolerance than C-EGD. Moreover, TN-EGD
patients answered the questions of “how did you tolerate
EGD and what you were expecting of ?” more positively
than the other patients. Our results partially agree with
those of Preiss et al [21] who obser ved that patients’
acceptance of the EGD is significantly better with the
ultrathin endoscope introduced through the nose (but not
through the mouth) than with the standard endoscope, as
choking was lower. More recently, Thota et al[22] reported
that the transnasal route is better tolerated than the
transoral route, but a 4-mm videoendoscope was used in
their study. Conversely, in a randomized trial comparing
ultrathin endoscopy through both the transnasal and
oral routes with standard EGD, Birkner et al[23] observed
that patients’ opinion about the overall assessment is
significantly better in the standard oral EGD. However,
this result may be biased by the presence of higher anxiety
levels in ultrathin endoscope groups than in control
group. Indeed, anxiety is well known to decrease patient
compliance, making EGD execution more difficult[3,24].
Such a bias could also explain the surprising observation
that patients who underwent peroral EGD with a 6-mm
endoscope complained of greater gagging than those
who underwent peroral EGD with a 9.8-mm endoscope.
Indeed, a lot of trials reported that patient discomfort
is lower when small-caliber endoscopes are used[17,25] or
no difference is found in tolerance related to endoscope
www.wjgnet.com
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size[26]. To our knowledge no other study has reported that
increasing diameters of the instrument can improve the
feasibility and tolerance of unsedated upper endoscopy.
Unlike the trial of Birkner[23], our three groups were wellmatched for parameters such as gender, age, previous
experience of EGD, and anxiety, which can influence
the tolerance to endoscopy[24,27]. In our study, transnasal
EGD failed in only 4 out of 45 patients (8.9%) because of
inability to insert the endoscope through the nose. Once
the nasal tract was passed, it was possible to complete all
the EGD procedures, including exploration of the second
part of the duodenum. Our failure rate is similar to that
reported by other authors who used endoscopes with outer
diameter of 5.9 mm[21]. Today, endoscopes with a smaller
diameter have become available, so it is likely that failure
rate will decrease and patients’ acceptance will improve
in the near future, as the larger-endoscope diameter is
considered a predictive factor for procedure failure[19,22].
All biopsy samples taken in our patients were of good
quality, and EGD never needed to be repeated because
of inadequate histopathologic results. This confirms that
biopsy sampling can successfully be done using small
diameter endoscopes[17,26,28].
According to other trials[21,29], in our study the percentage
of abnormal vital signs was similar in the three groups
of patients. However, it has recently been reported that
TN-EGD is associated with fewer adverse effects on
cardiopulmonary function than TO-EGD[30].
Our study confirmed that the performances of the
narrow endoscope were acceptable. Unlike some prior
reports[23,26], our experience indicates that image quality
and handling of ultrathin and standard endoscopes are
similar. Compared to the older color wheel technology, the
new ultrathin technology using a color chip similar to that
used in standard endoscopes is therefore not susceptible
to image distortion. Conversely, the ability to insufflate air,
wash the lens, and suction of ultrathin endoscope were
lower than those of conventional endoscope. These limits
do not compromise diagnostic EGD, but might hamper
operative endoscopy, even though some studies suggested
that ultrathin endoscopes can work well also in some
interventional procedures[13-16].
The average duration of TN-EGD is significantly
longer than that of TO-EGD, either in our study or
in many other prior reports [17,23,31,32], probably because
gastroenterologists are commonly not familiar with the
introduction of endoscopes through the nose. Conversely,
some authors have not found any difference in duration
of EGD between oral and nasal route[21] and a prospective
study reported that the duration of transnasal technique
is even shorter than peroral technique[33]. However, in this
latter study, the time spent to perform transoral EGD was
unusually long (11 min).
In conclusion, small-caliber peroral or transnasal
EGD has good technical performances, and is safe,
generally well accepted and preferred by the patients to
conventional EGD. In our opinion, unsedated EGD
with narrow-diameter endoscopes should be proposed
to all patients undergoing diagnostic EGD. As transnasal
EGD seems better tolerated than peroral endoscopy,
endoscopists should acquire more familiarity with this
www.wjgnet.com
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route of introduction. The growing skill of endoscopists,
as well as further technical improvements in the ultrathin
endoscopes, will probably lead to the increasing use of
transnasal gastroscopy in the near future.

REFERENCES
1
2
3

4
5
6
7
8
9
10
11
12

13
14
15

16

17

18

19

20

al-Atrakchi HA. Upper gastrointestinal endoscopy without
sedation: a prospective study of 2000 examinations.
Gastrointest Endosc 1989; 35: 79-81
Brandt LJ. Patients' attitudes and apprehensions about
endoscopy: how to calm troubled waters. Am J Gastroenterol
2001; 96: 280-284
Campo R, Brullet E, Montserrat A, Calvet X, Moix J, Rué M,
Roqué M, Donoso L, Bordas JM. Identification of factors that
influence tolerance of upper gastrointestinal endoscopy. Eur J
Gastroenterol Hepatol 1999; 11: 201-204
Dominitz JA, Provenzale D. Patient preferences and quality
of life associated with colorectal cancer screening. Am J
Gastroenterol 1997; 92: 2171-2178
Bell GD. Premedication, preparation, and surveillance.
Endoscopy 2002; 34: 2-12
Gattuso SM, Litt MD, Fitzgerald TE. Coping with
gastrointestinal endoscopy: self-efficacy enhancement and
coping style. J Consult Clin Psychol 1992; 60: 133-139
Woloshynowych M, Oakley DA, Saunders BP, Williams CB.
Psychological aspects of gastrointestinal endoscopy: a review.
Endoscopy 1996; 28: 763-767
Conlong P, Rees W. The use of hypnosis in gastroscopy: a
comparison with intravenous sedation. Postgrad Med J 1999;
75: 223-225
Mokhashi MS, Hawes RH. Struggling toward easier
endoscopy. Gastrointest Endosc 1998; 48: 432-440
Sorbi D, Chak A. Unsedated EGD. Gastrointest Endosc 2003;
58: 102-110
Shaker R. Unsedated trans-nasal pharyngoesophagogastrodu
odenoscopy (T-EGD): technique. Gastrointest Endosc 1994; 40:
346-348
Nozaki R, Fujiyoshi T, Tamura M, Tsuchiya A, Takagi
K, Takano M. Evaluation of small calibre transnasal
panendoscopes for upper GI screening examination. Dig
Endosc 1995; 7: 155-159
Bajaj JS, Shaker R. Another indication for transnasal,
unsedated upper-GI endoscopy. Gastrointest Endosc 2005; 62:
667-668
Dumortier J, Lapalus MG, Pereira A, Lagarrigue JP,
Chavaillon A, Ponchon T. Unsedated transnasal PEG
placement. Gastrointest Endosc 2004; 59: 54-57
Fang JC, Hilden K, Holubkov R, DiSario JA. Transnasal
endoscopy vs. fluoroscopy for the placement of nasoenteric
feeding tubes in critically ill patients. Gastrointest Endosc 2005;
62: 661-666
Vitale MA, Villotti G, D'Alba L, De Cesare MA, Frontespezi
S, Iacopini G. Unsedated transnasal percutaneous endoscopic
gastrostomy placement in selected patients. Endoscopy 2005;
37: 48-51
Craig A, Hanlon J, Dent J, Schoeman M. A comparison of
transnasal and transoral endoscopy with small-diameter
endoscopes in unsedated patients. Gastrointest Endosc 1999; 49:
292-296
Dean R, Dua K, Massey B, Berger W, Hogan WJ, Shaker R. A
comparative study of unsedated transnasal esophagogastrod
uodenoscopy and conventional EGD. Gastrointest Endosc 1996;
44: 422-424
Dumortier J, Napoleon B, Hedelius F, Pellissier PE, Leprince
E, Pujol B, Ponchon T. Unsedated transnasal EGD in daily
practice: results with 1100 consecutive patients. Gastrointest
Endosc 2003; 57: 198-204
Zaman A, Hahn M, Hapke R, Knigge K, Fennerty MB,
Katon RM. A randomized trial of peroral versus transnasal
unsedated endoscopy using an ultrathin videoendoscope.

Trevisani L et al . Ultrathin upper endoscopy is better than conventional endoscopy in routine

21

22

23

24

25

26

Gastrointest Endosc 1999; 49: 279-284
Preiss C, Charton JP, Schumacher B, Neuhaus H. A
randomized trial of unsedated transnasal small-caliber esoph
agogastroduodenoscopy (EGD) versus peroral small-caliber
EGD versus conventional EGD. Endoscopy 2003; 35: 641-646
Thota PN, Zuccaro G, Vargo JJ, Conwell DL, Dumot JA, Xu
M. A randomized prospective trial comparing unsedated
esophagoscopy via transnasal and transoral routes using a
4-mm video endoscope with conventional endoscopy with
sedation. Endoscopy 2005; 37: 559-565
Birkner B, Fritz N, Schatke W, Hasford J. A prospective
randomized comparison of unsedated ultrathin versus
standard esophagogastroduodenoscopy in routine outpatient
gastroenterology practice: does it work better through the
nose? Endoscopy 2003; 35: 647-651
Trevisani L, Sartori S, Gaudenzi P, Gilli G, Matarese G, Gullini
S, Abbasciano V. Upper gastrointestinal endoscopy: are
preparatory interventions or conscious sedation effective? A
randomized trial. World J Gastroenterol 2004; 10: 3313-3317
Mulcahy HE, Riches A, Kiely M, Farthing MJ, Fairclough
PD. A prospective controlled trial of an ultrathin versus a
conventional endoscope in unsedated upper gastrointestinal
endoscopy. Endoscopy 2001; 33: 311-316
Dumortier J, Ponchon T, Scoazec JY, Moulinier B, Zarka F,
Paliard P, Lambert R. Prospective evaluation of transnasal
esophagogastroduodenoscopy: feasibility and study on
performance and tolerance. Gastrointest Endosc 1999; 49:
285-291

27

28

29

30

31
32
33

911

Abuksis G, Mor M, Segal N, Shemesh I, Morad I, Plaut
S, Weiss E, Sulkes J, Fraser G, Niv Y. A patient education
program is cost-effective for preventing failure of endoscopic
procedures in a gastroenterology department. Am J
Gastroenterol 2001; 96: 1786-1790
Saeian K, Townsend WF, Rochling FA, Bardan E, Dua
K, Phadnis S, Dunn BE, Darnell K, Shaker R. Unsedated
transnasal EGD: an alternative approach to conventional
esophagogastroduodenoscopy for documenting Helicobacter
pylori eradication. Gastrointest Endosc 1999; 49: 297-301
Garcia RT, Cello JP, Nguyen MH, Rogers SJ, Rodas A, Trinh
HN, Stollman NH, Schlueck G, McQuaid KR. Unsedated
ultrathin EGD is well accepted when compared with
conventional sedated EGD: a multicenter randomized trial.
Gastroenterology 2003; 125: 1606-1612
Yagi J, Adachi K, Arima N, Tanaka S, Ose T, Azumi T, Sasaki H,
Sato M, Kinoshita Y. A prospective randomized comparative
study on the safety and tolerability of transnasal esophagogast
roduodenoscopy. Endoscopy 2005; 37: 1226-1231
Campo R, Montserrat A, Brullet E. Transnasal gastroscopy
compared to conventional gastroscopy: a randomized study of
feasibility, safety, and tolerance. Endoscopy 1998; 30: 448-452
Shaker R, Saeian K. Unsedated transnasal laryngoesophagogastroduodenoscopy: an alternative to conventional
endoscopy. Am J Med 2001; 111 Suppl 8A: 153S-156S
Krakamp B, Parusel M, Saers T. Prospective study comparing
conventional and transnasal esophagogastroduodenoscopy for
routine diagnosis. Dtsch Med Wochenschr 2004; 129: 82-86
S- Editor Wang J

L- Editor Wang XL

E- Editor Lu W

www.wjgnet.com

World J Gastroenterol 2007 February 14; 13(6): 912-915
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

RAPID COMMUNICATION

Use of probiotics for prevention of radiation-induced diarrhea
P Delia, G Sansotta, V Donato, P Frosina, G Messina, C De Renzis, G Famularo
P Delia, G Sansotta, V Donato, P Frosina, G Messina, C
De Renzis, G Famularo, Institute of Radiology, Oncologic
Radiotherapy Unit, Azienda Ospedaliera Universitaria, Messina
and Department of Internal Medicine, San Camillo Hospital,
Rome, Italy
Correspondence to: Dr. Giuseppe Famularo, Department of
Internal Medicine, San Camillo Hospital, Circonvallazione
Gianicolense, 00152 Rome,
Italy. gfamularo@scamilloforlanini.rm.it
Telephone: +39-6-58704325 Fax: +39-6-58704557
Received: 2006-10-29
Accepted: 2007-01-18

Abstract
AIM: To investigate the efficacy of a high-potency
probiotic preparation on prevention of radiation-induced
diarrhea in cancer patients.
METHODS: This was a double-blind, placebo-controlled
trial. Four hundred and ninety patients who underwent
adjuvant postoperative radiation therapy after surgery
for sigmoid, rectal, or cervical cancer were assigned to
either the high-potency probiotic preparation VSL#3
(one sachet t.i.d. ,) or placebo starting from the first day
of radiation therapy. Efficacy endpoints were incidence
and severity of radiation-induced diarrhea, daily number
of bowel movements, and the time from the start of the
study to the use of loperamide as rescue medication.
RESULTS: More placebo patients had radiation-induced
diarrhea than VSL#3 patients (124 of 239 patients,
51.8%, and 77 of 243 patients, 31.6%; P < 0.001)
and more patients given placebo suffered grade 3 or 4
diarrhea compared with VSL#3 recipients (55.4% and
1.4%, P < 0.001). Daily bowel movements were 14.7 ± 6
and 5.1 ± 3 among placebo and VSL#3 recipients (P <
0.05), and the mean time to the use of loperamide was
86 ± 6 h for placebo patients and 122 ± 8 h for VSL#3
patients (P < 0.001).
CONCLUSION: Probiotic lactic acid-producing bacteria
are an easy, safe, and feasible approach to protect
cancer patients against the risk of radiation-induced
diarrhea.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Almost all regimens of radiation therapy may disturb the
colonization resistance of the indigenous gut flora. This
is the main mechanism underlying the pathophysiology
of acute radiation-induced enteritis and colitis, which are
a common and potentially severe complication among
cancer patients treated with radiation therapy. Attempts
to treat this complication with antibiotics, sucralfate, antiinflammatory drugs such as mesalazine and balsalazide,
glutamine, octreotide, proteolytic enzymes, and hyperbaric
oxygen have so far provided inconclusive clinical results
with failure of treatment occurring in a substantial
proportion of patients[1-9]. Furthermore, prophylactic use
of sucralfate does not reduce the burden of radiationinduced bowel toxicity but rather, is associated with more
severe gastrointestinal symptoms including bleeding and
fecal incontinence[10,11]. In the light of these contradictory
findings, we urgently need innovative approaches that
target other steps in the pathophysiology of radiationinduced diarrhea.
The term probiotic refers to a product or preparation
containing viable and defined microorganisms in a
number thought to be sufficient to alter by implantation
or colonization the host’s microflora and thereby exert
beneficial effects [12,13]. Experimental studies in animal
models and clinical trials of patients with inflammatory
bowel disease (IBD) have consistently shown that use of
probiotic organisms may effectively down-modulate the
severity of intestinal inflammation through altering the
composition and the metabolic and functional properties
of gut indigenous flora[12,13]. Experience with probiotic
organisms for the prevention of enteritis and colitis in
cancer patients receiving radiation therapy is limited,
however we have recently shown in a small pilot trial of
feasibility and safety that both the incidence and severity
of radiation-induced diarrhea were appreciably reduced
with pre-emptive treatment with VSL#3, a new high
potency preparation of probiotic lactobacilli, during
adjuvant radiotherapy after surgery for abdominal and
pelvic cancer [14]. The present study was undertaken to
assess and compare the benefits of probiotic therapy with
VSL#3 on clinically relevant endpoints in a greater sample
of 490 patients, including 190 subjects we enrolled in our
earlier trial.

Delia P et al . Probiotics for radiation diarrhea

MATERIALS AND METHODS
Four hundred ninety consecutive patients attending
the outpatient clinics of the Cancer X-Ray Unit of the
University of Messina, Italy, from May 1999 to December
2005, who had received adjuvant postoperative radiation
therapy after surgery for sigmoid, rectal, or cervical cancers
were randomly assigned to either treatment with VSL#3
(VSL Pharmaceuticals, Fort Lauderdale, MD), one sachet
t.i.d., or a VSL#3-identical appearing placebo starting
from the first day of radiation therapy until the end of
the scheduled cycles of radiation therapy. The design of
the study was approved by the Ethics Committee of our
hospital, and all patients gave written informed consent
to participate. The study was double-blind, parallel-group,
and placebo-controlled and was performed in accordance
with the Declaration of Helsinki and standards of good
clinical practice.
Each sachet of VSL#3 contained 450 billions/g
of viable lyophilized bacteria, including four strains of
lactobacilli (L. casei, L. plantarum, L. acidophilus, and L.
delbruekii subsp. bulgaricus), three strains of bifidobacteria
(B. longum, B. breve, and B. infantis), and one strain of
Streptococcus salivarius subsp. thermophilus. Patients were eligible
for inclusion if they had no contraindication for probiotic
or antibiotic therapy or radiation therapy. We excluded by
randomization patients with a Karnofsky performance
score ≤ 70, a life expectancy ≤ 1 year, persistent vomiting
or diarrhea, fistulizing disease, known Crohn’s disease
or ulcerative colitis, intra-abdominal abscesses or fever
(more than 37.5℃) at the time of enrolment, or clinical,
microbiological, or imaging evidence of sepsis syndrome,
and requirement for continuous antibiotic treatment or use
of antibiotics in the last 2 wk before initiation of VSL#3
therapy.
At base-line, patients provided a medical history and
had a physical examination (consisting of vital signs,
12-lead electrocardiogram, neurological examination, and
laboratory testing). The study subjects were followed up
weekly during the scheduled cycle of radiation therapy and
then 1 mo after completion of radiation therapy. At each
visit, clinical symptoms, concomitant medications, and any
adverse events were reviewed, and a physical examination
and laboratory studies were performed. Efficacy endpoints
were incidence and severity of radiation-induced diarrhea,
number of patients who discontinued radiotherapy
because of diarrhea, daily number of bowel movements,
and the time from the start of the study to the use
of loperamide as rescue medication for diarrhea. The
randomization was balanced between treatment groups
in terms of sex, age, nodal involvement, tumor grade and
size, local invasion at operation, invasion of contiguous
structures at histology, and postoperative complications.
The total X-ray dose the patients were given was between
60 and 70 Gy. We measured the severity of gastrointestinal
toxicity according to World Health Organization grading,
with grade 0 indicating no toxicity, grade 1 indicating selflimited toxicity lasting less than 2 d, grade 2 indicating selflimited symptoms lasting more than 2 d, grade 3 referring
to symptoms requiring treatment, and grade 4 indicating
severe toxicity with dehydration and/or hemorrhage.
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Statistical analysis
Statistical analysis of results was performed using KaplanMeier estimates. P < 0.05 was taken as significant.

RESULTS
Two hundred thirty nine out of 245 patients in the
placebo group (97.5%) completed the study as 6 patients
were withdrawn after a few sessions of radiation therapy
due to the occurrence of severe diarrhea resistant to
loperamide and the usual standard of care; these patients
were excluded from the analysis of results. Two hundred
forty three among the 245 patients in the VSL#3 group
(99.1%) completed the study, one patient withdrew his
consent after the first session of radiation therapy, and one
patient died of myocardial infarction after three sessions
of radiation therapy; both patients were excluded from
analysis of the results.
More patients in the placebo group had radiationinduced enteritis and colitis compared with the VSL#3
group (124 of 239, 51.8%, versus 77 of 243 patients,
31.6%; P < 0.001). Further more, patients given the
placebo suffered more severe toxicity compared with
VSL#3 recipients as grade 3 or 4 diarrhea was documented
in 69 of 124 (55.4%) placebo-treated patients and 8 of 77
(1.4%) VSL#3-treated patients (P < 0.001), whereas 50
of 124 placebo-treated patients had grade 1 or 2 diarrhea
compared with 34 of 77 VSL#3 recipients (NS). Even
though the difference did not reach statistical significance,
there was clearly a trend in favor of the treatment with
VSL#3 compared with the placebo.
The mean daily number of bowel movements for
patients with radiation-induced diarrhea was 14.7 ± 6 and
5.1 ± 3 among placebo and VSL#3 recipients, respectively
(P < 0.05), and the mean time to the use of loperamide as
rescue medication for diarrhea was 86 ± 6 h for patients
receiving placebo versus 122 ± 8 h for patients receiving
VSL#3 (P < 0.001).
No tumor- or treatment-related deaths or deaths from
other causes were recorded in either group during the
period of radiation therapy, and no case of bacteremia,
sepsis, or septic shock due to the probiotic lactobacilli
was reported among the VSL#3 recipients during the
treatment period with the probiotic preparation or during
the six months beyond active treatment. Likewise, no case
of bacteremia, sepsis, or septic shock due to organisms
other than the probiotic lactobacilli was recognized during
the period of active treatment. We did not recognize any
other toxicity reasonably attributable to VSL#3.

DISCUSSION
We have clearly demonstrated in a large sample of patients
the benefits of probiotic therapy with VSL#3 for the
prevention and/or reduction of both the incidence and
severity of enteritis and colitis associated with adjuvant
radiation treatment after surgery for abdominal and pelvic
cancer. Significantly fewer patients treated with VSL#3
had grade 3 or 4 diarrhea during the period of radiation
treatment compared with patients given placebo, in
www.wjgnet.com
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addition to the usual standard of care. We also observed
a trend in favor of VSL#3 in terms of reduced incidence
in grade 1 or 2 intestinal toxicity, even though the
difference between the two groups did not reach statistical
significance.
The findings of this study have reiterated those of
our early pilot trial[14] and strongly support our working
hypothesis that using probiotic lactobacilli may be an easy,
cheap, safe, and feasible approach to effectively protect
patients against the risk of radiation-induced diarrhea,
which is a severe and potentially lethal complication
of radiation therapy for abdominal and pelvic cancer.
However, apart from our two studies with VSL#3,
experience with probiotic organisms in this setting is
limited. Our Medline search yielded indeed only one other
study with probiotics, i.e. the double-blind and randomized
trial by Urbancsek and colleagues who reported favorable
results with Lactobacillus GG treatment [15]. In contrast,
we used VSL#3, which is a high-potency preparation
with unique characteristics compared with traditional
probiotics, in particular, because of the enormously high
bacterial concentration and the presence of a consortium
of different bacterial species with potential synergistic
relations between different strains that may greatly enhance
the suppression of potential pathogens [12] . Whether
treatment with VSL#3 could be more effective than using
Lactobacillus GG or other probiotic organisms is unknown
for several reasons, including the lack of a well-designed
head-to-head comparison between the different probiotic
preparations. However, the composite mixture of VSL#3
with a large number of probiotic strains possessing very
different and specialized metabolic and immunoregulatory
activities is a unique feature of this preparation, and may
explain its wide spectrum of biological activities. One
additional important point is that results of experimental
studies and double-blind placebo-controlled clinical trials
have consistently validated VSL#3 as a therapeutic tool to
down-modulate intestinal inflammation in several animal
and human models of IBD[13]. In contrast, clinical trials of
Lactobacillus GG treatment for IBD patients have provided
conflicting results and the true clinical efficacy of this
probiotic strain is still substantially unclear[16-18].
Clinical and experimental studies of VSL#3 in patients
with ulcerative colitis and animal models of IBD have
provided insights into the mechanisms underlying the
efficacy of probiotic lactobacilli of VSL#3 to protect
patients against radiation-induced diarrhea. VSL#3
lactobacilli lower the production of proinflammatory
cytokines and several other effectors of inflammation and
tissue injury, such as nitric oxide and metalloproteinases,
interfere with the pro-inflammatory signal transduced by
toll-like receptors, exert a significant protection upon the
integrity of the intestinal epithelial barrier, and downmodulate the process of apoptosis. This latter mechanism
is of utmost importance because the triggering of an
unregulated process of apoptosis is regarded as the main
factor ultimately responsible for the radiation-induced
injury of the intestinal epithelium [19] . Further more,
probiotic bacteria up-regulate the innate immune response
in the gut and are thus part of a protective mechanism
against invasive organisms, which is important when ileal
www.wjgnet.com
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and colonic protection against invading organisms is
severely impaired as a result of exposure to radiation. All
these mechanisms are likely to synergistically contribute
to the down-modulation of gut inflammation and host
protection against intestinal colonization by invasive
pathogens and their subsequent translocation into portal
circulation also in patients irradiated for therapeutic
purposes.
Treatment with VSL#3 proved in our study to be
remarkably safe and we did not recognize any toxicity
reasonably attributable to VSL#3 over the time-span of
probiotic treatment. Furthermore, we observed no case
of bacteremia, sepsis, or septic shock due to the probiotic
lactobacilli of VSL#3, which is in agreement with results
of other clinical trials of VSL#3 in IBD patients. Previous
clinical experience with this probiotic preparation has
indeed demonstrated the remarkable safety of VSL#3
bacteriotherapy even with dosages significantly greater
than those used in this trial. This does strongly reinforce
the view that probiotic treatment with VSL#3 should
be regarded as remarkably safe even in the setting of
intestinal inflammation associated with severely altered
barrier function as it may occur in patients with radiationinduced enteritis and colitis.
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Abstract
AIM: To ascertain clinical outcome and complications
o f s e l f- e x p a n d a b l e m e t a l s t e n t s fo r e n d o s c o p i c
palliation of patients with malignant obstruction of the
gastrointestinal (GI) tract.
METHODS: A retrospective review was performed
throughout August 2000 to June 2005 of 53 patients with
gastric outlet obstruction caused by stomach cancer. All
patients had symptomatic obstruction including nausea,
vomiting, and decreased oral intake. All received selfexpandable metallic stents.
RESULTS: Stent implantation was successful in all 53
(100%) patients. Relief of obstructive symptoms was
achieved in 43 (81.1%) patients. No immediate stentrelated complications were noted. Seventeen patients
had recurrent obstruction (tumor ingrowth in 14 patients,
tumor overgrowth in 1 patient, and partial distal stent
migration in 2 patients). The mean survival was 145 d.
Median stent patency time was 187 d.
C O N C L U S I O N : E n d o s c o p i c p l a c e m e n t o f s e l fexpandable metallic stents is a safe and effective
treatment for the palliation of patients with inoperable
malignant gastric outlet obstruction caused by stomach
cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Malignant obstruction of the stomach is a preterminal
event that causes nausea, vomiting, dysphagia, and
nutritional deficiencies leading to progressive deterioration
in a patient’s quality of life. It is generally managed by
surgical intervention. Because a subgroup of these patients
consists of people who are elderly or have advanced,
metastatic disease or other medical illness, surgery may be
impossible in such patients.
Endoscopic placement of self-expandable metallic
stents (SEMS) has been used for palliative treatment of
patients with malignant obstruction of the gastrointestinal
(GI) tract for over a decade [1,2] . Endoscopic stent
placement is a safe and feasible treatment option for
patients with malignant gastric outlet obstruction. In
retrospective comparative studies, patients who underwent
an open gastrojejunostomy had delayed oral intake after
surgery [3], higher procedure-related morbidity, higher
30-d mortality[4], and a longer length of hospital stay[4-6],
and incurred greater hospital charges[5] than patients who
underwent an endoscopic stent insertion. To date, there
has been no study that assesses clinical outcome after
SEMS insertion for malignant gastric outlet obstruction
caused by stomach cancer only, rather than by pancreatic,
biliary, or duodenal cancer. Here we report results from a
5-year, single-center experience with the use of SEMS to
palliate patients hospitalized with gastric outlet obstruction
because of inoperable gastric cancer.

MATERIALS AND METHODS
Patients
Between August 2000 and June 2005, 103 patients with
malignant gastroduodenal and jejunal stenosis underwent
endoscopic procedures with uncovered SEMS. Obstruction was caused by stomach cancer in 53 (51.3%) patients,
by recurrent malignant obstruction after gastric surgery
in 20 (19.4%), by pancreatic cancer in 14 (13.6%), by bile
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duct cancer in 7 (6.8%), by duodenal cancer in 3 (2.9%),
by ampullary cancer in 2 (2.0%), by gallbladder cancer in
2 (2.0%) and unclassified in 2 (2.0%) patients. Only patients with malignant obstruction due to stomach cancer
were included in this study. The diagnosis of malignant
tumor and gastric outlet obstruction was established by
means of endoscopy, duodenography and computed
tomography. Fifty three patients (35 men, 18 women;
mean age 64.0 years, range 34-85 years) with malignant
gastric outlet obstruction who were treated with SEMS
were followed at our outer-patient department, inpatient
department or by phone calls. None of the patients were
operative candidates based on the presence of advanced,
metastatic disease or medical comorbidity. All patients
had symptomatic obstructions such as nausea, vomiting,
bloating, and abdominal pain. The degree and site of the
stenosis were usually evaluated before endoscopy, using
radiographs taken after oral contrast opacification; the gastric outlet area was divided into the antropyloric portion (40
patients), pyloric and duodenal bulb portion (8 patients),
body and antropyloric portion (5 patients). Patient demographics are summarized in Table 1.
Equipments
The stents used in this study were the SEMS (NiTi-S®,
Pyloric(TTS), Taewoong, South Korea), 18 mm in
diameter and 60, 80, 100, or 120 mm in length. These
stents are constructed from a nickel-titanium alloy with
or without an outer membrane. The covered stent is
coated with polyurethane in the body and the proximal
flare portion. The diameters are 18 mm and 26 mm in the
body and flare portions, respectively. The stent is tightly
mounted on a delivery system with an outer diameter of
10-11 Fr and an overall length of 180 cm. This long and
slim delivery system allowed us to insert and deploy the
stent through the working channel of the therapeutic
endoscope. A 300-cm long, 0.035- or 0.025-inch diameter
biliary guidewire (Zebra, Microvasive, USA, or Metro,
Wilson Cook, USA) or a 260-cm long, 0.035-inch diameter
exchange guidewire (Radiofocus M, Terumo, Tokyo,
Japan) was used. The endoscopes used were a 2-channel
endoscope with a working channel of 3.7 mm (GIF-2T200,
Olympus Co., Japan) or a therapeutic duodenoscope with
a working channel of 4.2 mm (TJF 200, Olympus Co.,
Japan).
Endoscopic techniques
We placed all stents under endoscopic and fluoroscopic
guidance. Stent insertion was performed under conscious
sedation using titrated doses of midazolam administrated
by an experienced endoscopist or a nurse with appropriate
monitoring. After identification of the stenosis, a
guidewire was passed through it using a standard
endoscopic retrograde cholangiopancreatography (ERCP)
catheter. The length of the stenosis was determined by
the stricture identified with a water-soluble, iodinated
contrast medium. The stent chosen extended at least an
additional 1-2 cm in length on each side of the stenosis to
allow an adequate margin of stent. An undeployed SEMS
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Table 1 Patient demographics
Total number of patients
Mean age, yr ( range)
Male/Female
Present illness
Stomach cancer
Location of obstruction
Antropyloric
Pylorus and duodenal bulb
Body and antropyloric

53
64.0 (34-85)
35/18
53 (100%)
40 (75.5%)
8 (15.1%)
5 (9.4%)

delivery system was passed through the working channel
of the endoscope over the guidewire so that the ends of
the undeployed stent were equidistant from the ends of
the stenosis. The stent was deployed from the distal end
with frequent repositioning of the proximal position in
the desired location because of a tendency for it to move
away from the scope. The adequacy of stent placement
was assessed at the conclusion of each procedure using
a combination of endoscopy and fluoroscopy. An oral
contrast opacification was obtained immediately after the
procedure. Technical endoscopic success was defined as
correct placement of the stent across the stricture with an
established patency confirmed fluoroscopically. Uncovered
stents were used primarily in all cases. The patients
provided informed consent before endoscopic stent
insertion.
Oral intake was allowed immediately after the
procedure, beginning with liquid followed by a semisolid or
soft diet, if possible. When uncovered stents were occluded
by tumor ingrowth, a covered stent was reimplanted
through the first stent to palliate tumor ingrowth through
openings between the mesh. A good clinical outcome
was defined as an immediate improvement in the patient’s
oral intake, thereby obviating the need for other palliative
options. Follow-up investigations were performed only if
symptoms recurred.
Statistical analysis
Survival was calculated using the Kaplan-Meier estimator.
The date of censoring was the date of death. Cumulative
stent patency was also tabulated using Kaplan-Meier plots.
Censored data were determined by patients without stent
occlusion and still alive, while events were determined by
patients with stent occlusion, dislocation, or death.

RESULTS
Stent implantation
Stent implantation was successful in all 53 patients, and
we used uncovered stents initially to prevent migration. A
complementary hydrostatic dilation of the stent was not
needed.
Clinical outcomes and complications
Relief of major clinical symptoms (nausea, abdominal
distension, reflux symptoms, vomiting) was achieved in 43
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of 53 (81.1%) patients. A total of 4 of 43 (9.3%) patients
could eat solid food, 25 patients (58.1%) tolerated a soft
diet, and 14 patients (32.6%) continued to take liquids
alone. Of the 53, 10 (18.9%) patients had intermittent
episodes of vomiting, and their diets were modified as
necessary (Table 2).
During the stent-insertion procedure, no major
complications such as serious bleeding, bowel perforation,
infection, or procedure-related mortality were noted. After
the insertion of the stent, only minor complications such
as mild abdominal pain occurred. During follow-up, stentrelated problems required treatment in 17 patients (32.1%).
Distal stent migration occurred partially in 2 patients
(3.8%), 36 and 149 d after stent insertion, respectively, with
resultant recurrence of obstructive symptoms. A second
stent was inserted to overlap the first, which resulted in
immediate relief of symptoms. Stent obstruction caused
by proximal and distal tumor overgrowth occurred in 1
patient (1.9%) at 331 d after deployment. Tumor ingrowth
through the stent mesh was observed in 14 patients (26.4%)
at a mean of 78.4 d after the initial procedure. We defined
early restenosis as a stent obstruction from tumor ingrowth
within 4 wk after first stent implantation, and identified
its development in 5 of 43 (11.6%) patients. Occlusion
was identified clinically, radiologically, and endoscopically.
We reimplanted covered stents in those who had tumor
ingrowth or overgrowth.
Survival and stent patency
The mean follow-up period for the patients was 145 d
(range, 4-718 d). The mean survival was 145 d (SD; ±
150.4 d) (Figure 1), and median stent patency time was 187
d (95% CI, 39-335) (Figure 2). The overall 30-d mortality
was 10 of 53 patients (18.9%).

DISCUSSION
Malignant gastric outlet obstruction is a distressing
complication of gastric cancer that results in inexorable
deterioration of patient quality of life. Although surgical
palliation is an available option in such patients, the results
of palliative gastric bypass surgery are poor with high rates
of morbidity and mortality[6-8]. Because of the limitations
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Figure 1 Survival curve of 53 patients with malignant gastric outlet obstruction
caused by stomach cancer treated with SEMS.
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53 (100)
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43 (81.1)
9.3 (4/43)
58.1 (25/43)
32.6 (14/43)
10 (18.9)
17 (32.1)
14 (26.4)
1 (1.9)
2 (3.8)
145 (4-718)
145 (± 150.4)
187 (33-335)
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Table 2 Clinical outcomes after stent insertion in 53 patients
with stomach cancer
Technical success, n (%)
Clinical success, n (%)
Tolerated diet, %
Regular diet, %
Soft diet
Liquid diet
30-d mortality, n (%)
Reintervention, n (%)
Tumor ingrowth
Tumor overgrowth
Stent migration
Mean follow up period, d
Mean survival, d (SD)
Mean stent patency, d (range)
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Figure 2 Survival curve showing the probability of stent patency among 53
patients with malignant gastric outlet obstruction caused by stomach cancer
treated with SEMS.

of surgery and because many patients are elderly, frail,
and in an advanced stage of disease, various techniques
for restoration of bowel function by non-surgical means
(eg, balloon dilation and laser photoablation) have been
proposed; all have met with limited success[9,10].
Since the endoscopic application of SEMS to malignant
gastric outlet obstruction in the early 1990s, the use of
SEMS to pass through an obstructing neoplasm with
minimal morbidity has become increasingly widespread.
SEMS insertion becomes popular for treatment of
malignant gastric outlet obstruction because it provides
prolonged patency and simple, safe, and effective palliation
in these patients.
However, the results of previous studies suggested
limitations in stent patency and overall survival; these
studies included heterogeneous patient groups with different
causes of gastric outlet obstruction or using different
types of stents. To explore the effect and complications of
pyloric stents in patients with stomach cancer, we excluded
patients with gastric outlet obstruction resulting from other
types of cancer. To date, this is the first and largest study of
endoscopic stenting for malignant gastric outlet obstruction

Kim TO et al. Self-expandable metallic stents for malignant gastric outlet obstruction

resulting from stomach cancer only.
The results of the present study are similar or
superior to those of prior published studies of enteral
stent insertion for malignant gastric outlet obstruction
with respect to technical success [11-15] . When we had
difficulties performing the procedure, we modified the
stenting technique, including using a more hydrophilic
Terumo guidewire, stiffer guidewire, or a therapeutic
duodenoscope; these modifications helped us overcome
difficulties and achieve successful stenting. In our study,
enteral stent placement allowed 81.1% of patients to
resume an oral diet, an outcome similar to that reported
in other studies[11,12,14-16]. The complications related to stent
insertion in the present study are less than those noted in
previous studies[12-14].
Restenosis by tumor ingrowth is the most common
problem of uncovered stents, and some studies describe
the use of covered stents to prevent this complication.
Despite their ability to prevent tumor ingrowth, covered
stents have been reported to migrate more often (more
than 20%) than uncovered stents [17,18]. Stent migration
could cause bleeding, perforation, or obstruction and
require operation. Recently, a new double-layered
combination stent (outer uncovered and inner covered
dual stent, a Combi pyloric stent) was developed to
prevent tumor ingrowth and migration and prolong stent
patency in patients with gastric outlet obstruction. More
data are needed to confirm the above results. Based on
these results, we used uncovered stents initially. Recurrent
stenosis of the stent because of progressive tumor
ingrowth was a problem because most of the stents used
were uncovered. Tumor ingrowth occurred in 14 (26.4%)
patients at a mean of 78.4 d in our study. Overall recurrent
stenosis rates of 8%-46% at an interval of 2-21 wk (mean,
7.5 wk) have been reported in other studies[14,15,19-24]. It
is difficult to compare our results with results of other
studies because other reports included patients with a
variety of cancers. Early restenosis within 4 wk after
stenting occurred in 5 (11.6%) patients in the current
study. This result is similar to our previous result (14.3%
for total gastric outlet obstruction patients and 10% for
stomach cancer patients) and lower than our results for
patients with recurrent malignant obstruction after gastric
surgery (60%, unpublished data). Obstruction by tumor
ingrowth usually is managed with placement of additional
covered stents through the original stent.
Stent patency is influenced partly by tumor ingrowth
and survival, which are also influenced by disease type.
Survival is influenced by underlying diseases also. Our
results of mean patient survival time and median stent
patency time are somewhat longer than previously
reported results[2,5,13-15], however, as stated, comparisons are
difficult because ours is the sole report addressing gastric
outlet obstruction resulting from stomach cancer only.
Thus, the reason for these differences is not clear, but the
primary illnesses that caused the gastric outlet obstruction
can be the most important factor. In most western reports,
the most common primary illness related to gastric outlet
obstruction is pancreatic cancer, and most gastric outlet
obstruction develops in the terminal stage in patients with
pancreatic or biliary cancer. While in our report, stomach

919

cancer was the sole primary disease. When compared with
surgical palliation, endoscopic stenting decreases the length
of hospital stay and improves survival and oral intake.
All published series on SEMS in the upper gastrointestinal
tract are retrospective. The studies all differ in stent
types used, and the populations differ with regard to the
demographic characteristics and etiologic causes of the
upper GI obstruction. There are no exact criteria regarding
the selection of an uncovered stent versus a covered
stent; studies are retrospective with varying definitions of
complications; and a variety of stent types and insertion
methods are used. Although our study is also retrospective
with several similar limitations, it includes a more
homogeneous patient group compared to previous studies.
In conclusion, SEMS placement is a safe and effective
treatment for the palliation of patients with inoperable
malignant gastric outlet obstruction caused by stomach
cancer. Therefore, it should be considered as the primary
choice over palliative resection for the palliation of
obstruction in such patients.
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Abstract
AIM: To evaluate different types of treatment for
sigmoid volvulus and clarify the role of endoscopic
intervention versus surgery.
METHODS: A retrospective review of the clinical
presentation and imaging characteristics of 33 sigmoid
volvulus patients was presented, as well as their
diagnosis and treatment, in combination with a literature
review.
RESULTS: In 26 patients endoscopic detorsion was
achieved after the first attempt and one patient died
because of uncontrollable sepsis despite prompt
operative treatment. Seven patients had unsuccessful
endoscopic derotation and were operated on. On
two patients with gangrenous sigmoid, Hartmann’s
procedure was performed. In five patients with viable
colon, a sigmoid resection and primary anastomosis
was carried out. Three patients had a lavage “on
table” prior to anastomosis, while in the remaining 2
patients a diverting stoma was performed according
to the procedure of the first author. Ten patients were
operated on during their first hospital stay (3 to 8 d after
the deflation). All patients had viable colon; 7 patients
had a sigmoid resection and primary anastomosis, 2
patients had sigmoidopexy and one patient underwent
a near-total colectomy. Two patients (sigmoidectomysigmoidopexy) had recurrences of volvulus 43 and 28
mo after the initial surgery. Among 15 patients who
were discharged from the hospital after non-operative
deflation, 3 patients were lost to follow-up. Of the

remaining 12 patients, 5 had a recurrence of volvulus
at a time in between 23 d and 14 mo. All the five
patients had been operated on and in four a gangrenous
sigmoid was found. Three patients died during the 30 d
postoperative course. The remaining seven patients were
admitted to our department for elective surgery. In these
patients, 2 subtotal colectomies, 3 sigmoid resections
and 2 sigmoidopexies were carried out. One patient with
subtotal colectomy died. Taken together of the results,
it is evident that after 17 elective operations we had
only one death (5.9%), whereas after 15 emergency
operations 6 patients died, which means a mortality rate
of 40%.
CONCLUSION: Although sigmoid volvulus causing
intestinal obstruction is frequently succe s s ful ly
encountered by endoscopic decompression, however,
the principal therapy of this condition is surgery. Only
occasionally in patients with advanced age, lack of bowel
symptoms and multiple co-morbidities might surgical
repair not be considered.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although sigmoid volvulus is uncommon in Western
Europe, it nevertheless constitutes the third leading
cause of large bowel obstruction in adults[1]. The main
predisposing factor to sigmoid volvulus is a long,
redundant sigmoid colon with an elongated mesentery,
which is prone to twisting on itself. Sigmoid volvulus is
an abdominal emergency occurring more commonly in
the elderly, particularly in individuals with dementia or a
psychiatric illness[1,2] and has a high mortality rate up to
50% in each episode[3]. In elderly patients who have no
www.wjgnet.com
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signs of peritonitis or bowel gangrene an initial attempt
with non-operative reduction is justified. After a successful
non-operative reduction, an elective resection of the
sigmoid colon is recommended as the risks of elective
surgery are less compared with those associated with
recurrent volvulus. We report the results of a series of 33
adult patients with a mean follow-up of 4.5 year (range
2-18 year) supporting this assumption.
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Figure 1 Plain abdominal
film showing sigmoid
volvulus.

MATERIALS AND METHODS
In the period of 1984-2003, 33 patients (18 males and
15 females) ranging in age between 58 and 89 year, were
treated for sigmoid volvulus at the 2nd Department of
Propaedeutic Surgery, Medical School, Athens University,
Laiko General Hospital in Greece. The hospital records
of these thirty three patients were retrospectively
reviewed. All patients were admitted to our department
on an emergency basis due to abdominal pain, vomiting
and abdominal distention. Among these patients, 7 were
institutionalized. Abdominal radiographs and CT scans
were indicative of sigmoid volvulus (Figures 1 and 2),
showing marked bowel dilatation and fluid levels, while the
outline of twisted loop was evident.

RESULTS
All patients were actively resuscitated by means of
nasogastric suction and correction of fluid-electrolyte
imbalance, while broad-spectrum antibiotics were started
immediately after admission. Subsequently, all patients,
without signs of peritonitis, underwent sigmoidoscopy
post bowel preparation with edema. In 26 patients
detorsion was achieved after the first attempt. However,
one patient developed septic peritonitis four days after
detorsion and even though he was immediately operated
on, he passed away.
Seven patients had unsuccessful endoscopic derotation
and were operated on within 48 h after their admission. In
two patients with gangrenous sigmoid, Hartmann’s procedure
was perfor med, however, one patient died. In five
patients with viable colon, sigmoid resection and primary
anastomosis were carried out (Figure 3). Three patients
had a lavage “on table” prior to anastomosis, while in the
remaining 2 patients a diverting stoma according to the
technique of the first author (MS) was used (Figure 4).
Ten patients were operated on during their first
hospital stay (3 to 8 d after the deflation). All patients
had viable colon; 7 patients had a sigmoid resection
and primary anastomosis, 2 patients had sigmoidopexy
and one patient underwent a near-total colectomy. Two
patients (sigmoidectomy-sigmoidopexy) had recurrences
of volvulus 43 and 28 mo after the initial surgery. Among
15 patients who were discharged from the hospital after
the non-operative deflation, 3 patients were lost to followup. Of the remaining 12 patients, 5 had a recurrence of
volvulus at a time in between 23 d and 14 mo. All the five
patients had been operated on and in four a gangrenous
sigmoid was found. Three patients died during the 30 d
postoperative course. The remaining seven patients were
admitted to our department for elective surgery. In these
www.wjgnet.com

Figure 2 CT scan showing dilated colon due to its torsion.

Figure 3 Surgical specimen of sigmoid volvulus showing the distention of the
bowel.

patients, 2 subtotal colectomies, 3 sigmoid resections
and 2 sigmoidopexies were carried out. One patient with
subtotal colectomy died. Taken together of the results, it
is evident that after 17 elective operations we had only one
death (mortality rate: 5.9%), whereas after 15 emergency
operations 6 patients died (mortality rate: 40%). In Figure
5 the course of 33 patients is schematically depicted.

DISCUSSION
S i g m o i d vo l v u l u s i s t h e m o s t c o m m o n c a u s e o f
strangulation of the colon and is also the cause for 1% to
7% of all intestinal obstructions in Western countries[4].
Many patients with sigmoid volvulus have clinical findings

Safioleas M et al . Sigmoid volvulus
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Figure 4 Schematic representation
of the procedure described by
Michael Safioleas, i.e. Sigmoidectomy,
primary anastomosis and diverting
stoma. The technique is introduced in
International Journal of Colorectal
Disease 2006 vol: 21.

33p Sigmoid
volvulus

Attempt for
endoscopic
detorsion

26p Successful
endoscopic
detorsion

1p Developed
peritonitis
died

indicating a disorder of bowel movement [5,6], such as
constipation and abdominal distention long before the
development of a sigmoid volvulus. Some researchers
have claimed that sigmoid volvulus might be one of the
disorders allied with Hirschsprung’s disease[7]. It is also a
fact that patients undergoing sigmoidectomy for sigmoid
volvulus frequently suffer from elongation and dilatation
of the remaining colon and some even require surgery
for revolvulus[8]. The disease is rare in children[9]; however,
if it occurs, it may result in acute intestinal obstruction,
unlike in adults where the obstruction may be subacute
and progressive[10]. In our series 19 patients had a history
of undetermined abdominal pain during the period of 3 to
9 mo. Moreover, besides chronic constipation and despite
the use of laxatives[2,11], other risk factors that predispose
to sigmoid volvulus are considered as follows: (1) a course
with high fiber diet, (2) pregnancy, (3) pelvic tumors or
cysts, (4) previous abdominal surgery. Concerning the
last factor, the presence of a band attaching the sigmoid
colon to the abdominal wall can act as an axis for volvulus.
Furthermore, it is supposed that the loss of ganglion cells
is only a consequence, not a cause, since the exact cause
leading to sigmoid volvulus is not clear[12].
All these conditions may produce a large, redundant
sigmoid colon, in association with mesocolon, long and
narrow at its parietal attachment, resulting in the two ends
of the loop being close together, under which condition,
the bowel is capable of becoming torted around its central
mesenteric axis.
Although sigmoid volvulus has been well studied for
many decades, its treatment appears to be still evolving[3];
however, over the past two decades, resection and primary
anastomosis has emerged as the preferable treatment for
this disease[13]. Whether endoscopic deflation is feasible to
perform prior to surgery is an optimal choice. Unfortunately
endoscopic detorsion is not always successful. In Western
countries a 30% failure has been reported[14-16].
In our department, since 1995, we have always followed
such a strateg y. Initially, we attempt an endoscopic
deflation and if it is unsuccessful we proceed to an
emergency operation; while if detorsion has been achieved
the operation is performed after 3 to 8 d by a semi-elective
or elective way. In the majority of cases resection of
the involved sigmoid colon is carried out, in which case
primary anastomosis is the goal, either after “on table”
lavage, or applying a diverting stroma[17].
In the presence of megacolon, a near-total colectomy

7p Failure of
endoscopic
detorsion

Urgent
operation

10p Operated
on
st
during 1 hosp
7p SR-pa
2p sigmoidopexy
1p n-TC

2p g.s./died

Sp v.s. SR
3p SR-p.a (lavage on table)
2p SR-p.a (ms procedure)

15P Discharged

3p Lost +
follow-up

12p Operated
on during
nd
2 hosp
5p Recurrence of
volvus Aml g.s.
3p Died (Hartmann)
2p survived
(Hartmann MS p)

Abbreviations:
p = patients,
SR = Sigmoid Resection,
p.a. = primary anastomosis,
n. TC = near Total Colectomy
g.s. = gangrenous sigmoid
MS proc = Technique described by Michael Safioleas

7p Elective surgery
2p n TC/1p died
3p SR-pa
2p Sigmoidopexy

Figure 5 Schematic depiction of the course of 33 patients suffering from volvulus
of the sigmoid colon and treated in our department.

is required. Furthermore, various procedures have been
adopted for sigmoid volvulus in adult patients, such
as mesosigmoidoplasty, sigmoidopexy, tube sigmoid
colostomy or mesocoloplasty. In patients with sigmoid
resection a recurrence is possible in approximately 25%
to 35% cases[5,13,18]. The mortality rate ranges from 1%
to 9% for viable colon [15,19], and 25% for gangrenous
volvulus[15]. Colonic resection for non-gangrenous sigmoid
volvulus has an acceptably low rate of complications,
particularly when it is done as a semi-elective procedure,
i.e., subsequent to endoscopic detorsion and deflation[20].
Finally, recurrent volvulus after resection has been reported
at an incidence rate ranging from 24% to 33% of cases[5,18].
In conclusion, even though sigmoid volvulus causing
intestinal obstr uction is frequently encountered in
endoscopic decompression, this condition should be
definitely treated by surgery; and only occasionally in
patients with advanced age, lack of bowel symptoms,
having multiple co-morbidities might surgical repair not be
considered.
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Abstract
AIM: To validate and compare the cost of microdose 14C
urea breath test (UBT) with histology and rapid urease
test for the diagnosis of H Pylori .
METHODS: Ninety-four consecutive patients with
dyspeptic symptoms undergoing gastroscopy were
enrolled. Gastric biopsies were taken for histology and
rapid urease test. UBT was performed after gastroscopy
14
by microdose C urea capsules. Sensitivity, specificity
and accuracy of UBT were calculated and compared
with histology and rapid urease test. Cost comparison of
these tests was also performed.
RESULTS: H pylori was diagnosed by histology and
rapid urease test in 66 (70%) and 61 (65%) patients,
14
while C UBT detected infection in 63 (67%). Accuracy
of UBT was 93% in comparison with histology while its
positive and negative predictive values were 97% and
14
84%, respectively. Comparison of C UBT with rapid
urease test gives an accuracy of 96%, with positive and
negative predictive values of 95% and 97%, respectively.
These results were highly reproducible with a Kappa test
(P value < 0.001). Cost of histology or rapid urease test
with gastroscopy was 110 USD or 95 USD respectively
while the cost of UBT was 15 USD.
CONCLUSION: Microdose 14C UBT was comparable
14
to histology and rapid urease test. C UBT is an
economical, self sufficient and suitable test to diagnose
active H pylori infection in less developed countries.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H Pylori is a gram negative, microaerophilic human
pathogen which is prevalent worldwide. H Pylori infection
causes gastritis and is associated with development
of peptic ulcer disease, gastric carcinoma, lymphoma,
micronutrient deficiencies and ischemic heart disease[1,2].
The International Agency for Research on Cancer
classified H Pylori as group 1 carcinogen (a definite cause
of cancer in humans)[3].
H Pylori can be diagnosed by invasive techniques
requiring endoscopy and biopsy such as histology, tissue
culture and detection of H Pylori by polymerase chain
reaction. The non-invasive techniques for the diagnosis of
H Pylori include serum H Pylori antibody titer, urea breath
test (UBT) and H Pylori stool antigen test. A reliable, noninvasive and economical diagnosis is a best choice for the
management of H Pylori in both test and treatment.
Among the non-invasive tests, UBT is supposed to be
a gold standard test for the diagnosis of H Pylori infection.
UBT is based on enzymatic hydrolysis of labeled urea in
the stomach by urease, an enzyme produced in abundance
by H Pylori. In the presence of H Pylori infection, urea is
hydrolyzed to ammonia and carbon dioxide (CO2). This
labeled CO2 is exhaled and measured for radioactivity.
Bacteria other than H Pylori that produce urease in a small
amount cannot survive in the gastric mucosa.
There are two types of UBT, 13C UBT and 14C UBT.
The former is difficult to analyze because it requires
sophisticated infrastructure such as a mass spectrometer,
technical expertise and therefore costly while 14C UBT is an
easily available technique that uses 14C urea capsules with a
5, 3 or 1 uCi dose. The microdose 1 uCi (Helicap) utilizes
a very low dose of radiation[4,5]. Considering these facts,
in 1997 the Nuclear Regulatory Commission permitted
in vivo diagnostic use of capsules containing 1 uCi of 14C urea
without a license[6]. The equipment is small, portable and
can be placed on a desktop. Microdose 14C UBT is claimed
to be a reliable and economical diagnostic test for H Pylori
infection, which may be used even in remote areas with
limited resources.
www.wjgnet.com
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This prospective study was done to determine the
validity and cost of microdose 14C UBT in comparison
with histology and rapid urease test for the diagnosis of
H Pylori.

MATERIALS AND METHODS
All consecutive men and non-pregnant women with
dyspeptic symptoms undergoing gastroscopy were
considered for enrollment.
Dyspepsia was defined as the presence of one or more
of the postprandial fullness, early satiation, or epigastric
pain or burning for the last three months with symptom
onset at least six months before diagnosis according to the
latest Rome Ⅲ criteria[7].
Inclusion criteria
Patients of both genders with dyspepsia were 18-70 years
in age. Patients with a history of recent intake of proton
pump inhibitor and antibiotics were enrolled only if four
weeks have passed since last systemic antibacterial or
bismuth medication therapy and 1 wk since last use of
proton pump inhibitor or H2-receptor antagonist.
Exclusion criteria
Pregnant women, patients who had gastric surgery, patients
with a history of H Pylori eradication therapy in the past six
months and patients with active gastrointestinal bleeding
were excluded from the study.
Ethical clearance
Study protocol was approved by the institutional ethical
review committee. Written informed consent was obtained
from all patients before enrollment.
Endoscopy and biopsy sampling
After overnight fast, esophago-gastro-duodenoscopy
was performed with Olympus or Pentax videoscope.
Six biopsies were taken, three from antrum and other
three from the body of stomach from each patient. Two
biopsies, one from the antrum and the other from the
body were used for rapid urease test and the other four (two
from antrum and two from body) for histology.
Rapid urease test
Rapid urease test kit (Pronto Dry, Medical Instrument
Corp., France) was used to detect the presence of H Pylori
urease[8]. Result was read in 30 min and 1 h after sampling.
The color change from yellow to pink was considered
positive and no color change as a negative result. Results
were interpreted by either endoscopist or his assistant who
were blinded about the results of UBT and histology.
Histology
Four biopsy specimens (two from corpus and two from
antr um) were processed separately for histological
e x a m i n a t i o n a c c o r d i n g t o s t a n d a r d p r o c e d u r e.
Hematoxylin and eosin (HE) and Giemsa staining was
performed on these samples. Results were interpreted by
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a pathologist who was blinded about the results of UBT
and rapid urease test. Pathologist commented on the active
and chronic H Pylori infection based on the presence of
H Pylori along with neutrophils, eosinophils, lymphocytes,
lymphoid follicles, and intestinal metaplasia according to
the classification by Genta RM et al[9].
14

C UBT
Patients swallowed 37 kBq (1 uCi) of an encapsulated
for m of 14 C-urea/citric acid composition (Helicap,
Noster System AB Stockholm, Sweden) with water after
endoscopy. Breath samples were collected with a special
dry cartridge system (Heliprobe Breath Card, Noster
System AB Stockholm, Sweden) after 10 min. Patients
exhaled gently into the cartridge mouthpiece until the
indicator membrane changed in color from orange to
yellow. Breath card was inserted into a β -scintillation
counter (Heliprobe-analyser, Noster System AB
Stockholm, Sweden) and activity was counted for 250 s.
This is a portable machine that can be placed on a desktop.
Results were expressed both as counts per minute (HCPM)
and as grade (0: not infected, CPM < 25; 1: equivocal,
CPM 25-50; 2: infected, CPM > 50), which was suggested
by the producer according to the counts obtained from the
cartridges[10]. Grades 0 and 1 were considered negative for
the detection of H Pylori.
Statistical analysis
The statistical package for social science SPSS (release
11.5, standard version, copyright © SPSS) was used
for data analysis. The descriptive analysis was done for
demographic features. Results were presented as mean ± SD
in number (percentage).
Sensitivity, specificity, positive and negative predictive
values of UBT with 95% confidence inter vals were
calculated against histology and rapid urease test. Kappa
test was applied to check the reproducibility of the results.
Cost comparison of these diagnostic methods was also
performed.

RESULTS
Ninety-four consecutive patients with dyspeptic symptoms
undergoing gastroscopy were enrolled for the validity of
microdose 14C UBT. There were 60 (64%) men and the
mean age of study group was 40.8 ± 12.8 years. H Pylori
infection was diagnosed by histology in 66 (70%) patients
and by rapid urease test in 61 (65%) patients. UBT
detected active H Pylori infection in 63 (67%) patients.
Demographic characteristics of the patients and results of
these diagnostic tests are summarized in Table 1.
14

C UBT vs histology
In comparison with histology, UBT has a sensitivity and
specificity of 92% (95% CI: 87%-95%) and 93% (95% CI:
79%-99%), respectively. The positive predictive value (PPV)
of 14C UBT was found to be 97% (95% CI: 91%-99%)
and negative predictive value (NPV) was 84% (95% CI:
72%-89%) compared with histology. These results show
that UBT has an accuracy of 93% as compared with

14
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Table 1 Patient demographics and results of H Pylori detection
by various tests (n = 94), mean ± SD
Parameters
Gender
Male
Female
Age (yr)
Histopathology
Positive
Negative
UBT
Positive
Negative
Rapid urease test
Positive
Negative

927

14

Table 2 Sensitivity and specificity of C UBT against
histopathology and rapid urease test for H Pylori diagnosis
(n = 94)

n (%)
60 (64)
34 (36)
40.8 + 12.8
66 (70)
28 (30)
63 (67)
31 (33)
61 (65)
33 (35)

histology. Kappa test result was 0.805 with P value < 0.001,
indicating that these results were reproducible (Table 2).

UBT
compared to:
Histopathology
Rapid
urease test

Cost analysis
At the time of this study, the cost of gastroscopy was 90
USD while the cost of histology and rapid urease test was
20 USD and 5 USD in our institute. Therefore, the overall
cost of H Pylori diagnosis by histology was 110 USD and
95 USD by rapid urease test. The cost of UBT was only
15 USD in our institute.

DISCUSSION
Current guidelines for the management of H Pylori
infection recommend eradication treatment without
performing endoscopy in patients under 45 years of age
who have no remarkable symptoms[11-13]. The use of noninvasive tests has been advocated in different strategies
for management of dyspeptic patients in the primary care
based on clinical and economical analyses[14,15].
Invasive diagnostic tests for H Pylori diagnosis need
gastroscopy that requires sedation and monitoring during
the procedure by trained staff and expertise. These
diagnostic tests are costly and require an established
healthcare infrastructure.
In practical terms, invasive tests for the diagnosis
of H Pylori are not feasible, especially in less developed
countries. An economical, reliable and office based
diagnostic test is therefore, more appropriate in settings of

92%
(87-95)
98%
(93-99)

93%
(79-99)
91%
(80-94)

97%
(91-99)
95%
(89-97)

84%
(72-89)
97%
(86-99)

93%
96%

UBT: urea breath test; PPV: positive predictive value; NPV: negative
predictive value; CI: confidence interval.

Table 3 Discordant results between histopathology,
and rapid urease test for H Pylori diagnosis (n = 94)
Groups
Group 1

14

C UBT vs rapid urease test
In comparison of UBT and rapid urease test, the
sensitivity and specificity of UBT were 98% (95% CI:
93%-99%) and 91% (95% CI: 80%-94%). The PPV and
NPV were 95% (95% CI: 89%-97%) and 97% (95% CI:
86%-99%), respectively. UBT has an accuracy of 96% in
comparison with rapid urease test. Result of Kappa test
was 0.881 (P ≤ 0.001) which showed a good response
(Table 2).
Four patients with histological evidence of H Pylori
infection had negative results with UBT and rapid urease
test. The discordant results between histology, UBT and
rapid urease test are shown in Table 3.

Sensitivity Specificity
PPV
NPV
Accuracy
(95% CI) (95% CI) (95% CI) (95% CI)

Group 2

Patients (n )
59
2
1
4
1
1
26

Histopathology
+
+
+
+
-

14

C UBT

UBT

RUT

+
+
+
+
-

+
+
+
-

UBT: urea breath test; RUT: rapid urease test; +: positive; -: negative.

under privileged and cost constraint societies.
Other factors that determine choice of diagnostic tests
apart from accuracy, in primary care setting include the
availability of test, ease to perform, cost, self-sufficiency
and acceptance by the patients. Present study has shown
that microdose 14C UBT has all these features.
Our study has demonstrated a high accuracy of
microdose 14C UBT for the detection of H Pylori infection
comparable to histological diagnosis of H Pylori. The
results of present study are comparable to other studies,
with a sensitivity and specificity of more than 90% for the
diagnosis of H pylori infection[16-18].
The sensitivity and specificity of 14 C UBT were
98% and 91% while PPV and NVP were 95% and 97%
respectively, compared with rapid urease test. The overall
accuracy was 96%. These results are similar to another
study that found a 93% sensitivity, 96% specificity and
95% accuracy in comparison with rapid urease test [19].
Moreover, studies using a combination of histopathology
and rapid urease test as a gold standard has also reported
a comparable sensitivity and specificity of 14C UBT above
90%[20,21].
H Pylori Stool Antigen (HpSA) test is a promising
non-invasive test. This test seems to be equivalent to
the UBT in terms of its yield of diagnosing H Pylori[22].
However, collection of stools may be a disagreeable task
for many patients and it is difficult to manage in office
based settings. H Pylori serum antibody test is another noninvasive test. It has a low sensitivity and specificity and it
does not indicate active H Pylori infection because antibody
titers can remain high for a long period despite adequate
treatment[23]. It is one of the best tests for estimation of
sero-prevalence of H Pylori, unfortunately it is not an ideal
www.wjgnet.com
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test for the diagnosis of active H Pylori infection.
It has been shown that UBT becomes false negative
during treatment with proton pump inhibitors and H-2
blockers[24,25]. However, it has been observed recently that
addition of citric acid in the urea capsule may diminish the
negative effect of acid inhibitory drugs on the accuracy
of 14C UBT[26]. Although we used an acidified 14C urea
capsule (Helicap), we preferred to discontinue antiacid medications for at least seven days before the test.
Controversies exist regarding the best diagnostic test for
H Pylori among patients with active upper GI bleeding.
13
C UBT was found better than histology and rapid urease
test by a few studies in patients with active upper GI
bleeding[27,28]. However, validity of 14C UBT in patients
with active upper GI bleeding has never been assessed.
Concerns about the radiation hazard can be raised
against 14C UBT. However, it has been found in practice
that by using microdose 14C UBT, only a small amount
of isotope was used and the test actually entailed low
radiation exposure (3 mSv)[29,30].
Nearly the entire ingested isotope is rapidly excreted in
urine or breath within 72 h. Recently safety of microdose
14
C UBT has been established even in young children[31].
In conclusion, microdose 14C UBT is a highly sensitive
and specific non-invasive test comparable to the invasive
methods such as histology and rapid urease test used for
H Pylori diagnosis. This test requires no sophisticated
infrastructure. 14C UBT is self-sufficient and easy to
perform with readily available results. In our opinion,
this is one of the best options for detection of H Pylori
infection in office based settings, especially in less
developed countries.
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Dyspepsia is defined as the presence of one or more symptoms of the postprandial
fullness, early satiation, epigastric pain or burning for the past three months with
symptom onset at least six months before the diagnosis according to the latest
Rome Ⅲ criteria. 14C UBT is available in 5, 3 and 1 uCi dose. The microdose 1
uCi (Helicap) utilizes a very low dose of radiation.

Peer review

This is an interesting paper which addresses an important issue in the diagnosis
of H pylori infection. Authors reported that the microdose 14C UBT is a simple,
less expensive and accurate test to diagnose H pylori infection. The paper is well
written and conclusions are supported by results.

REFERENCES
1
2

3

4

5

6
7
8

9
10

Research frontiers

11

Innovations and breakthrough

12
13

14

C UBT is not a commonly used diagnostic method and there are only few studies
about the accuracy of 14C UBT for H pylori diagnosis. This study concluded that
the sensitivity and specificity of microdose 14C UBT is comparable to mostly used
invasive diagnostic tests, such as histopathology and rapid urease test.

Application

Microdose 14C UBT may be utilized for the non-invasive diagnosis of H pylori
especially in the areas lacking an established health care structure. It can be
www.wjgnet.com

Number 6

Terminology

H pylori is one of the most prevalent infection organisms, especially in low
socio-economic societies. It is associated with intestinal and extra-intestinal
manifestations including malignancy. There is a need to establish cost-effective
eradication strategies especially in less developed countries.

Microdose 14 C Urea Breath Test (UBT) is carried out without the use of
sophisticated equipment and specialized trained personnel. There is a need to
compare the diagnostic usefulness of 14C UBT with other diagnostic modalities
such as histopathology and rapid urease test for H pylori detection. This
comparison will help establish the value of 14C UBT in resource constraint settings.

Volume 13

used in accordance with the “test and treatment” policy in patients with dyspepsia
without remarkable features.

COMMENTS
Background

February 14, 2007

14
15

Fennerty MB. Helicobacter pylori: why it still matters in 2005.
Cleve Clin J Med 2005; 72 Suppl 2: S1-S7; discussion S14-S21
Zhang C, Yamada N, Wu YL, Wen M, Matsuhisa T, Matsukura
N. Helicobacter pylori infection, glandular atrophy and
intestinal metaplasia in superficial gastritis, gastric erosion,
erosive gastritis, gastric ulcer and early gastric cancer. World J
Gastroenterol 2005; 11: 791-796
Schistosomes, liver flukes and Helicobacter pylori. IARC
Working Group on the Evaluation of Carcinogenic Risks to
Humans. Lyon, 7-14 June 1994. IARC Monogr Eval Carcinog
Risks Hum 1994; 61: 1-241
Hamlet AK, Erlandsson KI, Olbe L, Svennerholm AM,
Backman VE, Pettersson AB. A simple, rapid, and highly
reliable capsule-based 14C urea breath test for diagnosis of
Helicobacter pylori infection. Scand J Gastroenterol 1995; 30:
1058-1063
Bielański W, Konturek SJ, Dobrzańska MJ, Pytko-Polończyk
J, Sito E, Marshall BJ. Microdose 14C-urea breath test in
detection of Helicobacter pylori. J Physiol Pharmacol 1996; 47:
91-100
Radioactive drug: capsules containing carbon-14 urea for “in
vivo” diagnostic use for humans. USA: Nuclear Radioactive
Committee, 1998: 10 CFR §30.21
Tack J, Talley NJ, Camilleri M, Holtmann G, Hu P, Malagelada
JR, Stanghellini V. Functional gastroduodenal disorders.
Gastroenterology 2006; 130: 1466-1479
Marshall BJ, Warren JR, Francis GJ, Langton SR, Goodwin
CS, Blincow ED. Rapid urease test in the management
of Campylobacter pyloridis-associated gastritis. Am J
Gastroenterol 1987; 82: 200-210
Genta RM, Lew GM, Graham DY. Changes in the gastric
mucosa following eradication of Helicobacter pylori. Mod
Pathol 1993; 6: 281-289
Hegedus O, Rydén J, Rehnberg AS, Nilsson S, Hellström
PM. Validated accuracy of a novel urea breath test for rapid
Helicobacter pylori detection and in-office analysis. Eur J
Gastroenterol Hepatol 2002; 14: 513-520
Current European concepts in the management of Helicobacter
pylori infection. The Maastricht Consensus Report. European
Helicobacter Pylori Study Group. Gut 1997; 41: 8-13
The report of the Digestive Health InitiativeSM International
Update Conference on Helicobacter pylori. Gastroenterology
1997; 113: S4-S8
Lam SK, Talley NJ. Report of the 1997 Asia Pacific Consensus
Conference on the management of Helicobacter pylori
infection. J Gastroenterol Hepatol 1998; 13: 1-12
Pathak CM, Bhasin DK, Khanduja KL. Urea breath test for
Helicobacter pylori detection: present status. Trop Gastroenterol
2004; 25: 156-161
McColl KE, Murray LS, Gillen D, Walker A, Wirz A, Fletcher
J, Mowat C, Henry E, Kelman A, Dickson A. Randomised trial
of endoscopy with testing for Helicobacter pylori compared
with non-invasive H pylori testing alone in the management
of dyspepsia. BMJ 2002; 324: 999-1002

14

Rasool S et al . C UBT for H Pylori diagnosis
16

17

18
19

20
21

22

23

Oztürk E, Yeşilova Z, Ilgan S, Arslan N, Erdil A, Celasun B,
Ozgüven M, Dağalp K, Ovali O, Bayhan H. A new, practical,
low-dose 14C-urea breath test for the diagnosis of Helicobacter
pylori infection: clinical validation and comparison with
the standard method. Eur J Nucl Med Mol Imaging 2003; 30:
1457-1462
Peura DA, Pambianco DJ, Dye KR, Lind C, Frierson HF,
Hoffman SR, Combs MJ, Guilfoyle E, Marshall BJ. Microdose
14C-urea breath test offers diagnosis of Helicobacter pylori in
10 minutes. Am J Gastroenterol 1996; 91: 233-238
Faigel DO, Childs M, Furth EE, Alavi A, Metz DC. New
noninvasive tests for Helicobacter pylori gastritis. Comparison
with tissue-based gold standard. Dig Dis Sci 1996; 41: 740-748
Tewari V, Nath G, Gupta H, Dixit VK, Jain AK. 14C-urea
breath test for assessment of gastric Helicobacter pylori
colonization and eradication. Indian J Gastroenterol 2001; 20:
140-143
Gomes AT, Coelho LK, Secaf M, Módena JL, Troncon LE,
Oliveira RB. Accuracy of the 14C-urea breath test for the
diagnosis of Helicobacter pylori. Sao Paulo Med J 2002; 120: 68-71
Artiko VM, Obradović VB, Petrović NS, Davidović BM,
Grujić-Adanja GS, Nastić-Mirić DR, Milosavlijević TN.
14C-urea breath test in the detection of Helicobacter pylori
infection. Nucl Med Rev Cent East Eur 2001; 4: 101-103
Roth DE, Taylor DN, Gilman RH, Meza R, Katz U, Bautista
C, Cabrera L, Velapatiño B, Lebron C, Razúri M, Watanabe
J, Monath T. Posttreatment follow-up of Helicobacter pylori
infection using a stool antigen immunoassay. Clin Diagn Lab
Immunol 2001; 8: 718-723
Fauchãre JL. Evaluation of the anti- Helicobacter pylori serum
antibody response. In: Lee A, Mégraud F, editors. Helicobacter
pylori: techniques for clinical diagnosis and basic research. 2
ed. London Saunders, 1996: 33-45

929
24

25

26

27

28

29
30

31

Graham DY, Opekun AR, Hammoud F, Yamaoka Y, Reddy R,
Osato MS, El-Zimaity HM. Studies regarding the mechanism
of false negative urea breath tests with proton pump
inhibitors. Am J Gastroenterol 2003; 98: 1005-1009
Graham DY, Opekun AR, Jogi M, Yamaoka Y, Lu H, Reddy
R, El-Zimaity HM. False negative urea breath tests with H2receptor antagonists: interactions between Helicobacter pylori
density and pH. Helicobacter 2004; 9: 17-27
Chey WD, Chathadi KV, Montague J, Ahmed F, Murthy
U. Intragastric acidification reduces the occurrence of falsenegative urea breath test results in patients taking a proton
pump inhibitor. Am J Gastroenterol 2001; 96: 1028-1032
Gisbert JP, Abraira V. Accuracy of Helicobacter pylori
diagnostic tests in patients with bleeding peptic ulcer: a
systematic review and meta-analysis. Am J Gastroenterol 2006;
101: 848-863
Winiarski M, Bielanski W, Plonka M, Dobrzanska M,
Kaminska A, Bobrzynski A, Ronturek PC, Konturek SJ. The
usefulness of capsulated 13C-urea breath test in diagnosis
of Helicobacter pylori infection in patients with upper
gastrointestinal bleeding. J Clin Gastroenterol 2003; 37: 34-38
Stubbs JB, Marshall BJ. Radiation dose estimates for the
carbon-14-labeled urea breath test. J Nucl Med 1993; 34: 821-825
Leide-Svegborn S, Stenström K, Olofsson M, Mattsson
S, Nilsson LE, Nosslin B, Pau K, Johansson L, Erlandsson
B, Hellborg R, Skog G. Biokinetics and radiation doses
for carbon-14 urea in adults and children undergoing the
Helicobacter pylori breath test. Eur J Nucl Med 1999; 26:
573-580
Gunnarsson M, Leide-Svegborn S, Stenström K, Skog G,
Nilsson LE, Hellborg R, Mattsson S. No radiation protection
reasons for restrictions on 14C urea breath tests in children. Br J
Radiol 2002; 75: 982-986
S- Editor Liu Y L- Editor Ma JY E- Editor Lu W

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 February 14; 13(6): 930-933
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Omeprazole-based triple therapy with low-versus high-dose
of clarithromycin plus amoxicillin for H pylori eradication in
Iranian population
Ali Asghar Keshavarz, Homayoon Bashiri, Mahtab Rahbar
Ali Asghar Keshavarz, Department of Gastroenterology and
Hepatology, Emam Reza Hospital, Kermanshah University of
Medical Sciences, Kermanshah, Iran
Homayoon Bashiri, Department of Internal Medicine Emam
Reza Hospital, Kermanshah, Iran
Mahtab Rahbar, Department of Pathology, Emam Reza Hospital,
Kermanshah, Iran
Correspondence to: Dr. Ali Asghar Keshavarz, Emam Reza
Hospital, Kermanshah University of Medical Sciences,
Kermanshah, Iran. dr_keshavarz@yahoo.com
Telephone: +98-831-7244800 Fax: +98-831-7244700
Received: 2006-10-26
Accepted: 2007-01-05

© 2007 The WJG Press. All rights reserved.

Key words: Triple therapy; H pylori ; Amoxicillin;
Clarithromycin; Low-dose regimen
Keshavarz AA, Bashiri H, Rahbar M. Omeprazole-based triple
therapy with low-versus high-dose of clarithromycin plus
amoxicillin for H pylori eradication in Iranian population.
World J Gastroenterol 2007; 13(6): 930-933

http://www.wjgnet.com/1007-9327/13/930.asp

Abstract

INTRODUCTION

AIM: To investigate the efficacy and tolerability of H pylori
eradication in an omeprazole-based triple therapy with
high- and low-dose of clarithromycin and amoxicillin.

H pylori is associated with chronic active gastritis, peptic
ulcer diseases, gastric adenocarcinoma and mucosaassociated lymphoid tissue lymphoma [1-3] . Numerous
treatment regimens for H pylori eradication with particular
attention to duration and dosage have been adopted in
various geographic regions of world with contradictory
results[4-6]. The goal of all these attempts is to obtain a
cheap, safe, tolerable and acceptable H pylori eradication
rate regimen. An H pylori regimen should achieve at least
an 80% eradication rate[7,8]. Classical triple therapy based
on H2-receptor antagonist or a proton pump inhibitor
(PPI) due to high prevalence (75.2%) of H pylori resistance
to metronidazole in Iran, is not accompanied by acceptable
eradication rates[9,10]. In a randomized study of two weeks
treatment in Iranian duodenal ulcer patients with bismuth
triple therapy (bismuth, metronidazole and amoxicillin),
the cure rate for H pylori was 46.0% by per-protocol (PP)
analyses [11]. Furazolidone, a cheap antibiotic, has been
focus of attention as a substitute for clarithromycin or
metronidazole in few clinical trials of bismuth triple and
quadruple therapy in Iran[12,13]. In a bismuth quadruple
therapy with two different doses of furazolidone,
intention-to-treat (ITT) and PP eradication rates were
72% with low and 92% with high dose of furazolidone
respectively [13]. Regardless of this study, in practice its
higher doses are accompanied by poor compliance and
severe side-effects, and so far no Hp consensus group
has recommended its routine use. To keep in mind these
facts and overcome the above shortcomings, the first
line of therapy as suggested by European, American,
and Asian-Pacific guidelines for H pylori eradication that
combines a PPI with clarithromycin and either amoxicillin

METHODS: One hundred and sixty H pylori positive
patients were randomly assigned to two groups based
on the following 2 wk investigation; (1) group A or
low-dose regimen received omeprazole 20 mg b.i.d,
clarithromycin 250 mg b.i.d and amoxicillin 500 mg
b.i.d; and (2) group B or high-dose regimen received
omeprazole 20 mg b.i.d, clarithromycin 500 mg b.i.d
and amoxicillin 1000 mg b.i.d. During the study H pylori
status was assessed by histology and rapid urease test
13
prior and by C-urea breath test 6 wk after the therapy.
Standard questionnaires were administered to determine
the compliance to treatment and possible adverse events
2
of therapy. Data were subject to χ to compare the
eradication rates in the two groups. The significant level
of 95% (P ≤ 0.05) was considered statistically different.
RESULTS: We found that the per-protocol eradication
rate was 88% (68/77) in group A, and 89% (67/75)
in group B. The intension-to-treat eradication rate was
85% (68/80) in group A and 83.75% (67/80) in group
B. Overall adverse events were 26% in group A and
31% in group B. The adverse events were generally
mild in nature and tolerated well in both groups with a
compliance of 98% in group A vs 96% in group B.
CONCLUSION: The omeprazole-based low dose
regimen of clarithromycin and amoxicillin for two weeks
in H pylori eradication is as effective as high dose
regimen in Iranian population.
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or metronidazole should be considered as first line of
H pylori treatment in Iranian patients. Based on high
resistance of H pylori strains to metronidazole in Iran, nonmetronidazole containing regimens are recommended
for H pylori eradication in our country. Since short-term
regimens are not effective in H pylori eradication in Iranian
patients, a 10-14 d therapy is needed[14]. As this regimen
is costly for routine use in developing countries, dose
reduction is an option to decrease its cost. There are
limited studies that have evaluated the efficacy of both
clarithromycin and amoxicillin in low-dose regimens in
H pylori eradication with a PPI-based triple therapy[15-19].
Therefore, we tried to investigate the efficacy and
tolerability of omeprazole-based triple therapy with high
and low doses of clarithromycin and amoxicillin in H pylori
eradication in Iranian population.

MATERIALS AND METHODS
Between October 2004 and Se ptember 2005, 160
consecutive H pylori-infected patients, 18-80 years of age,
were recruited for this study. The patients were excluded
from enrolment if they had taken proton pump inhibitors,
bismuth preparations or antibiotics within 4 wk prior to
the study; had histories of gastric or duodenal surgery,
allergy to medications or endoscopic evidence of gastric
malignancy, gastric outlet obstruction, bleeding or if they
had clinically significant cardiovascular, hepatic, pulmonary
metabolic or psychiatric diseases. The H pylori infection
was defined as positive when both rapid urease test and
histology were positive for H pylori documentation. In
the biopsy rapid test, two biopsy specimens (one from
antrum and one from corpus on the greater curvature)
were examined. Four biopsy specimens (two from antrum
and two from the mid-corpus on the greater and lesser
curvature) underwent histopathological assessment.
Eligible patients were randomized to receive the two
following regimens: group A or low-dose regimen (n = 80)
received omeprazole 20 mg b.i.d, clarithromycin 250 mg
b.i.d and amoxicillin 500 mg b.i.d, and group B or highdose regimen (n = 80) received omeprazole 20 mg b.i.d,
clarithromycin 500 mg b.i.d and amoxicillin 1000 mg b.i.d
for two weeks. Eradication was confirmed by 13C-urea
breath test 6 wk after completion of treatment. Results
under 5 cut-off were considered negative. Adverse events
were prospectively evaluated. They were assessed as mild
(discomfort not interfering with daily activity); moderate
(discomfort interfering with daily activity); and severe
(discomfort resulting in discontinuation of therapy).
Compliance was checked by pill count at the end of
treatment. Poor compliance was defined as taking less than
70% of pills. Eradication rates were evaluated by ITT and
PP analyses. The eradication and adverse event rates in the
two treatment groups were compared using χ2 test. A P
value less than 0.05 was considered statistically significant.
Data were analyzed using the SPSS for Windows (version
11.5; SPSS, Inc, Chicago, Illinois, USA).

RESULTS
Demographic and outcome data of two eradication
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Table 1 Demographic data and outcomes of two enrolled
groups
Data

Group A (n = 80)

Group B (n = 80)

Mean age (yr) (mean ± SD)
Gender (male/female)
Eradication rate
Intension-to-treat
Per-protocol
Adverse events
Mild
Moderate
Severe
Compliance

52.4 ± 13
55/25

53.1 ± 12.3
57/23

85% (68/80)
88% (68/77)

83.75% (67/80)
89% (67/75)

20% (15)
5% (5)
1.25% (1)
98% (78/80)

22% (17)
8% (6)
2.5% (2)
96% (77/80)

regimen groups are summarized in Table 1. No significant
difference was found between the two groups of patients
with regard to clinical variables. Five patients (2 in group A
and 3 in group B) with poor compliance and 3 (1 in group
A and 2 in group B) with incomplete follow-up therapy
were excluded from PP analysis for H pylori eradication.
The per-protocol eradication rate was 88% in group A,
and 89% in group B. The ITT eradication rate was 85%
in group A and 83.75% in group B. The differences were
not statistically significant between the two groups by
ITT and PP. All the patients receiving at least one dose of
medications were included in adverse event analysis, and
26% of the group A and 31% of group B reported at least
one adverse event during the therapy. Diarrhea was the
most common adverse event in both groups (5% in group
A vs 9% in group B). All but 5 (2 in group A and 3 in
group B) complied with the eradication therapies and took
more than 70% of assigned tablets. Both groups displayed
similar compliance rates (98% in group A vs 96% in
group B).

DISCUSSION
The results of this study confirm that efficacy of low and
high dose regimens of clarithromycin and amoxicillin and
comparable omeprazole dose (20 mg b.i.d) are equal in
H pylori eradication in Iranian population. The treatments
were well tolerated and associated with a high compliance
rate. Many studies have compared different doses of
clarithromycin in H pylori eradication, with contradictory
results, but those that have evaluated clarithromycinamoxicillin combination in low-dose regimens for
H pylori eradication are scarce[15]. Hp consensus groups
have generally recommended a 500 mg b.i.d dosage of
clarithromycin for H pylori eradication[7,8]. However, some
issues with regard to the clarithromycin dosage need to be
addressed. MACHI study produced disappointing results
for low-dose clarithromycin regimens, with an eradication
rate of 79.5% by intension-to-treat analysis compared with
90.6% for the clarithromycin 500 mg b.i.d regimen[16]. A
meta-analysis also showed that pooled eradication rate of
the clarithromycin 500 mg b.i.d regimen was 86.6% by ITT
analysis and 89.5% by PP analysis, which were significantly
higher than those achieved with the clarithromycin 250 mg
b.i.d regimen, 78.2% by ITT and 83.3% by PP analyses[19].
However, even in that meta-analysis, subgroup analysis
www.wjgnet.com
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showed that proton pump inhibitor dosing frequency
affected the efficacy of H pylori eradication. On the basis
of proton pump inhibitor b.i.d regimens, the H pylori
eradication rates by pooled PP analysis were 86.1% and
89.6% in the clarithromycin 250mg b.i.d and 500 mg b.i.d
regimens, respectively. In contrast, a recent Japanese study
showed that clarithromycin 200 mg b.i.d regimen was as
effective as 400 mg b.i.d[18]. In addition, a multi-center
study performed in France demonstrated a somewhat
higher, although not significant, eradication rate with lowdose clarithromycin triple therapy compared with the
conventional regimen[17]. In a study by Miwa H et al [15]using
different doses of omeprazole-clarithromycin-amoxicillin,
in their low-dose group of omeprazole 20 mg, amoxicillin
750 mg and clarithromycin 200 mg all b.i.d, the eradication
rates by ITT and PP were 82.5% and 90% respectively.
In our study, the eradication rate of low-dose regimen
was 85% and 88% by ITT and PP analysis, respectively.
Because of the high metronidazole resistance in our
country (75.2%)[10] and low eradication rate of H pylori with
metronidazole containing regimens and shortcomings
with other applied H pylori eradication regimens in Iran,
the first line of H pylori treatment as suggested by most
H pylori consensus groups, the PPI-based therapy with
low-dose regimen of clarithromycin-amoxicillin seems to
be a good option to overcome its high cost in developing
countries. In a study by Malekzadeh et al[14] using a 7-d
conventional therapy with clarithromycin, regardless of
low prevalence of H pylori resistance to clarithromycin in
their report (1.2%), the eradication rate was unacceptably
low (35.5% in ITT). This low eradication rate has been
attributed to the high prevalence of cancer in the areas
of the study, their conclusion was that patients in this
high-prevalence cancer area may have a higher bacterial
load in gastric mucosa with different biological behaviors,
Cag A strains or host-immune response. It has been
estimated that the rate of eradication increased by 9% by
extending duration of therapy from 7 to 10 d[20]. Based
on these reports and our results, efficacy of proton pump
triple therapy with conventional and low-dose regimens of
clarithromycin and amoxicillin with 7, 10 and 14 d requires
more evaluation in different geographic regions of Iran
by further multi-center head-to-head comparison studies
in our country. In conclusion, two weeks triple therapy
with a proton pump inhibitor and low-dose regimen of
clarithromycin and amoxicillin is as effective as high-dose
regimen, and has acceptable eradication rate and the best
cost-benefit ratio in Iranian population.
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Abstract
AIM: To observe the growth inhibitory effect of wild-type

Kras 2 gene on a colonic adenocarcinoma cell line Caco-2.
METHODS: Recombinant plasmid pCI-neo-Kras 2 with
wild type Kras 2 open reading frame was constructed.
The Caco-2 cells were transfected with either pCI-neo or
pCI-neo-Kras2 using Lipofectamine 2000. The expression
of wild type Kras 2 was examined by Northern blot
analysis. And the expression of wild type Kras 2 protein
was examined by Western blot analysis. The effects of
wild-type Kras 2 on cell proliferation were analyzed by
monotetrazolium (MTT) assay, meanwhile analyses of
cell cycle and spontaneous apoptosis rate were carried
out by flow cytometry (FCM).
R E S U LT S : T h e p l a s m i d o f p C I - n e o -K r a s 2 w a s
successfully established. The growth rate of cells
transfected with pCI-neo-Kras 2 was significantly lower
than the control cells transfected with the empty pCIneo vector (P < 0.05). Cell cycle analysis revealed arrest
of the pCI-neo-Kras 2 transfected cells in G0/G1 phases,
decreased DNA synthesis and decreased fractions of cells
in S phase. The proliferative index of cells transfected
with pCI-neo-Kras 2 was decreased compared with the
control cells (49.78% vs 64.21%)，while the apoptotic
rate of Caco-2 cells with stable Kras 2 expression
increased (0.30% vs 0.02%).
CONCLUSION: The wild-type Kras 2 gene effectively
inhibits the growth of the colonic adenocarcinoma cell
line Caco-2.
© 2007 The WJG Press. All rights reserved.

www.wjgnet.com

Key words: Colonic adenocarcinoma; Wild-type Kras 2;
Cell cycle; Apoptosis
Li H, Cao HF, Wan J, Li Y, Zhu ML, Zhao P. Growth inhibitory
effect of wild-type Kras 2 gene on a colonic adenocarcinoma
cell line. World J Gastroenterol 2007; 13(6): 934-938

http://www.wjgnet.com/1007-9327/13/934.asp

INTRODUCTION
A number of molecular studies have shown that colon
carcinogenesis results from an accumulation of epigenetic
and genetic alterations, including activation of the protooncogenes, and inactivation of the mutations of tumor
suppressor genes or of DNA repair genes[1]. Previously
extensive studies have been done on the activation of the
K-ras2 proto-oncogene[2-4] and have revealed the association
between colon carcinogenesis and the frequency of RAS
mutations. Approximately 50% of colorectal tumors
contain K-ras2 gene mutations, leading to activation of the
K-ras2 oncogene, which is an early event in carcinogenesis.
A recent study on Kras2, however, demonstrated that the
wild-type Kras2 inhibited the growth, colony formation
and in vivo tumor formation of lung cancer cells [5]. In
addition, wild-type Kras2 has also been shown to inhibit
colony formation and tumor development by transformed
NIH/3T3 cells. These results indicated wild-type kras2
might exert its tumor suppressor effect in carcinogenesis.
In the current study, we attempted to investigate the
tumor suppressive effect of wild-type Kras2 on the
proliferation of a colon cancer cell line. We transfected
the wild-type Kras2 gene into Caco-2 cell, a human
colon adenocarcinoma cell line, and established a stably
transfected cell line by G418 selection. The effects of
wild-type Kras2 on cell growth, cell cycle distribution and
apoptosis were analyzed in Caco-2 cells.

MATERIALS AND METHODS
Cell culture
Human colon tumor cell line Caco-2 was purchased from
American Type Culture Center (ATCC) (Rockville, MD,
USA) and was maintained in MEM-NEAA medium
supplemented with 10% FCS and 100 U/mL penicillin-

Li H et al. Inhibitory effect of wild-type Kras2 gene on colon cancer cell

streptomycin in a humidified atmosphere with 5% CO2
at 37℃.
Cloning of wild-type Kras2 gene and plasmid construction
Appropriate institutional approval for human tissue
studies and the informed consent from all subjects were
both obtained. The wild-type Kras2 cDNA fragment
was amplified by PCR. Briefly, total RNA from human
peripheral blood was extracted by Trizol reag ent
(Invitrogen) and the Reverse Transcription System kit
(Promega) was used to synthesize the cDNA. The primer
sets Y1: 5’-ACCCACGCGTATGACTGAATATAAAC-3’
and Y2: 5’-AACGTCGACTTACATAATTACACACT-3’
(Shanghai Oke Corp.) with Mlu I and Sal I enzyme sites
respectively were used to amplify the wild-type Kras2
cDNA. The PCR product was harvested from 1% agarose
gel, digested by Mul I and Sal I enzymes and inserted
into the pCI-neo vector at Mul I and Sal I cloning sites to
construct the pCI-neo-Kras2 expression vector. All ligation
products were transformed into DH5 competent cells. The
constructs were confirmed by restriction enzyme mapping
and DNA sequencing.
Cell transfection and stable screening
For transfection experiment, Caco-2 cells were seeded into
100-mm culture dishes and grown until 80% confluence.
The empty plasmid pCI-neo and the pCI-neo-Kras2 were
stably transfected using Lipofectamine 2000 reagent
(Invitrogen), according to the manufacturer’s instruction.
Caco-2 cells were selected with 1.2 mg/mL G418 for 2 wk
and maintained in normal MEM medium containing 0.6
mg/mL G418 (Amresco USA).
RNA isolation and Northern blot analysis
A total of 1.5 × 105 viable Caco-2 cells transfected with
the pCI-neo empty vector or Kras2 stably expressing cells
were plated into one well of six-well plates with 5 mL of
culture medium and cultured until 90% cell confluence.
Total RNA was isolated in 2 mL of TRIZOL reagent
according to the manufacturer’s instruction. Twenty
micrograms of total RNA were electrophoresed through
a 1% agarose gel containing formaldehyde and were
transferred to a Hybond N + membrane (Amersham).
The membrane was hybridized with a [32P]-labeled Kras2
cDNA probe in 5 mL hybridization buffer containing 50%
deionized formamide, 0.5 × Denhardt’s solution, 0.5%
sodium dodecyl sulfate (SDS), and 1 mg of salmon sperm
DNA (Sigma). After hybridization overnight at 50℃, the
membrane was washed according to the manufacturer’s
instruction and exposed to BioMax-MS film (Eastman
Kodak) for 2 d at -80℃. The autoradiographic bands were
performed in quantitative analysis using Image software.
Monotetrazolium (MTT) assays
The cancer cells with stable expression of wild-type Kras2
and the control cells were separately seeded at the same
time into 96-well culture plates and then routinely cultured
for 6 d. MTT was added to the culture wells and the 570
nm wave-length absorption value (A value) was assayed
at 5 h, 1, 2, 3, 4, 5 and 6 d after seeding of cells. The
cell growth curves were protracted using the following
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formula, GI = Nc-Nt/Nc × 100%. Nc and Nt represent
the A value of the control and the experimental group
cells. All experiments were performed in triplicate and
repeated 3 times.
Cell cycle analysis
Cell cycle analysis was performed by propidium iodide (PI)
staining. Briefly, Caco-2 cells were firstly seeded into 10-cm
dishes at 5 × 105. After further cultured for 2 d, the cells
were trypsinized and harvested in PBS followed by two
washes with PBS. After that the cells were resuspended
in PBS at 1-2 × 106/mL and fixed with 70% cool ethanol
for at least 1 h. Next, the cells were washed twice and
centrifuged at 1000 × g for 3 min. The pelleted cells were
resuspended in 1 mL PBS and added with 50 μL of RNase
A stock solution (10 g/mL) and mixed well, and then
incubated for 3 h at 4℃. Finally, the cells were pelleted
and added with 1 mL of PI staining solution (3.8 mmol/L
sodium citrate, 50 μg/mL PI in PBS) and incubated for 1
h at room temperature. After that the cells were analyzed
by flow cytometry on an FACSCalibur (Becton Dickinson
Immunocytometry Systems, San Jose, CA) exciting at
488-nm, and the DNA-linked red fluorescence (PI)
was measured through a 600-nm wavelength filter. This
experiment was performed three times.
Western blot analysis
A total of 50 μ g of proteins in whole cell lysates was
separated by SDS-polyacrylamide gel electrophoresis and
transferred to PVDF membranes (Millipore, Bedford,
MA). After blocking with 5% (w/v) nonfat milk, the blots
were incubated with the first anti-Kras2 antibody (F234,
sc-30; SantaCruz Biotechnology, Santa Cruz, CA; 1:100
dilution in a blocking solution, 2 h at room temperature)
or with the anti-GAPDH antibody (Sigma Chemical, St.
Louis, MO; 1:2 000 dilution in a blocking solution, 1 h
at room temperature). The blots were then washed with
PBST and incubated with a secondary antibody (Amersham
Biosciences, Buckinghamshire, UK). Positive signal bands
were detected using ECL plus (Amersham Biosciences).
Statistical analysis
The results for MTT assay and cell cycle analysis were
presented as the mean ± SD of three replicate culture
wells. Analysis was performed using Statview software.
All data were evaluated for paired variables to compare
between two groups. P < 0.05 was considered to be
statistically significant.

RESULTS
Identification of the expression vector of Kras2 gene
The plasmids including pCI-neo and pCI-neo-Kras2 were
digested with Mul I and Sal I enzymes and the 576 bp and
5472 bp products were observed. The 576 bp Kras2 cDNA
was inserted into the pCI-neo vector. And the inserted
fragment was verified by sequencing.
Transcription of the Kras2 gene in Caco-2 cells
To measure the expression level of Kras2 gene in Caco-2
cells, northern blot analysis was used to detect the Kras2
www.wjgnet.com
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Figure 1 mRNA expression
of wild-type Kras2 in Caco-2
cell.
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Table 1 Influence of wild-type Kras 2 gene on cell cycle of
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Figure 3 Effect of the wild-type Kras2 on cell cycle of Caco-2 cells.

Figure 2 Growth inhibitory effect of wild-type Kras2 on Caco-2 cell.
A

B

mRNA. β -actin mRNA was also detected as an inner
control. Consistent with the information provided by
ATCC, the Kras2 transcript was not detected in Caco-2
cells (Figure 1).
Suppression of Caco-2 cell growth by wild-type Kras2
To deter mine the effect of wild-type Kras2 on the
proliferative capacity of Caco-2 cells, a cell growth curve
was generated by MTT assay. As shown in Figure 2, the
growth rate of cells transfected with pCI-neo-Kras2 was
significantly lower than the control cells transfected with
the empty pCI-neo vector beginning from the third day
after cell seeding.
Effect of wild-type Kras2 on cell cycle and apoptosis of
Caco-2 cells
To detect the effect of wild-type Kras2 on cell differentiation and apoptosis of Caco-2 cells, cell cycle distribution
and the apoptosis rate were analyzed by flow cytometry.
The proliferative index of cells transfected with pCIneo-Kras2 was decreased, compared with the control cells
(49.78% vs 64.21%) (Table 1). As shown in Figure 3, the
pCI-neo-Kras2 transfected cells were arrested in G0/G1
phases, compared with control cells, and the apoptotic rate
of Caco-2 cells with stable Kras2 expression was increased
(0.30% vs 0.02%).
Expression of wild-type Kras2 gene
To determine whether the expression level of the Kras2
protein was different between the cells transfected with
pCI-neo-Kras2 and the control cells transfected with the
empty pCI-neo vector, we performed Western blot analysis
on both cell lines using a monoclonal Kras2 antibody. The
results showed that the Caco2 cell line without pCI-neoKras2 transfection expressed a faint protein product (Figure
www.wjgnet.com

Kras 2 protein

Figure 4 Expression of the
wild-type Kras2 protein in
cell lines.

GAPDH

4, lane A), and pCI-neo-Kras2 stably transfected cell line
(lane B) expressed a 21 kDa product of Kras2. GAPDH
was used as an internal control for loading volume.

DISCUSSION
Human colon carcinogenesis and tumor progression
are considered to be the result of multigene alterations.
Activating point mutations in ras gene are widely correlated
with human colon carcinogenesis and progression, and
have been detected in more human tumor types and
at a higher frequency (25%-30% of all human tumors)
than other oncogenes[6-9]. For example, ras mutations are
detected in 40%-50% of colon carcinomas [10,11], 80%
of pancreatic carcinomas [12-15], and 30%-50% of lung
adenocarcinomas[16-20]. Kras2 mutations account for > 90%
of the activating ras mutations observed in these tumor
types. The oncogenic alleles of ras genes are generally
perceived to be dominant because their transforming
ability exists when normal alleles are also expressed [21].
However, recent evidence from both in vivo and in vitro
studies suggested that the dominance of the ras oncogene
might result from overexpression of the mutant ras
allele or from deletion of the wild-type allele. Previous
studies also suggested that the wild-type Kras2 allele
could suppress the oncogenic potential of the mutant
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Kras2 allele [5]. Heterozygous Kras2 deficient mice were
highly susceptible to chemically induced lung tumors
compared to wild-type littermates. All tumors displayed
an activated Kras2 because of a chemically induced
mutation. Experimental evidence demonstrated that
wild-type Kras2 inhibited cell growth, colony formation
and tumor development in a murine lung tumor cell line
containing an activated Kras2 allele. In addition, the loss
of wild-type Kras2 was found in 67%-100% of chemically
induced mouse lung adenocarcinomas harboring a mutant
Kras2 allele [5]. Moreover, results from epidemiological
investigations showed that loss of heterozygosity (LOH)
of chromosome 12p was detected in nearly 50% of
human lung adenocarcinomas and large cell carcinomas,
and Kras2 mutations were detected at codon 12 in about
40% of human lung cancers[22]. We also observed that high
frequent loss of heterozygosity in this domain occurred
in carcinogenesis and progression of colon carcinoma[23].
These findings suggest that wild-type Kras2 is a tumor
suppressor and is frequently lost during tumor progression.
Several mutational events common to tumor cells in
colorectal cancer have been identified. It is not known
whether the accumulation of these mutations occurs
in a specific sequence. However, certain stages in the
disease development do correlate with the presence of
particular mutations[24]. In the genetic model of human
colon tumorigenesis, activation of Kras2 mutation has
been identified to promote colon carcinogenesis and
progression, meanwhile, masking the potential tumor
suppressor effect of the wild-type Kras2. To elucidate
whether the wild-type Kras2 is a tumor suppressor in
more tumor types, we hypothesized that the K-ras2 plays
double roles of both “oncogenic” and “anti-oncogenic”
effects. In physiological state, K-ras2 is a proto-oncogene,
which is transformed to an oncogene by activating point
mutation, whereas the wild-type K-ras can still maintain its
tumor-suppressor function. To explore the biological role
of the wild-type K-ras gene, it is necessary to exclude the
interference of activated mutations of K-ras. Therefore,
it is reasonable to select Caco-2 cells as the cell model
in this study[25]. To our knowledge, this is the first report
on the relationship between the presence of wild-type
Kras2 and the growth and apoptotic properties of human
colon cancer cells. Our results demonstrated that the
wild-type Kras2 effectively inhibited the proliferation, and
meanwhile promoted apoptosis of colon cancer cells. Ras
is a GTP/GDP binding protein, affecting cell growth
and proliferation via several signaling pathways[25]. In this
study, wild-type Kras2 inhibited the growth of Caco-2
human colon cancer cells mainly through cell cycle arrest
in G0/G1 phase, decreased DNA synthesis, and decreased
fractions of cells in S phase.
Aberrant apoptosis mechanism also exists in colon
cancer. Previous studies have demonstrated that the
activating mutation of Ras inhibited apoptosis in colon
cancer cells [26] . Here, we showed that the exogenous
expression of wild-type Kras2 increased the apoptotic rate
of Caco-2 cells (0.30% vs 0.02%), possibly via a mechanism
involving Ras G-proteins and Raf-1 kinase, which needs to
be further investigated[27].
Taken together, through exogenous expression of the

937

wild-type Kras2 gene in Caco-2 colon cancer cells, we firstly
demonstrate that the wild-type Kras2 gene is a potential
tumor suppressor in human colon cancer. Our study also
implies that increase of the expression level of wild-type
Kras2 gene might be a gene therapeutic strategy for human
colon cancer.

comments
COMMENTS
Background

Conventional viewpoints suggest ras gene is closely related to carcinogenesis and
progression of colon carcinoma. About 30 percent of tumors display mutation of
ras gene, in which the most frequent one is Kras2, and a relatively high frequency
of Kras2 mutation is seen in colon carcinoma, pancreas carcinoma and lung
carcinoma. Recent studies raised doubt about the dominant oncogene roles of
Kras2 gene, and showed the frequent loss of wild type Kras2 in human and mouse
lung adenocarcinomas, and that loss of heterozygosity on chromosome 12p12-13
in Kras2 gene existed in non-small-cell lung cancer. In addition, wild-type Kras2
has also been shown to inhibit colony formation and tumor development by
transformed NIH/3T3 cells. These results indicate that wild-type kras2 probably
has a tumor suppressor effect in carcinogenesis.

Research frontiers

We investigated the tumor suppressive effect of wild-type Kras2 on cell
proliferation of a colon cancer cell line.

Innovations and breakthroughs

To our knowledge, this is the first report on the relationship between the presence
of wild-type Kras2 and the growth and apoptosis properties of human colon cancer
cells.

Applications

This study demonstrates that the wild-type Kras2 gene is a potential tumor
suppressor in human colon cancer. Strikingly and of great potential clinical
relevance, our results indicate that increase in the expression level of wild-type
Kras2 gene might be a beneficial gene therapeutic strategy for human colon
cancer.

Terminology

Kras2, namely v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog, is on
chromosome 12p12-13, and is one of the three members of the ras gene: Hras1,
Nras and K-ras2. Apoptosis, also called programmed cell death, or “cell suicide”:
A form of cell death in which a programmed sequence of events leads to the
elimination of cells without releasing harmful substances into the surrounding area.
Apoptosis plays a crucial role in biological development and maintaining health by
eliminating old cells, and unhealthy cells. Cell cycle, the sequence of stages that
a cell passes through between one cell division and the next. A cell cycle can be
divided into four main stages: the M phase, when nuclear and cytoplasmic division
occurs; the G1 phase; the S phase, in which DNA replication occurs; and the G2
phase, a relatively quiescent period.

Peer review

This is an interesting paper that challenges dogma of role of Kras2 in CRC.
The study with appropriate methods investigating the effect of re-introduction of
wild-type Kras2 in colorectal cancer cell lines on cell growth, proliferation and
apoptosis. A major finding of the study was that re-expression of wild-type Kras2
inhibited cell growth and proliferation along with induction of the apoptosis in the
studied cell line. It is worthy of publication in WJG.
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Abstract
AIM: To construct a recombinant live attenuated Salmonella typhimurium DNA vaccine encoding H pylori
ureB gene and mouse IL-2 gene and to detect its
immunogenicity in vitro and in vivo.
METHODS: H pylori u re B a n d m o u s e I L- 2 g e n e
fragments were amplified by polymerase chain reaction
(PCR) and cloned into pUCmT vector. DNA sequence of
the amplified ureB and IL-2 genes was assayed, then
cloned into the eukaryotic expression vector pIRES
through enzyme digestion and ligation reactions resulting
in pIRES-ureB and pIRES-ureB-IL-2. The recombinant
plasmids were used to transform competent E. coli
DH5α, and the positive clones were screened by PCR
and restriction enzyme digestion. Then, the recombinant
pIRES-ureB and pIRES-ureB-IL-2 were used to transform
LB5000 and the recombinant plasmids extracted from
LB5000 were finally introduced into the final host SL7207.
After that, recombinant strains were grown in vitro
repeatedly. In order to detect the immunogenicity of the
vaccine in vitro , pIRES-ureB and pIRES-ureB-IL-2 were
TM
transfected to COS-7 cells using Lipofectamine 2000,
the immunogenicity of expressed UreB and IL-2 proteins
was assayed with SDS-PAGE and Western blot. C57BL/6
8
mice were orally immunized with 1 × 10 recombinant
attenuated Salmonella typhimurium DNA vaccine. Four
weeks after vaccination, mice were challenged with 1 ×
7
10 CFU of live H pylori SS1. Mice were sacrificed and the
stomach was isolated for examination of H pylori 4 wk
post-challenge.
RESULTS: The 1700 base pair ureB gene fragment
amplified from the genomic DNA was consistent with
the sequence of H pylori ureB by sequence analysis.
The amplified 510 base pair fragment was consistent

with the sequence of mouse IL-2 in gene bank. It was
confirmed by PCR and restriction enzyme digestion that
H pylori ureB and mouse IL-2 genes were inserted into
the eukaryotic expression vector pIRES. The experiments
in vitro showed that stable recombinant live attenuated
Salmonella typhimurium DNA vaccine carrying ureB and
IL-2 genes was successfully constructed and the specific
strips of UreB and IL-2 expressed by recombinant
plasmids were detected through Western blot. Study
in vivo showed that the positive rate of rapid urease test
of the immunized group including ureB and ureB-IL-2
was 37.5% and 12.5% respectively, and was significantly
lower than that (100%) in the control group (P < 0.01).
CONCLUSION: Recombinant attenuated Salmonella
typhimurium DNA vaccine expressing UreB protein and
IL-2 protein with immunogenicity can be constructed. It
can protect mice against H pylori infection, which may
help the development of a human-use H pylori DNA
vaccine.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori infection can lead to chronic gastritis, peptic
ulcer disease, and is also a risk factor for g astric
adenocarcinoma and mucosa-associated lymphoid tissue
(MALT) lymphoma [1-4]. More than 50% of the human
population worldwide are infected with H pylori. About
10%-20% of all the patients have severe diseases such as
gastric or duodenal ulcer and gastric cancer. The current
therapy, based on the use of proton-pump inhibitor and
antibiotics[5-7], is efficacious but faces potential problems
like patient compliance, increasingly reported antibiotic
resistance, and side effects such as abdominal pain,
nausea, diarrhea[8]. Vaccination of humans against H pylori
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infection may be an effective and economic approach to its
control.
Studies of H pylori vaccine have focused on the
individual H pylori proteins or the whole bacterial cell
sonicates as antigens which need mucosal adjuvants
like cholera toxin or E. coli labile toxin to elicit effective
protection[9-11]. However, their use in humans is hampered
by extremely high toxicity of mucosal adjuvants [12,13].
Recently, DNA vaccine without such mucosal adjuvants
has been demonstrated to induce both humoral and
cellular immunity and is becoming a promising treatment
for viral, bacterial and parasitic pathogens[14,15]. Protective
immunity against HIV, influenza virus, rabies virus, malaria
and tuberculosis has been shown in animal models[16-19].
DNA vaccine of H pylori is seldom reported.
It was reported that coexpression of cytokine genes
together with antigen-encoding genes in DNA vaccination
vectors can increase both humoral and cellular immune
response[20,21]. No information is available about the effects
of cytokine-derived adjuvant in combination with H pylori
vaccine.
In the present study we constructed a recombinant live
attenuated Salmonella typhimurium DNA vaccine carrying
H pylori ureB gene and mouse IL-2 gene, and identified its
immunogenicity in transfected COS-7 cells in vitro and its
prophylactic immunization in vivo.

MATERIALS AND METHODS
Bacteria and mammalian cell line and culture conditions
Attenuated Salmonella typhimura LB5000 and SL7207
kindly provided by Professor Bruce Stocker of Stanford
University, USA, were cultured in Amp (-) LB medium.
E. coli DH5 α was grown in LB medium containing
50mg ampicillin per liter. H pylori strain CCUG17874
(NCTC11638) kindly provided by the Italian IRIS Research
Center was cultured on H pylori selective agar plates with
10% defibrillated sheep blood and antibiotics (Merck
Company, Ger many) at 37℃ under microaerophilic
conditions with 5% O2, 10% CO2 and 85% N2. COS-7 cell
line and recombinant plasmid pCIneo-IL-2 were provided
by the Department of Immunology, Secondary Military
Medical University of China. The mammalian expression
vector pIRES was purchased from Clontech, USA.
PCR amplication of ureB and IL-2 gene fragments
Genomic DNA of H pylori was extracted as previously described using CTAB[22]. According to the complete DNA
sequence of H pylori published and multiple clone sites of
pIRES, the primers to amplify ureB containing Nhe I site
in P1 and Xho I site in P2 respectively were designed (P1:
5’ GCTAGCCACCATGAAAAAGATTAGCAGAAAAG
3’, P2: 5’ CTCGAGCTAGAAAATGCTAAAGAGTTG
CGCC 3’). The primers to amplify IL-2 containing Sal I
site in P3 and Not I site in P4 were designed (P3: 5’ GTCGACCACCATGTACAGCATGCAGCTCG3’, P4: 5’
GCGGCCGCTTATTGAGGGCTTGTTGAGATG 3’).
Amplication conditions for ureB were as follows: at 95℃
for 5 min, then 35 cycles at 95℃ for 30 s, at 55℃ for 50 s
and at 72℃ for 90 s, followed by 10 min at 72℃. Amplica-
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tion conditions for IL-2 were at 95℃ for 5 min, then 30
cycles at 95℃ for 30 s, at 55℃ for 40 s and at 72℃ for 1
min, followed by 5 min at 72℃. The amplified products
were analyzed on 1.2% agarose gels stained with ethidium
bromide.
Sequencing analysis of ureB and IL-2
The PCR products were separated using a QIAquick gel
extraction kit (QIAGEN, CA, USA). Purified ureB and
IL-2 fragments were each subcloned into TA cloning vector pUCmT (Takara, Dalian, China) resulting in pUCmTureB and pUCmT-IL-2, then the nucleotide sequences of
ureB and IL-2 were analyzed using an automatic sequencer.
Construction of recombinant pIRES-ureB and pIRES-ureBIL-2
Fragments of Nhe I and Xho I-digested pUCmT-ureB were
inserted into the Nhe I/Xho I site of eukaryotic expression
vector pIRES, through a serial of enzyme digestion and
ligation reactions resulting in pIRES-ureB. Fragments of
Sal I and Not I-digested pUCmT-IL-2 were inserted into
the Sal I/Not I site of pIRES-ureB. The recombinant
pIRES-ureB and pIRES-ureB-IL-2 were all confirmed by
PCR and restriction enzyme digestion.
In vitro transfection and expression of UreB and IL-2
Recombinant plasmids of pIRES-ureB and pIRES-ureBIL-2 were transfected into COS-7 cells respectively in
order to detect the proteins expressed by pIRES-ureB and
pIRES-ureB-IL-2. COS-7 cell line was cultured at 37℃,
in Dulbecco’s modified Eagle’s medium supplemented
with 10% FBS (Gibco-BRL, UK), 100 U/mL penicillin
and 100 μ g/mL streptomycin, 15 mmol/L HEPES, 2
mmol/L L-glutamine. The mixture of pIRES-ureB and
Lipofectamine TM 2000 (Invitrogen, USA) or pIRESureB-IL-2 and LipofectamineTM2000 were added to the
COS-7 cells. Forty-eight hours after transfection, the cells
were washed with PBS and protein extraction reagent
was added. The lysate was collected and centrifuged at
12 000 × g for 5 min at 4℃.
Supernatant containing proteins was electrophoretically analyzed in a 10% polyacrylamide gel, subsequently
electrotransferred onto nitrocellulose membranes.
Nonspecific binding sites were blocked with 2% bovine
serum albumin (BSA), then rabbit anti-H pylori or rabbit
anti-IL-2 antibodies and peroxidase-labeled anti-rabbit
immunoglobulin G (IgG) were added. The antigens were
visualized by chemiluminescence (Bio-Rad, Germany)
according to the manufacturer’s instructions.
Construction of recombinant attenuated Salmonella
typhimurium carrying H pylori ureB and mouse IL-2 genes
Recombinant pIRES-ureB and pIRES-ureB-IL-2 were
used to transform attenuated Salmonella typhimurium
LB5000 for methylation decoration using calcium chloride,
then the recombinant plasmids extracted were transformed
into the final host strain SL7207 by electroporation. The
attenuated Salmonella typhimurium SL7207 carrying ureB
gene and SL7207 carrying both ureB and IL-2 genes were
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cultured in LB medium to 80 generations. The recombinant plasmids in transformed SL7207 were isolated from
every 10 generations and identified by restriction enzymes
and PCR.
Immunization
Prior to immunization, mice were left overnight without
solid food and 4 h without water. One hundred μL of 3%
sodium bicarbonate was given orally using a stainless steel
catheter tube to neutralize the stomach pH. Immediately
after that, mice in the vaccination group were orally given
5 × 108 live attenuated salmonella typhimurium DNA vaccine ureB or ureB-IL-2 in a total volume of 200 μL, mice
in the control group were given 200 μL PBS. Mice had free
access to water and food after immunization.
Challenge of mice
Four weeks after immunization, all mice were challenged
with 200 μL H pylori SS1 (1 × 107 CFU). Before challenge,
all mice were prepared as described above.
Assessment of H pylori in gastric tissue
Four weeks after challenge, all mice were sacrificed and the
stomach was carefully removed from each mouse under
aseptic conditions. The stomach was washed 3 times in
sterile PBS to remove food residues. A part of the antral
region was used for rapid urease test to measure the urease
activity.
Statistical analysis
Differences in H pylori strain-induced urease activity in
stomach of immunized and non- immunized mice were
evaluated using a two-tailed Fisher’s exact test.

RESULTS
Sequence analysis of ureB and IL-2
Sequence analysis of ureB and IL-2 showed that the
sequences of amplified fragments were consistent with
those of H pylori ureB and mouse IL-2 published in the
gene bank respectively.
Recombinant plasmids confirmed by PCR and restriction
enzyme digestion
After pUCmT-ureB and pIRES were digested by both
Nhe I and Xho I, a 1700 bp fragment of ureB was directly
cloned into Nhe I/Xho I site of pIRES, resulting in a
recombinant plasmid pIRES-ureB. IL-2 was inserted
into the Sal I/Not I site of pIRES-ureB to get pIRESureB-IL-2. Both PCR and restriction enzyme digestion
demonstrated that recombinant plasmids contained the
ureB and IL-2 genes. PCR and restriction enzyme digestion
products were analyzed on agarose gel (Figure 1).
Immunoreactivity of expressed recombinant proteins
Identification of pIRES-ureB and pIRES-ureB-IL-2 in
vitro expression was carried out. The lysate of COS-7 cells
transfected by pIRES-ureB and pIRES-ureB-IL-2 was
analyzed by Western blot (Figure 2A and B). It revealed
the band about 66 000 in relative molecular weight
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← 1700 bp
← 510 bp
Figure 1 Agarose gel electrophoresis analysis of recombinant pIRES-ureB-IL-2.
Lane 1: pIRES after digestion with Nhe I and Xho I as a negative control, lane 2:
pIRES-ureB-IL-2 after digestion with Nhe I and Xho I, lane 3: PCR product of ureB,
lane 4: pIRES-ureB-IL-2 after digestion with SalI and Not I, lane 5: PCR product of
IL-2, lane 6: DNA Marker (DL2000 + 15000).

A

1

2

B

3

←66 kDa

1

2

3

←14 kDa

Figure 2 Western blot analysis of expressed UreB protein products (A) and IL-2
protein products (B). Lane 1: COS-7 cells transfected by pIRES-ureB, lane 2:
COS-7 cells transfected by pIRES-ureB-IL-2, lane 3: COS-7 cells transfected by
pIRES as a control.

corresponded to UreB protein and 14 000 to IL-2 protein,
but the control transfected with pIRES had no specific
band.
Recombinant attenuated Salmonella typhimurium DNA
vaccine and its stability in vitro
After transformed by pIRES-ureB-IIL-2, recombinant
plasmid extracted from LB5000 was used to transform
SL7207. Plasmid stability is essential to assure the stable
expression of antigens encoded by genes which were
cloned into the plasmids. Therefore, SL7207 carrying
pIRES-ureB-IIL-2 was grown in vitro up to 80 generations
to examine the plasmid stability. The objective fragments
(1.7 kb and 510 bp ) could be seen on the map of agarose gel of PCR products and those of restriction enzyme
digested recombinant plasmid isolated from transformed
SL7207 (Figure 3A and B).
Rapid urease test results of gastric mucosa
All mice in the control PBS group were infected with H
pylori. In contrast, 62.5% and 87.5% of mice immunized
with ureB and ureB-IL-2 were resistant to H pylori (P <
0.01). The negative rate of rapid urease test in ureB-IL-2
group was significantly higher than that in ureB group
(P < 0.05, Table 1).

DISCUSSION
DNA vaccine or genetic vaccine can induce immune response to DNA-encoded proteins after naked DNA is
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Figure 3 Agarose gel electrophoresis analysis of recombinant attenuated
Salmonella typhimurium DNA vaccine strain with restriction enzyme digestion
(A) (lane1: pIRES after digestion with Nhe I and Xho I, lanes 2-3: recombinant
plasmid pIRES-ureB-IL-2 from strains of different generations after digestion with
Nhe I and Xho I, lanes 4-5: pIRES-ureB-IL-2 from strains of different generations
after digestion with Sal I and Not I, lane 6: DNA marker: (DL2000 + 15 000) and
identification of recombinant attenuated Salmonella typhimurium DNA vaccine
strain carrying ureB by PCR (B) (lane1: product amplified from pIRES as a
negative control, Lane4: Marker (DL2000); Lanes 2-3: ureB amplified from strains
of different generations, lane 4: marker-DL2000, lanes 5-6: IL-2 amplified from
strains of different generations.

Table 1 Rapid urease test results of gastric mucosa in different
groups
Group
PBS
ureB
ureB-IL-2

Positive (n )

Negative (n )

Total (n )

10
9
3

0
15
21

10
24
24

Negative rate (% )
0
62.5b
87.5a,b

a

P < 0.05 vs ureB group; bP < 0.01 vs PBS group.

injected into a host. DNA vaccines have been widely used
in laboratory animals to elicit comprehensive humoral and
cellular immune responses. Clinical trials have shown that
DNA vaccines are safe and well tolerated[15,23]. Moreover,
some reports have demonstrated that DNA vaccine could
produce long-lasting immunity[24-25]. The vaccine itself is a
recombinant plasmid with heat stability and does not need
to be purified. It can be used to protect against and treat
tumors[26-29].
However, this approach has not been fully explored
in H pylori vaccine. The available H pylori vaccine is a
protein vaccine, including H pylori whole cells or one of
the recombinant proteins of H pylori as an antigen of the
vaccine in combination with mucosal adjuvants such as
cholera toxin or heat-labile toxin of enterotoxigenic E. coli
[11,30,31]
. The manufacture of such vaccines is complicated,
and some mucosal adjuvants have gastrointestinal
toxicity. It was reported that mucosal immunization with
Helicobacter heilmannii urease B or H pylori urease, given
nasally with cholera toxin, could protect BALB/c mice
against H heilmannii infection and significantly reduce the
preexisting infection[32]. However, immunization aggravates
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gastric corpus atrophy .
Urease is an enzyme consisting of six UreA subunits
and six UreB subunits. Urease negative H pylori strains are
unable to colonize the stomach of gnotobiotic piglets,
demonstrating its role in the colonization. Urease may
intervene directly or indirectly in induction of tissue
damage in the stomach. Moreover, it may play an additional
role in adhesion and stimulation of inflammatory cells.
Urease is a highly conser ved protein among gastric
H pylori species and a potential antigen for prophylactic
and therapeutic vaccines against H pylori infection among
different animals[33-35], suggesting that it is an ideal antigen
candidate for H pylori vaccine.
It has been shown that live attenuated bacteria carrier
including attenuated strains of Salmonella in vitro could
deliver DNA vaccines to human cells, thus allowing
vaccination via mucosal surfaces and specific targeting of
professional antigen presenting cells in mucosa-associated
lymphoid tissue tumors[36,37].
Several studies have shown that co-administration of
cytokine proteins or of cytokine-expressing plasmids can
modulate the immune response to DNA vaccination[40,41].
Enhancement of antigen-specific antibody response and
T cell response has been demonstrated by vaccine coexpressing DNA and immune adjuvants like IL-2 or granulocyte macrophage colony stimulating factor (GM-CSF)
gene[40,41].
In this study, we constructed a live recombinant
attenuated Salmonella typhimurium DNA vaccine strain
expressing UreB protein and mouse IL-2 protein. The
complete ureB gene fragment and mouse IL-2 gene were
amplified and then sequence analysis was performed after
they were cloned respectively into the TA cloning vector pUCmT. Purified ureB and IL-2 were cloned into
eukaryotic expression vector pIRES. Both the enzyme
digestion and PCR confirmed the successful construction
of recombinant plasmid pIRES-ureB and pIRES-ureBIL-2. Recombinant attenuated Salmonella typhimurium
car r ying H pylori ureB g ene and mouse IL-2 was
successfully constructed after recombinant plasmid was
used to transform LB5000 and SL7207. Since the stability
of the protective antigen is very important for a vaccine,
we assayed the stability of the recombinant plasmid in
vitro. PCR and restriction enzyme digestion confirmed the
presence of pIRES-ureB-IL-2 in all transformed strains
of SL7207 up to the 80th generation, demonstrating the
stability of the recombinant plasmid in SL7207.
It was also shown in vitro in our present study that
COS-7 cellls transfected by pIRES-ureB-IL-2 could
express 66 000 UreB and 14 000 IL-2, but COS-7 cells
transfected by pIRES could not express them. The pIRESureB-IL-2 DNA vaccine we constructed could express
UreB protein which can react with anti-H pylori protein
and IL-2 which can react with anti-mouse IL-2 protein.
We also demonstrated that a single dose of ureB
or both ureB and adjuvant IL-2 delivered by the live
attenuated Salmonella typhimurium SL7207 strain could
protect C57BL/6 mice against H pylori colonization in
the stomach. No protection was observed in the control
group. Compared with ureB group, ureB-IL-2 group

Xu C et al. DNA vaccine expressing H pylori ureB and IL-2

appeared to induce a better protection against H pylori
infection with a significantly higher negative rate of rapid
urease test, suggesting that adjuvant IL-2 may improve the
protective immunization level.
In summary, recombinant attenuated Salmonella
typhimurium DNA vaccine encoding H pylori ureB gene
and mouse IL-2 gene can express UreB and IL-2 with
immunogenicity. DNA vaccine can protect against H pylori
challenge in animal models. The therapeutic effect of
DNA vaccine on H pylori infection and its mechanism
should be further studied.

comments
COMMENTS
Background

Studies of H pylori vaccine have focused on the individual H pylori proteins or
the whole bacterial cell sonicates as antigens which need mucosal adjuvants like
cholera toxin or Escherichia coli labile toxin to elicit effective protection. However,
clinical trials have shown the intestinal toxicity of mucosal adjuvants. Recently,
DNA vaccine without such mucosal adjuvants has been demonstrated to induce
humoral and cellular immunity and is becoming a promising treatment for viral,
bacterial and parasitic pathogens. Protective immunity against HIV, influenza virus,
rabies virus, malaria and tuberculosis has been shown in animal models. DNA
vaccine against H pylori is seldom reported.
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It was reported that co-expression of cytokine genes and antigen-encoding genes
in DNA vaccination vectors can increase humoral and cellular immune response.
No information is available about the effects of cytokine-derived adjuvant in combination with H pylori vaccine.

13

Innovations and breakthroughs

14

Recombinant attenuated Salmonella typhimurium DNA vaccine encoding H pylori
ureB gene and mouse IL-2 gene can express UreB and IL-2 with immunogenicity.
DNA vaccine against H pylori and adjuvant IL-2 may improve the protective
immunization level.

Applications

H pylori vaccine can prevent H pylori infection in human beings.
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The manuscript by Dr. Xu et al described an interesting study on the construction
of a recombinant attenuated S. typhimurium DNA vaccine for Helicobacter
pylori infection. The authors have coexpressed H pylori ureB and cytokine IL-2
which can improve the potential immunogenicity and protective efficacies of the
vaccine.
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Abstract
AIM: To prepare a complex of hyaluronic acid (HA) and
phospholipids (PL), and study the improvement effect of
PL on the oral absorption of HA.
METHODS: The complex of HA-PL (named Haplex) was
prepared by film dispersion and sonication method, its
physico-chemical properties were identified by infrared
spectra and differential scanning calorimetry (DSC). The oral
absorption of Haplex was studied. Thirty-two healthy rats
were divided into 4 groups randomly: (1) a normal saline
(NS) control group; (2) an HA group; (3) a mixture group
and (4) a Haplex group. After intragastric administration,
the concentration of HA in serum was determined.
RESULTS: The physico-chemical properties of Haplex
were different from HA or PL or their mixture. After
Haplex was administered to rats orally, the serum
concentration of HA was increased when compared with
the mixture or HA control groups from 4 h to 10 h (P <
0.05). The ∆AUC0-12 h of Haplex was also greater than
that of the other three groups (P < 0.05).
CONCLUSION: The method of film dispersion and
sonication can prepare HA and PL complex, and PL can
enhance the oral absorption of exogenous HA.
© 2007 The WJG Press. All rights reserved.

Key words: Hyaluronic acid; Phospholipids; Complex;
Oral absorption; Infrared spectrum; Thermochemistry
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INTRODUCTION
Hyaluronic acid (HA) is an acidic linear mucopolysaccharide, having regularly alter nating units of
N-acetylglucosamine and D-glucuronic acid linked by
1, 4- or 1, 3-β-glycosidic bonds. HA distributes widely
in connective tissues, vitreous body, and joint fluid of
vertebrates. Its relative molecular mass (Mr) is 2 × 105-7 ×
106, it possesses an important function of water keeping[1].
As is well known, the unique viscoelastic and lubricating
properties of HA along with its biocompatibility and
nonimmunogenicity have led to its wide uses in cosmetic,
health care, medical, pharmaceutical applications, and so
on.
It has been shown that HA can be absorbed by rats
after oral administration in our previous experiments. As
skin care and healthy food, HA can increase the precurosor
which synthesizes HA in vivo. It can play a systemic role
by increasing the concentration of endogenous HA from
dermis to epidermis, therefore delaying aging is possible[2,3].
However, several limitations exist and influence the
gastrointestinal absorption of exogenous HA when it is
administered orally, such as high Mr and poor liposolubility
of HA.
Phospholipids (PL) contains glycerol with a phosphate
ester and two fatty acid ester side chains. They are the
major building blocks of biological membranes and are
tissue compatible[4]. PL is a series of amphiprotic materials,
which can improve the gastrointestinal absorption of
drugs. Since the 1980s, drugs especially plants extracts,
complex with PL began to be a common trial to increase
their oral bioavailability. The results indicate that PL
complex play an important role in increasing the drug
therapeutic effects, and the technique is easy to practise[5,6].
Consequently, in our experiment, PL was used as an
absorption enhancer and the complex of HA and PL
was prepared, which was named Haplex. The physicochemical properties of Haplex were identified by infrared
spectrum and differential scanning calorimetry. Haplex was
administered to rats orally to prove if PL can enhance the
oral absorption of HA.

MATERIALS AND METHODS
Reagents
HA was obtained from Shandong Freda Biochemical
Limited Company, China. Egg lecithin was obtained from
Lipoid Company, Germany. HA radioimmunoassay kit
(HA RIA Kit) was obtained from Shanghai Naval Medical
www.wjgnet.com
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Research Institute, China. The other agents were all
analytically pure.

the concentration of HA in serum was detected using HA
RIA Kit.

Animals
Wistar rats (female, 260-300 g in weight) were obtained
from the Animal Resource Center of Shandong University.
Animals were housed at a constant temperature of
22 ± 2℃, and fed on standard pellet chow and water
ad libitum. All experiments were carried out in accordance
with the China Animal Welfare Legislation and were
approved by Shandong University Ethics Committee of
the Care and Use of Laboratory Animals.

Statistical analysis
The data were presented as mean ± SD, and t test was
performed between groups. P < 0.05 was considered
statistically significant.
Because HA was inherent ingredient of serum, the
concentration of HA in blank blood should be precluded
when we analyze the data. The absorption effect was
evaluated by the net increasing value of area under HA
concentration-time curve (∆AUC0-t). In our experiment,
the time of drawing blood was 0-12 h after administration.
The value of ∆AUC0-12 h was calculated by trapezoidal rule,
and the formula was expressed as follows:
∆ AUC0-12 h = SUM{(ti+1-ti)[(Ci- C0 ) + (Ci+1- C 0)]/2}
In this formula, ti and Ci represent the time of drawing
blood and the ser um concentration of HA at t i . C 0
indicates the serum concentration of HA at 0 h after
administration.

Haplex preparation
T he Haplex was pre pared by film dispersion and
sonication method[7,8]. The mixture of HA and PL was
obtained by grinding in mortar.
Infrared spectra
We detected the position changes of main functional
groups of Haplex by attenuated total reflectance infrared
spectrum. Samples were spread on the KBr crystal glass
plate and impacted. The spectral resolution was 8.0 cm,
scanning range was 4000-500 cm-1 and the result was the
average value of 200 times.
Differential scanning calorimetry
The thermochemical property changes of Haplex were
detected by DSC. Its operational conditions were as
follows: flow rate of N2 50 mL/min, scanning range of
temperature 0-400℃ and raising rate 5℃/min.
Animal screening
Some diseases could increase the concentration of HA in
blood; therefore, the healthy animals should be screened
before the experiment. The serum concentration range
of HA was lower than plasma in rodent animals. The
concentration range of HA in the plasma of healthy rats
was 46-260 mg/L[9]. In this experiment, we found that the
serum concentration of HA in most rats was lower than
180 mg/L, so these rats were selected for the following
experiments.
Group and administration
Thirty-two healthy rats were divided into 4 groups with 8
rats in each group. The 4 groups were: a normal saline (NS)
control group; an HA group; a mixture group and a Haplex
group. All selected rats were fasted (but free drinking)
for 12 h before experiment, and were anesthetized by
intraperitoneal injection of Pentobarbital before drawing
blood. The rats were intragastrically administrated with
HA dosage of 60 mg/kg body weight using an intragastric
injector. The injector was inserted into the stomach of rats
at a depth of 4-6 cm, and the solution was pushed out.
Blood drawing and detection
The blood was drawn from subclavian vein at 0, 1, 2,
4, 7, 10 and 12 h after administration, and then was
centrifuged after the serum separation. The serum was
collected and stored in refrigerator at -80℃. After that,
www.wjgnet.com

RESULTS
Infrared absorption
The results of IR are shown in Figure 1. As shown in
Figure 1, the absorption peak of C=O and C-N of HA
in Haplex shifted to superior position, the dissociated
carboxy group of HA was also changed. The stretching
vibration peak of P=O and P-O-C of PL in Haplex was
budged too (υP = O moved to superior position, υP-O-C moved
to the opposition). These changes indicated that the
interactions of HA and PL in Haplex happened between
the carboxyl group and amide group of HA and the polar
head of PL, which belonged to ionic bond interaction and
hydrophobic interaction[10-12].
Thermochemical properties
The DSC curves (Figure 2) showed that the endothermic
phase transition peak and the exothermic oxygenolysis
peak of PL in Haplex both disappeared. But the
thermochemical property of HA had no obvious difference.
The results revealed that as a mucopolysaccharide, HA
could protect PL and weaken the sensibility of PL to
temperature[13].
In a word, IR and DSC indicated that the physicochemical properties of Haplex were different from HA,
PL and their mixture. The results proved that the complex
formed between HA and PL.
Oral absorption of Haplex in rats
The basic principle of HA RIA Kit was the competitive
binding reaction between 125I-HA in kit, non-marked HA
in serum and HA binding protein (HABP). The amount
of 125I-HA-HABP complex was determined[14]. The rat
serum samples were collected. After setting the standard
curve, the concentrations of HA in serum samples were
determined.
The drug concentration-time curves are shown in
Figure 3. Compared with NS group, an evident absorption
peak appeared in 4-12 h after administration in the
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other three groups (P < 0.01). From 0 h to 12 h after
administration, the serum concentration of HA in Haplex
group was higher than in HA group (P < 0.05 in 4-10 h
after administration) and the mixture group. However,
the serum concentration of HA in mixture group was
higher than that in HA group at some certain time points
only. The calculation results of ∆AUC0-12 h (Table 1) were
coincident with Figure 3.
Therefore, the oral absorption experiment
demonstrated that: (1) exogenous HA was absorbed
into blood after oral administration; (2) after the
formation of the complex, PL in Haplex could promote
the oral absorption of exogenous HA, increase the
HA concentration in serum and prolong the time of
HA absorption. However, during the experiment, no
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absorption peak appeared in the NS control group. It
indicated that oral administration of NS could not increase
the HA concentration in serum, and not influence the
absorption of HA. And it is thus rational to use NS to
dissolve HA and Haplex.

DISCUSSION
The results of animal experiments indicated that PL could
enhance the oral absorption of HA after the formation of
Haplex. The mechanism of the enhancement effect might
be related to the following elements.
PL is an important component of cell membrane and
the exogenous PL has strong affinity to cell surfaces. In
the Haplex, HA and PL combined together, PL could
facilitate HA binding to the cells. On the other hand, in
the presence of excess water, PL could form lipid spheres.
The polar head groups are oriented to the water; the fatty
acyl chains could form a palisade structure, with their
ends abutting in the center of the membrane. Similarly,
Haplex might form the structure of liposome when it
entered into the gastrointestinal fluid. Therefore, when
Haplex got close to the gastrointestinal mucous membrane
cells, fusion, pinocytosis and phagocytosis might occur
due to liposome’s double molecular constitution. These
contributions could improve the absorption of HA into
gastrointestinal mucous membrane. Moreover, due to the
smaller particle diameter of PL in Haplex, it could increase
the contact area and the contact time between Haplex and
intestine wall. All these effects benefit the absorption of
HA[5,15-17].
The synovial fluid of normal joints contains several
molecular species, the most important constitute of which
is HA. HA plays critical role in the physiology of joint
function, including lubrication of the synovial surfaces.
In addition, synovial fluids contains phospholipids. The
presence of HA and PL complexes could provide excellent
protection of the cartilage surface from enzymes and free
radicals in the synovial fluid, so it could be used as an oral
protectant of joint function[18].
HA is a slow-release carrier due to its bioadhesion
and biocompatibility properties[19]. After the formation of
complex, HA could improve the absorption of PL because
of the three dimensions network of HA, and enhance the
health care effect of PL.
Haplex could be made in different types of oral
praeparatum, including liquid and solid preparation.
The nutrition additives and other active components
could be added into Haplex if required. The increased
effectiveness of active components might attribute to both
the bioadhension property of HA and the absorption
facilitation property of PL. Haplex thus may be used in
skin care and joint disease prevention.
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Abstract
AIM: To i nve s t i g a t e t h e fe a s i b i l i ty o f d e t e c t i n g
methylated fecal DNA as a screening tool for colorectal
carcinoma (CRC) and precancerous lesions.
METHODS: Methylated secreted frizzled-related protein
gene 2 (SFRP2 ), hyperplastic polyposis protein gene
6
(HPP1 ) and O -methylguanine-DNA methyltransferase
gene (MGMT ) in stools from 52 patients with CRC, 35
patients with benign colorectal diseases and 24 normal
individuals were analyzed using methylation-specific
PCR.
RESULTS: Methylated SFRP2 , HPP1 and MGMT were
detected in 94.2%, 71.2%, 48.1% of CRC patients and
52.4%, 57.1%, 28.6% of adenoma patients, respectively.
The overall prevalence of fecal DNA with at least one
methylated gene was 96.2% and 81.8% in patients
with CRC and precancerous lesions, respectively. In
contrast, only one of the 24 normal individuals revealed
methylated DNA. These results indicated a 93.7%
sensitivity and a 77.1% specificity of the assay for
detecting CRC and precancerous lesions.
CONCLUSION: Methylation testing of fecal DNA using
a panel of epigenetic markers may be a simple and
promising non-invasive screening method for CRC and
precancerous lesions.
© 2007 The WJG Press. All rights reserved.

Key words: Colorectal cancer; Methylation; Feces;
Secreted frizzled-related protein gene 2; Hyperplastic
polyposis protein gene; Methylguanine-DNA
methyltransferase gene
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INTRODUCTION
Colorectal carcinoma (CRC) is one of the leading causes
of cancer-related death in the world. Detection of earlystage cancer and precancerous lesions seems to be a key
measure to reduce its death rate [1]. Most deaths due to
CRC are preventable through screening, which involves
the search for neoplasms (cancer and precancerous lesions)
in asymptomatic individuals. Several CRC screening tests,
including fecal occult-blood testing (FOBT), barium
enema, colonoscopy and sigmoidoscopy, have been
available for years. However, none of these methods has
been established as a well-accepted screening tool, because
of their low compliance rates or low sensitivity and/or
specificity. More optimized screening methods should be
established with a high sensitivity and specificity for earlystage cancers and precancerous lesions.
Epigenetic gene silencing is increasingly recognized
to play a crucial role in human tumors [2]. One of the
principal epigenetic mechanisms known to be involved
in carcinogenesis is the methylation of cytosine residues
in CpG-rich sequences (CpG islands) located within the
promoter regions of genes regulating cell proliferation,
apoptosis, and DNA repair. DNA methylation within
gene promoters results in aberrant gene silencing,
which can make an impor tant contribution to the
emergence of neoplasias. A number of genes can now
be hypermethylated in colorectal tumors [3]. Aberrant
promoter methylation often occurs very early during CRC
carcinogenesis[4]. Moreover, it has been shown recently that
DNA hypermethylation can be detected in DNA from
stools of patients with colorectal tumor, suggesting that
fecal DNA methylation analysis might provide a valuable
approach to non-invasive screening for early colorectal
lesions[5-8]. Lenhard et al[9] reported that a single methylation
marker hypermethylated in cancer 1 (HIC1) can be used
to detect CRC. Methylated HIC1 has been found in 42%
and 31% of fecal samples from patients with CRC and
adenoma, respectively. Aberrant methylation of vimentin
gene was also reported in fecal DNA from 43 out of 94
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CRC patients, with a sensitivity of 46% and a specificity
of 90%, respectively[10]. These studies suggested that a
panel of methylated genes might be required to improve
the detection sensitivity for CRC. However, to date,
methylation markers have not been assessed thoroughly
in stools. Few studies have been performed on methylated
fecal DNA in CRC patients in parallel with healthy
individuals and patients with benign colorectal diseases,
and most of these investigations only analyzed a small
number of samples.
In the present study, we analyzed methylation of three
genes: secreted frizzled-related protein gene 2 (SFRP2),
hyperplastic polyposis protein gene (HPP1) and O 6 methylguanine-DNA methyltrans- ferase gene (MGMT)
in stools from patients with CRC and benign colorectal
diseases as well as from normal controls, and evaluated
the feasibility of detecting hypermethylation in stools as
a non-invasive screening tool for CRC and precancerous
lesions.

MATERIALS AND METHODS
Materials
Fifty-two CRC patients, 35 patients with benign colorectal
diseases (including 21 with adenomas, 8 with hyperplastic
polyps and 6 with ulcerative colitis) and 24 patients with
endoscopically normal colons, undergoing colonoscopy for
routine clinical indications in the 4th Affiliated Hospital
of Soochow University, were enrolled in this study (Table
1). In addition, fifteen CRC tissue samples and 8 normal
colon samples that were resected at the time of surgery or
colonoscopy were obtained from Wuxi Tumor Resource
Bank. The study was approved by the ethical committee of
our institution.
Stool specimens were collected by patients and sent to
laboratory within 2 h after defecation, aliquoted and stored
at -80℃ until analysis.
Methods
DNA isolation: DNA was isolated from stool samples
(200 mg) using the QIAamp DNA Stool Mini Kit
(Qiagen). Genomic DNA was purified from colon
tissue samples using the QIAamp DNA Mini Kit. The
extracted DNA was quantitated by UV spectrum and
stored at -20℃.
Methylation-specific PCR (MSP): Stool DNA was
modified with sodium bisulfite as previously described[11].
Blood DNA treated in vitro with SssI methyltransferase
was used as a positive control for methylated alleles, and
placental DNA was used as a negative control for MSP
assay.
The bisulfite-modified DNA was subjected to PCR in
a blinded manner using primer pairs designed to amplify
specifically the methylated or unmethylated alleles of
respective genes (Table 2). PCR products were analyzed by
2.5% agarose gel electrophoresis. To verify the reliability
of MSP, ten PCR products from methylated amplicon
of SFRP2 were randomly selected and bidirectionally
sequenced.

951

Table 1 Characteristics of patients
Characteristics
Sex
Male
Female
Age
Mean ± SD
Range
Dukes stage
A+B
C+D
Nodal status
Positive
Negative
Tumor size
> 5 cm
≤ 5 cm
Tumor locus
Rectum
Distal colon
Proximal colon

Colorectal cancer
n = 52

Benign control
n = 35

Normal control
n = 24

31
21

20
15

13
11

63.5 ± 11.8
25-81

60.0 ± 10.3
31-79

59.6 ± 8.2
35-68

27
25

Na
Na

Na
Na

23
29

Na
Na

Na
Na

19
33

Na
Na

Na
Na

24
16
12

Na
Na
Na

Na
Na
Na

Na: not applicable.

Table 2 Primers for MSP
Primer

Sequences (5’-3’)

SRFP2-MF
SRFP2-MR
SRFP2-UF
SRFP2-UR
HPP1-MF
HPP1-MR
HPP1-UF
HPP1-UR
MGMT-MF
MGMT-MR
MGMT-UF
MGMT-UR

GGGTCGGAGTTTTTCGGAGTTGCGC
CCGCTCTCTTCGCTAAATACGACTCG
TTTTGGGTTGGAGTTTTTTGGAGTTGTGT
AACCCACTCTCTTCACTAAATACAACTCA
TTTAGCGGACGATTTTTTCGTTTCG
AACGACGACGATAACAATAA
TTTAGTGGATGATTTTTTTGTTTTG
AACAACAACAATAACAATAA
TTTCGACGTTCGTAGGTTTTCGC
GCACTCTTCCGAAAACGAAACG
TTTGTGTTTTGATGTTTGTAGGTTTTTGT
AACTCCACACTCTTCCAAAAACAAAACA

Annealing Product
temperature size (bp)
62℃

138

58℃

145

57℃

122

57℃

122

56℃

81

59℃

93

U: unmethylated; M: methylated; F: forward; R: reverse.

Statistical analysis
Statistical probabilities were analyzed by 2 × 2 contingency
tables using binomial distribution of differences, Fisher's
exact test or Pearson’s chi-square test. Calculations
were performed using SPSS10.0 software. P < 0.05 was
considered statistically significant.

RESULTS
Methylated SFRP2, HPP1 and MGMT were found in
14, 11 and 8 of 15 CRC tissue samples, respectively. In
contrast, none of the 8 samples from normal colonic
epithelia revealed any detectable methylated DNA.
MSP was performed on all the 111 stool samples,
including 15 fecal samples from CRC patients with
matched CRC tissue samples, to analyze SFRP2, HPP1 and
MGMT (Figure 1). The conversion rate of unmethylated
cytosines by bisulfite was measured by sequencing random
PCR products from methylated MSP for SFRP2 (Figure 2).
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Figure 1 Representative results
from methylation-specific PCR
analysis performed in stool
samples from patients with
colorectal cancer.
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Figure 2 Sequence comparison
between amplicons of methylated
SFRP2 and wild-type SFRP2.
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Methylated

A total of 10 PCR products were sequenced bidirectionally,
revealing only 1 unconverted non-CpG cytosine. A total
of 39 non-CpG cytosines were present in the genomic
sequence matching with the amplicon of SFRP2. By,
assuming error-free PCR, > 99.7% of unmethylated
cytosines were converted, which assured the reliability of
the positive results of MSP. In addition, the sequencing
results revealed that CpGs in the amplicon were uniformly
methylated (Figure 2), indicating that complete methylation
or hypermethylation occurred at SFRP2.
The MSP results of fecal DNA are listed in Table 3.
Of the 10 patients with advanced adenomas (characterized
by size > 1 cm, villous histology, and high-grade dysplasia),
8 had detectable promoter hypermethylation in at least
one gene. The sensitivity and specificity of MSP for
detecting advanced adenoma were 80% and 83.7%,
respectively. Of the 6 patients with ulcerative colitis (UC),
one was positive for SFRP2 and HPP1. Colonoscopy with
biopsy for this patient revealed high-grade dysplasia. One
colonoscopically negative control revealed methylation of
SFRP2. The sensitivity of SFRP2, HPP1 and MGMT assay
for detecting CRC and precancerous lesions (including 10
advanced adenomas and 1 UC with dysplasia) was 90.5%,
71.4% and 46.0%, respectively. The specificity of SFRP2,
HPP1 and MGMT for detecting CRC and precancerous
lesions was 83.3%, 85.4% and 93.8%, respectively. These
results indicated a 93.7% sensitivity and a 77.1% specificity
of the combined test of the three genes for detecting CRC
and precancerous lesions.
To examine the coincidence of methylation status
between fecal DNA and DNA in its original colon caner,
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15 pairs of samples with matched tissue and fecal samples
were tested for their methylation status. Methylated
SFRP2, HPP1 and MGMT were found in 14, 11 and 8 of
15 CRC tissue samples, respectively. In contrast, none of
the 8 samples from normal colonic epithelia revealed any
detectable methylated DNA. The MSP results were highly
consistent between paired fecal and tissue samples, except
that two patients had detectable methylated HPP1 or
MGMT only in tissue samples.
No correlation was observed between stool DNA
hypermethylation and nodal status, Dukes stage, tumor
size or tumor locus (data not shown).

DISCUSSION
In this study, we explored the feasibility of detecting
methylated fecal DNA as a screening tool for CRC and
precancerous lesions. The results showed that DNA
methylation could be detected in feces of patients with
CRC and precancerous lesions with a high sensitivity
(93.7%) and specificity (77.1%).
We detected DNA methylation of SFRP2, HPP1 and
MGMT in fecal samples from patients with colorectal
tumor and non-tumor diseases. It has been shown that
these three genes can be methylated in patients with CRC
and precancerous lesions[6-8,12-16]. Of the genes chosen for
this study, SFRP2 gene belongs to a new class of tumor
suppressor genes (SFRPs), which are secreted glycoproteins
working as inhibitory modulators of a putative tumorigenic
pathway (the Wnt signaling pathway). Aberrant promoter
methylation of SFRP genes has been described in CRC
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by several studies[7,15]. Müller et al[7] reported that SFRP2
is methylated differentially in stools of patients with or
without CRC, and SFRP2 hypermethylation is proposed as
a sensitive marker, detecting 77%-90% of CRCs. However,
the sample size used in their study was small and the
prevalence of methylated SFRP2 in patients with benign
colorectal diseases and in other races or ethnic group
was not addressed. In this study, we detected methylated
SFRP2 in fecal samples from Chinese patients with CRC,
benign colorectal diseases and in healthy individuals,
simultaneously. Our results show that hypermethylated
SFRP2 is detectable in stools of Chinese patients with
CRC and precancerous lesions, suggesting that it is a
sensitive marker for detecting CRC in healthy controls with
94.2% of sensitivity and 95.2% of specificity, higher than
those in a previous report[8]. The different results may be
due to the assay-related differences or a different patient
population. In addition, methylation of this gene was
found in one colonoscopically negative case, which may
be most likely owing to the SFRP2 methylation occurring
frequently in premaligant aberrant crypt foci (ACF) that is
overlooked at colonoscopy[15].
HPP1 encodes a transmembrane protein containing
follistatin and epidermal growth factor–like domains and
contains a CpG island in its promoter region that can
be aberrantly hypermethylated in CRC and its precursor
lesions[13,14,16-18], indicating that HPP1 gene methylation is
an early epigenetic alteration in colorectal carcinogenesis
and may be a valuable molecular marker for early diagnosis
of CRC. The results of our study indicate that HPP1
methylation could be frequently detected in most stool
samples from patients with CRC (71.2%) and advanced
adenoma (57.1%).
MGMT is an important DNA repair enzyme that
protects cells from the carcinogenic effects of alkylating
agents by removing adducts from the O 6 position of
guanine, thus preventing G:C to A:T transition. It was
reported that MGMT gene inactivation caused by promoter
methylation plays a key role in a great variety of human
tumors[12]. Leung et al[6] showed that 45% hypermethylated
MGMT are detected in stools of CRC patients in a smallscale feasibility study without healthy subjects as controls.
The positive rate of MGMT hypermethylation in our study
was comparable with their results.
Of the three genes, SFRP2 is the most informative
marker, reaching a sensitivity of 90.5% for CRC and
precancerous lesions. In our study, all the 32 samples with
methylated MGMT revealed methylated SFRP2, suggesting
that combined detecting of MGMT could not increase the
detection rate of SFRP2 for CRC, while a combined test
of SFRP2 and HPP1 increased the detection rate (93.7%)
for CRC and precancerous lesions.
No significant cor relation was found between
the presence of methylation in fecal DNA and any
clinicopathologic characteristics of cancer in our study,
indicating that these methylation markers in later stage
CRC are as sensitive as in early stage CRC, and may
be equivalently sensitive to proximal or distal cancers.
However, Ebert et al[16] reported that HPP1 methylation
is linked to the location of the primary tumor in the
colon and is more frequently methylated in colon cancer
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Table 3 Methylation of SFRP2 , HPP1 and MGMT in stool
samples n (%)
Diagnosis
Cancer
Adenomas
Advanced adenomas
Hyperplastic polyp
Ulcerative colitis
Normal

No
52
21
10
8
6
24

Gene locus

Total

SFRP2

HPP1

MGMT

49 (94.2)
11 (52.4)
7 (70.0)
3 (37.5)
1 (16.7)
1 (4.2)

37 (71.2)
12 (57.1)
7 (70.0)
2 (25.0)
1 (16.7)
0 (0)

25 (48.1)
6 (28.6)
4 (40.0)
1 (12.5)
0 (0)
0 (0)

50 (96.2)
15 (71.4)
8 (80.0)
3 (37.5)
1 (16.7)
1 (4.2)

compared to rectal cancer. The reasons for the divergent
results may include assay-related differences, different
patient population and samples.
Adenomas are the precursor of most sporadic CRCs.
Hyperplastic polyp-serrated adenoma to carcinoma
sequence is characterized by recognizable histological
changes. Colorectal lesions, starting with dysplastic ACF,
hyperplastic polyp (HP) and benign tubular adenoma have
the potential to progress to advanced adenomas, which
have a significant potential to transform into CRC [17].
Although both ACF and HP are common lesions and
the great majority would not transform into clinically
significant polyps. HP occurring in the right colon and
in the setting of hyperplastic polyposis has the greatest
potential to transform into CRC[17,18]. It is unclear if these
lesions with methylated DNA would develop into cancer.
However, DNA methylation is more common in advanced
adenomas. All these findings suggest that methylation
may reflect the malignant potential of these lesions. UCassociated CRC is different from sporadic carcinoma. The
molecular mechanisms underlying the progression of UC
to dysplasia and carcinoma have not been fully understood.
One of the UC patients with methylated SFRP2 and
HPP1 in feces was also diagnosed with high-grade
dysplasia, indicating that DNA methylation is not only a
frequent event in colorectal tumor, but also detectable in
fecal samples from patients with HP and UC. Although
detection of early stage CRC represents an important
screening goal, efforts should be directed toward detection
of dysplastic cells present in patients with benign diseases,
such as adenoma, HP and UC. Whether hypermethylation
of these three genes can identify these non-malignant
diseases, including self-limiting HPs, non-dysplastic
ACF and UC, is still unclear. Recent studies indicate that
methylation patterns can define a subset of HPs with a
significant malignant potential [17,19]. Thus, patients with
methylated fecal DNA may belong to high-risk individuals
and need more accurate/specific clinical examinations and
follow-up.
Although FOBT is a valuable noninvasive screening
method that reduces the risk of CRC-related death, it has
a limited sensitivity. Colonoscopy, with a high sensitivity
and specificity for detection of CRC and large adenomas,
requires a thorough bowel preparation, which causes
discomfort and small but non-negligible risk of major
complications in patients. In contrast, using aberrant
gene methylation as a molecular marker seems to offer
a potentially powerful approach to population-based
www.wjgnet.com
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screening for CRC and precancerous lesions. However,
further prospective study is needed to validate the
epigenetic markers. In addition, simplified, non-expensive
and automatized assays may be important for populationbased screening.
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Abstract
AIM: To investigate the safety of adult-to-adult living
donor liver transplantation (A-A LDLT) in both donors
and recipients.
METHODS: From January 2002 to July 2006, 50 cases
of A-A LDLT were performed at West China Hospital,
Sichuan University, consisting of 47 cases using right
lobe graft without middle hepatic vein (MHV), and 3
cases using dual grafts (one case using two left lobe,
2 using one right lobe and one left lobe). The most
common diagnoses were hepatitis B liver cirrosis, 30
(60%) cases; and hepatocellular carcinoma, 15 (30%)
cases in adult recipients. Among them, 10 cases had
the model of end-stage liver disease (MELD) with a
score of more than 25. Donor screening consisted of
reconstruction of the hepatic blood vessels and biliary
system with 3-dimension computed tomography and
volumetry of whole liver and right liver volume. Various
improved surgical techniques were adopted in the
procedures for both donors and recipients .
RESULTS: Forty-nine right lobes and 3 left lobes (2 left
lobe grafts for 1 recipient, 1 left lobe graft for 1 recipient
who had received right lobe graft donated by relative
living donor) were obtained from 52 living donors.
The 49 right lobe grafts, without MHV, weighed 400
g-850 g (media 550 g), and the ratio of graft volume
to recipient standard liver volume (GV/SLV) ranged
from 31.74% to 71.68% (mean 45.35%). All donors’
remnant liver volume was over 35% of the whole liver
volume. There was no donor mortality. With a followup of 2-52 mo (media 9 mo), among 50 adult recipients,
complications occurred in 13 (26%) cases and 4 (8%)
died postoperatively within 3 mo. Their 1-year actual

survival rate was 92%.
CONCLUSION: When preoperative CT volumetry shows
volume of remnant liver is more than 35%, the ratio
of right lobe graft to recipients standard liver volume
exceeding 40%, A-A LDLT using right lobe graft without
MHV should be a very safe procedure for both donors
and recipients, otherwise dual grafts liver transplantation
should be considered.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
With the shortage of donation of livers worldwide, the
first pediatric living donor liver transplantation (LDLT)
was performed by Raia in Brazil in 1989 [1]. Yamaoka
reported the first case of adult to adult LDLT (A-A
LDLT) in 1993[2]. Fan reported for the first time a case
of A-A LDLT using extended right lobe graft in 1997[3].
Since then, its application has successfully expanded from
pediatric to adult patients. But A-A LDLT has not become
effective for patients with end-stage liver disease until
2000. The risk of donors has obviously increased with
A-A LDLT. Although liver transplantation was performed
for donors because of remnant liver failure [4,5] , the
mortality of donors was about 0.2%-0.3%[6]. If recipient's
body weight is much higher than donor’s, the graft can
not meet the needs of metabolism, thus resulting in smallfor-size syndrome[7], or even the death of recipient. So it
is a serious problem at present to make both donors and
recipients safe, and for recipients to receive an adequate
volume of graft for metabolism.
Since July 2001 we have performed the first case of
pediatric LDLT in our hospital. A-A LDLT was performed
www.wjgnet.com
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in January 2002[8,9]. Till July 2006, 62 cases of LDLT have
been performed, including 50 cases of A-A LDLT. This
article aims to discuss about our experience how to make
both donors and recipients safe in A-A LDLT and the
indications for dual grafts liver transplantation.

MATERIALS AND METHODS
Materials of recipients
From January 2002 to July 2006, 50 cases of right lobe
graft A-A LDLT were performed in our hospital, including
47 right lobe graft without middle hepatic vein (MHV)
liver transplantation and 3 dual graft liver transplantation
(dual relative donated left lobe grafts 1, relative right lobe
graft and relative left lobe graft 1, relative right lobe graft
and cadaveric left lobe graft 1[10]). Among the 50 recipients
there were 43 men, and 7 women, aged 18-63 years
(mean age of 39 years). Primary diseases of recipients
included liver cirrhosis after hepatitis B, 30 cases (12 of
them had acute liver failure); diffuse ischemic intrahepatic
biliary stenosis (DI IBS), 2; Budd-Chiari syndrome with
liver cirrhosis[11], 1; postoperative liver failure after three
right lobe hepatectomy caused by hepatic trauma, 1;
hepatocellular carcinoma, 15; and cholangiocarcinoma,
1. There were 15 (30%) cases at risk among the 50 cases,
including 7 cases of acute severe hepatitis, 5 fulminant liver
failure, 2 DI IBS with liver failure, and 1 liver failure after
hepatectomy. All these patients underwent A-A LDLT at
emergency. According to Child-Pugh classification, there
were 18 cases of grade A, 7 of grade B, and 25 of grade C.
By United Network for Organ Sharing classification, there
were 10 cases of stage Ⅰ, 10 of stage Ⅱa, 12 of stage Ⅱb,
and 18 of stage Ⅲ. The model of end-stage liver disease
scores were: ≤ 18, 35 cases; 19-24, 5 cases; 25-30, 1 case;
and > 30, 9 cases. Among 16 malignant cases, no one
exceeded 18 scores.
Materials of donors
There were 52 cases, including 16 men and 36 women,
with an age range of 9-65 years (mean age 38 years).The
relationship between recipients and donors included father
3, mother 8, brother 14, sister 3, spouse 7 (grafts were all
donated by wives in this group), children 3, and others 5.
The donors and recipients were blood group identical
in 39 cases and compatible in 13 cases. All donors in
this group voluntarily donated part of their liver. The
ethical aspect of this study was approved by the Ethical
Committee of our hospital.
Preoperative evaluation for donors
Physical examination and retrospective analysis of donors’
medical records were performed before their operations.
The donors and recipients must be blood group identical
or compatible. Hepatitis, syphilis, HIV, or Epstein-Barr
virus, cytomegalovirus, tuberculosis infection constituted
an ineligibility for potential donor. Hepatic blood vessels
and biliary system were reconstructed before operation,
and the volume of the total liver and right hemiliver were
evaluated and calculated with 3-dimension computed
tomography (3-D CT). As a potential donor, the right lobe
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graft volume should not exceed 65% of the total liver,
while if the ratio of right lobe graft volume to recipients’
standard liver volume is less than 40%, the recipients
should undergo dual graft liver transplantation.
To minimize the risk and complications of donors, we
have adopted the following managements: (1) to abandon
preoperative endoscopic retrograde cholangiopancreatography
(ERCP), instead of cholangiography intraoperatively; (2)
to study the tracks and variations of hepatic artery with
3-D CT before operation; (3) to abandon routine hepatic
puncture for biopsy before operation unless patients were
supposed to have fatty liver[12].
Operative approaches in donors
Using right Mercedes (Chevron with vertical extension)
incision from xiphoid process to midaxillary line, we
unfolded abdominal cavity with suspended abdominal
puller. All donated livers were right lobe grafts without
MHV. We identified hepatic incision line (the line from
the gallbladder fossa below the inferior vena cava) with
intraoperative ultrasonography to confirm the tracks of
MHV, aided by observing the color change of right and
left lobes when right hepatic artery and right tributaries
of portal vein (PV) were clamped. Without clamping
hepatic blood vessel, we resected liver with cavitron
ultrasonic surgical dissector, using temporarily bipolar
electric coagulation hemostasis to deal with the section
plane. According to the caliber of conduits, we selected
different methods of hemostasis such as titanium clamp
or ligation. The crassitude tributaries of MHV could be
transitorily clamped for anastomosis via interpositioning a
vein graft when grafts were planted. Operation should be
performed meticulously when dissociating around hepatic
hilar. One should carefully analyze the cholangiographic
film intraoperatively in order to know whether there
are branches or variations in the right hepatic duct, snip
connective tissue and bile duct of hilar plate, meanwhile
carefully distinguish minute orifica of hepatic ducts,
making markers with thin sutures for anastomosis when
planting grafts.
We dissected liver tissue till making total right lobe
graft dissociated with heparinizing the whole donor body,
in turn clamped and cut off the right hepatic artery, right
tributary of PV and right hepatic vein, placed the graft into
the container filled with 4℃ University of Wisconsin (UW)
solution, then removed it to back table for perfusion.
We continuously stitched the orifica of the right
tributary of PV with 5-0 sutures, while the orifica of right
hepatic duct were stitched at intervals with 6-0 sutures,
without interfering with the blood flow in the trunk and
left tributary of PV, and the bile flow direction in common
hepatic duct.
Bench
We perfused the grafts from PV with 2 liters of 4℃ UW
solution, rinsed biliary tracts, repaired orificia of hepatic
vein, and kept it as large as possible so as to provide
sufficient venous outflow. On back table, we anastomosed
recipients’ great saphenous vein or cadaveric iliac blood
vessels to crassitude tributaries of MHV. We measured and
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recorded the hepatic vasculatures and the orificia caliber
of bile duct and weight of grafts, then calculated the ratio
of grafts to recipients’ weight (GRWR)[13] and the ratio
of grafts volume to recipients’ standard liver volume
(GV/SLV) [14].
Operative techniques in recipients
Operation was performed following the routine procedures
of our hospital[9,15]. When resecting recipients’ liver, we
attentively reserved posterohepatic inferior vana cava’
s (IVC) integrality, dissociated right hepatic vein cling to
IVC, reserved the orifica of right hepatic vein (RHV),
along with the end axis enlarged IVC downward, making
it suitable for donor’s RHV and anastomosis [12]. It was
necessary to make ellipsed incision on suitable parts of
IVC when the orificia of crassitude tributaries of right
hepatic inferior vein or MHV were jointed with IVC by
interpositioning the great saphenous vein or cryopreserved
cadaveric blood vessels. We adopted end-to-end
anastomosis of grafts’ right tributaries of PV to recipient's
PV trunk, maintained a suitable length for PV trunk after
anastomosis, then opened blood flow in hepatic vein
and PV, recovered blood perfusion of grafts and ended
nonhepatic phase period. With loupe, we finished hepatic
artery anastomosis and adopted end-to-end anastomosis
of right hepatic duct to common hepatic duct, or Roux-en-Y
choledochojejunostomy. If right hepatic duct had many
tributaries and their caliber ≤ 2 mm, biliary tracts should
be reconstructed under microscope[16].
Splenectomy should be performed at the same time
if donors suffered from splenomegaly and hypersplenism
(blood platelet ≤ 30 × 109/L). If PV pressure was > 25
cmH2O, splenic artery ligation should be performed for
recipients in order to alleviate PV pressure[17].

RESULTS
Preoperative CT evaluation of hepatic volume
We have evaluated the volume of remnant liver with CT.
According to the volume of the total liver and right lobe
grafts with MHV and right lobe grafts without MHV, we
calculated the volume of remnant liver with and without
MHV after resection. The evaluation results of 50 donors
showed that the volume of remnant liver with MHV < 30%
in 10 cases, 30%-35% in 24 cases, > 35% in 16 cases,
while the volume of remnant liver without MHV < 30%
in 0 case, 30%-35% in 5 cases, and > 35% in 45 cases.
According to the Fan criteria[13], the volume of remnant
liver should exceed 30%. In this study, there were 10 cases
with a volume of remnant liver with MHV of less than
30%, which would be ineligible for potential donor, thus
reducing the donor pool. According to Lee criteria[14], the
volume of remnant liver should exceed 35%, resulting
in just 16 cases of donors. The volume of remnant
liver without MHV ranged from 30% to 35% in 5 cases.
Considering the safety of 3 among 5 cases whose volume
of remnant liver was less than 35%; we adopted dual grafts
liver transplantation.
Cinical results in donors
Among 52 donors, we resected right lobe grafts in 49
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cases and left lobe grafts in 3 cases (2 left lobe grafts for 1
recipient, 1 left lobe graft for 1 recipient who had received
right lobe graft donated by a relative living donor). Grafts
of 49 cases were all without MHV, and the weight ranged
from 400 g to 850 g (mean weight 550 g). The ratio of
right lobe graft to recipient’s standard liver volume was
31.74%-71.68% (mean 45.35%). The ratio of graft to
recipient’s body weight was 0.72%-1.31% (mean 0.91%).
Intraoperative total blood loss volume of donors ranged
from 250 mL to 735 mL (mean 345 mL), and these blood
was all retransfused with autologous blood recovery
system. Only 4 cases in this group received allogeneic
RBC transfusion of 200 mL to make up the intraoperative
blood loss. Operation time varied from 380 min to 620
min (mean 425 min).
Donors had the following complications: transient chyle
leakage, recovered after symptomatic treatment; portal
venous thromobosis, received second thrombectomy,
mending leakage with a patch of great saphenous vein;
subphrenic effusion, cured by surgical drainage; and
pleural effusion, recovered after repeated thoracic cavity
puncture. There was no donor death, and the hospitalized
time ranged from 7 to 30 d (mean 11 d). All donors are
well and have returned to their daily life and work.
Clinical results in recipients
GRWR was 0.72%-1.17%. There were 12 cases > 1.0%, 31
cases 0.8%-1.0%, and 7 cases < 0.8%. Mean intraoperative
blood loss volume was 980 mL. We used autologous blood
recovery system for patients with benign diseases. No
allogeneic blood transfusion (44%) was made in 22 cases,
and the mean operation time was 542 min (range 365-1400
min). Five cases with fulminant liver failure received
venous bypass during operation, while the other 45 cases
did not.
Among the 50 cases, except for right hepatic vein, we
additionally anastomosed right inferior hepatic vein to IVC
in 19 cases, and interposed vein grafts on Ⅴ segmental
tributaries (V5) of MHV in 20 cases, and on Ⅷ segmental
tributaries (V8) in 13 cases (single tributary in 9 cases and
double tributary in 12 cases).
We found PV variations in 9 cases, and right anterior
and posterior sectoral PV and left PV all directly arise
from the PV trunk. So there were two PV orificas on the
section plane of right hemiliver, we connected orifica of
right anterior and posterior sectoral PV to form a big one,
then anastomosed it to recipients’ PV trunk in 7 cases, and
anastomosed two orificas to both right and left PV in 2
cases.
We adopted end-to-end anastomosis of right hepatic
duct to recipients’ common bile duct in 34 cases of bile
duct anastomosis. Three cases received T tube drainage,
while 31 cases did not. Among 16 cases who underwent
choledochojejunostomy, 3 cases had 3 hepatic duct orificas,
11 cases had 2, and 2 cases had 1. Thirty-three orificas
were routinely anastomosed with magnifying glasses. There
were 11 orificas in 5 cases with calibers less than 2 mm, for
which operative microscope was used for the anastomosis.
All cases in this study were followed up for 2-52
mo (mean 9 mo). Four (8%) patients died at 21 d, 27 d,
31 d, and 42 d after operation respectively. The causes
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included: small-for-size syndrome 1, multiple organs
failure caused by pulmonary infection 2, and renal failure
1. Complications occurred in 13 (26%) cases which
included hepatic artery embolization (2), biliary leakage (2),
subphrenic abscess (1), anastomotic bleeding in Roux-Y
jejunojejunostomy (1), hepatic venous stenosis (1), smallfor-size syndrome (1), pulmonary infection (3), and renal
failure (2). The one-year survival rate was 92%.

DISCUSSION
Making donors safe
Based on familial relationship or friendship, a healthy adult
voluntarily donates part of liver, who hopes this will be
safe for both donors and recipients. For a surgeon, there
is great pressure to ensure operations successful for both
donors and recipients. The rationality of LDLT has not
been acknowledged worldwide until the first pediatric case
was performed in 1989[1].
Pediatric LDLT is that an adult donates small part of
liver for a child patient. Donor’s safety can be ensured
and risk is low. In 1993 Yamaoka et al[2] and in 1997 Fan et al[3]
respectively successfully performed A-A LDLT using
right hemiliver. Compared with pediatric LDLT, the risk
of A-A LDLT obviously increased when resecting the
right hemiliver. So this operation has not been extensively
performed in Europe and America, especially as one
donor died of gas gangrene of the stomach in America in
2002[18], enthusiasm for A-A LDLT was lessened with one
disaster after another. Data in 2006 indicated that there
were more than 2000 LDLT cases in America, 1000 in
Europe, 2000 in Asia, respectively. The number of donor
deaths have reached 14 all over the world with a mortality
of about 0.2%-0.3%. So donor’s safety has been widely
and closely noticed[19].
If we resect too much of a donor’s liver, the volume of
remnant liver will become too small to meet the needs of
the donor’s metabolism, leading to dysfunction of liver after
operation, liver failure, or even death. On the other hand,
if we resect too small part of donor liver, the graft also
cannot meet the needs of a donor’s metabolism. It is still a
challenging subject attempting to tackle this contradication.
At present, it is well acknowledged that the volume of
total liver and right hemiliver can be calculated with 3-D
CT. Fan thought that it was effective to ensure the safety
of donors provided the volume of evaluated remnant
liver exceeded 30% of the total liver[13]. So he advocated
that we should resect the right lobe graft with MHV, while
Huang recently thought the volume of evaluated remnant
liver exceeded 35% of total liver[4], and suggested that we
should resect right lobe graft without MHV.
In this paper we consecutively calculated the volume of
donor’s liver in 50 A-A LDLT cases. The results show that
if we resect the right lobe graft with MHV, the volume of
remnant liver was < 30% in 10 cases, 30%-35% in 24 cases,
and > 35% in 16 cases. According to the Fan’s criteria,
10 cases could not be the candidates for donor, thus
dramatically lowering the score of donor liver. Otherwise
if we resect right hemiliver without MHV, none case had
remnant liver volume < 30%, 5 cases 30%-35% , and the
others > 35%. According to Fan’s criteria, all donors in
www.wjgnet.com
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this study can be candidates for donors, donor pool can be
enlarged, while donor safety should be addressed with the
increased risk. Alternatively, according to Huang's criteria,
5 cases in this group would be ineligible for donors, donor
safety could be enhanced while the donor pool was being
reduced.
Both to maximize to make donors safe and to prevent
reduction of donor pool, we resected 47 right lobe grafts
without MHV among 52 cases, the other 3 cases received
dual grafts liver transplantation. In this way, we have not
only ensured donor safety, but achieved satisfactory results.
Making recipients safe
Being different from total liver transplantation, the
recipients only received parts of donor’s liver in A-A
LDLT. It is still controversial discerning the optimal
volume of graft for metabolism. At present, there are
two standards worldwide: one is GRWR and the other is
GV/SLV. It is generally thought that the former should
be more than 0.8%[13], and the latter should be more than
40%[14]. In 49 cases of this group, GV/SLV ranged from
31.74% to 71.66% (mean 45.35%), and GRWR from
0.72% to 1.31% (mean 0.91%). Among these cases,
GRWR was < 0.8% in 7 cases, and GV/SLV was <
40% in 6 cases, but GV/SLV all exceeded 40% in 3 cases
according preoperative CT evaluation, and the other
3 cases whose GV/SLV < 40% underwent dual grafts
LDLT. After resection during operation, GV/SLV < 40%
was found in 6 cases. This result showed that there are
differences between CT evaluation and grafts real weight.
Yet clinical study in this group proved that a little error
did not influence clinical prognosis. So preoperative CT
evaluation has instructive significance for clinical practice.
One case in this group did not receive reconstruction
for crassitude tributaries of MHV at its inception in our
hospital, causing right anterior lobe of right hemiliver
congestion and swelling, and liver dysfunction, small-forsize syndrome and death finally[12]. GV/SLV in this case
was 52.98%, which was not definitely related to graft size.
Occurrence of small-for-size syndrome was related
to not only small size of grafts, circumfluence of hepatic
vein or other factors, but also high pressure in PV, or
hyperperfusion of PV which lead to injury of epithelioid
cell in hepatic sinus of grafts[20]. Ito et al[17] proved that
portal hypertension, ligating splenic artery could make
PV pressure decrease by 5-10 cmH 2O, obtaining more
satisfying clinical results. Therefore, 5 cases in this group
with splenoparectasis and blood platelet < 30 × 109/L
were routinely underwent splnectomy, other 6 cases with
PV pressure > 25 cmH2O underwent ligation of splenic
artery, the results were satisfactory.
About dual grafts
It was effective to use dual grafts to solve the problem
of too small size of graft and make donors safe. This
approach was first reported by Lee et al[21]. It requires 3
operation groups performing 3 operations simultaneously,
and the cost is high; while if we adopt double left lobe
grafts for liver transplantation, we have to turn over
180° and place ectopically at the location of right one.
Therefore, surgical techniques became demanding,
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increasing the risk of complications. Therefore it is
not a popular procedure worldwide[19]. We adopted one
smaller right lobe graft and one left lobe graft, and placed
them at primary locations, which have overcome the
shortcomings of difficulties for operation[10]. Additionally,
it was quite strict controlling the indications of right lobe
graft LDLT in South Korea that almost 31% A-A LDLT
cases underwent dual graft liver transplantation[4]. Only
3 of 50 cases received dual grafts liver transplantation in
this study, while other 47cases underwent right lobe graft
LDLT. These protocols can not only make both donors
and recipients safe, but also obviously reduce medical cost
and consumption of medical materials. The clinical results
were satisfactory.
In our experience, right lobe grafts without MHV
is adopted, volume of remnant liver is more than 35%,
preoperative evaluation with CT and the ratio of right lobe
graft to recipients standard liver volume exceeding 40%,
are all effective indices to make both donors and recipients
safe in right hemiliver LDLT, otherwise we should expect
to adopt dual grafts liver transplantation.
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Abstract
Advanced gastric cancer usually presents with symptoms
due to direct extension into adjacent viscera, distant
metastases from lymphatic or hematogenic dissemination
and peritoneal seeding. However, portal hypertension
as a presentation of metastatic gastric cancer is rare
and usually seen in association with other malignancies,
e.g. hepatocellular and pancreatic carcinoma. We report
a case of signet ring adenocarcinoma of the stomach
that presented with esophageal and duodenal varices
and bleeding due to portal hypertensive gastropathy.
Pagetoid spread of cancer cells likely caused early
metastasis and the unusual presentation. We also
discussed the pathophysiology of development of portal
hypertension in association with malignancies.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Portal hypertension in the setting of malignancy could
arise from different mechanisms: intraluminal obstruction
of portal vein (either due to tumor thrombus[1-3] or as a
result of deep vein thrombosis due to a paraneoplastic
www.wjgnet.com

hypercoagulable state, extraluminal compression due to
metastatic lymph nodes or tumor tissue, and acquired
portal vein aneurysm [4]. Hepatocellular carcinoma and
pancreatic adenocarcinoma are the commonest tumors
reported in literature to present as variceal bleeding[5-10].
A case of ovarian cancer presenting similarly has been
reported[11]. Gastric adenocarcinoma associated with portal
venous thrombosis has been retrospectively recognized
using imaging studies and post-mortem analysis [3] or
encountered during the course of treatment of the
primary tumor[12]. However, initial presentation as portal
hypertension is rare and to our knowledge, has not been
reported. We report a case of signet ring adenocarcinoma
of the gastric cardia that presented as portal hypertension
associated with upper gastrointestinal bleeding. The
mechanism of portal hypertension was radiographically
confirmed as due to a metastatic lymph node compressing
the main and left portal veins.

CASE REPORT
An 80-year old man presented with 14-kg weight loss and
melena for three weeks prior to hospital admission. He
was pale, had bilateral pleural effusions, moderate ascites
and guiac-positive melenic stool. Past medical history was
significant for gastroesophageal reflux disease, systemic
arterial hypertension and depression. There was no history
of known liver disease or of alcohol consumption.
Laborator y studies confir med the presence of
normocytic anemia (hemoglobin 8.0 gm/dL), normal
coagulation parameters, liver and chemistry panels. An eso
phagogastroduodenoscopy revealed two columns of grade
1 esophageal varices (Figure 1A and B), moderately severe
portal hypertensive gastropathy (Figure 1C) and duodenal
varices (Figure 1D). On retroflexed view we identified a
nodular growth in the cardia of the stomach (Figure 1E,
star) infiltrating into the distal esophagus (Figure 1B).
Portal hypertensive gastropathy was felt to be the cause of
gastrointestinal bleeding.
Histopathological examination of the biopsies
obtained from the nodularity in the cardia revealed a
poorly-differentiated infiltrative malignancy characterized
by moderately-sized cells with abundant vacuolated
cytoplasm, occasional signet ring cells (Figure 2A and B),
nuclear pleomorphism and the presence of mitotic figures.
Immunohistochemical staining for CK7 was positive in
the malignant cells (not shown), while CK20 was negative.
Mucicarmine stain showed cytoplasmic positivity (Figure
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Figure 1 Esophagogastroduodenoscopy demonstratring grade 1 esophageal
varices (A), tumor invasion of distal third of the esophagus (B), moderate portal
hypertensive gastropathy (C), duodenal varices (D), retroflexed view of the nodular
tumor in the gastric fundus (E).

2C), differentiating these tumor cells from muciphages in
the lamina propria.
In the absence of other causes of portal hypertension,
we postulated that the endoscopic appearance was
best explained by portal venous obstruction. A color
Doppler ultrasonography of the hepatic venous system
demonstrated reversal of flow in the left portal vein with
appropriate direction of flow in the right and main portal
veins. The liver and hepatic arteries appeared normal.
A computerized tomography of the abdomen after
administration of intravenous contrast revealed a soft
tissue mass (Figure 3A and B, star) measuring 5 cm in
diameter displacing the pancreatic head and neck inferiorly.
The superior mesenteric, splenic (Figure 3B, arrow) and
main portal veins were all seen passing through this mass
with severe attenuation of all three vessels. The presence
of ascites and bilateral pleural effusions was confirmed by
both studies.
Due to the advanced stage of the tumor carrying a

Figure 2 Histology and immunohistochemistry of biopsies from gastric: Light
microscopy with hematoxylin and eosin staining of tumor tissue at 40X and 100X
with oil magnifications demonstrating moderately-sized cells with abundant
vacuolated cytoplasm (A) and occasional signet ring cells (B), and mucicarmine
stain demonstrating intracytoplasmic positive staining (C).

poor prognosis in this elderly and frail patient, palliative
surger y or systemic chemotherapy was considered
counterproductive. He was discharged to hospice and
subsequently passed away within three months from
the time of diagnosis. At autopsy, metastatic disease
to the segment VI of the liver was confirmed. A soft
tissue mass was found encasing the spleno-por tal
venous system without vascular invasion or luminal
thrombosis, correlating to that seen on CT image antemortem. Histopathologic characterization of this mass
confirmed it as a lymph node metastasis from primary
gastric adenocarcinoma almost replacing the entire
normal architecture.

DISCUSSION
Advanced gastric cancer presenting as portal hypertension
is unusual. Hepatocellular carcinoma is associated with
www.wjgnet.com
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or inferior pancreaticoduodenal vein originating in the
portal vein trunk or superior mesenteric vein. In our case,
superior mesenteric as well as main portal veins were
attenuated by encompassing metastatic mass, explaining
the occurrence of esophageal and duodenal varices.
Signet ring adenocarcinoma is a rare, distinct type of
gastric cancer. A retrospective analysis of this type of
tumor has revealed an equal incidence in both genders:
a younger age and larger tumor at presentation [17]. The
histological type is commonly scirrhous and infiltrative. As
in other gastric cancers, patients with early signet ring cell
carcinoma have a good prognosis. However, these patients
at the advanced stage have a poorer prognosis depending
on the extent of vascular microinvasion and tumor
location[17]. Pagetoid spread of the signet ring cells beneath
the epithelial lining of gastric foveolae/glands is likely the
cause of early lymphatic/vascular metastasis as in our case.
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Abstract
We present a case of fetal liver failure caused by the
activation of lamivudine-resistant hepatitis B virus
(HBV) nine months after lamivudine treatment. A
57-year old man visited our hospital for the treatment
of decompensated chronic hepatitis B. Lamivudine was
started in December 2001. Subsequently, serum HBV was
negative for HBV DNA with seroconversion from HBeAg
to anti-HBe and improvement of liver function. However,
HBV DNA and HBeAg were again detected in September
2002. He was complicated by breakthrough hepatitis
and admitted to our hospital in November for severely
impaired liver function. Vidarabine treatment was started
and serum HBV DNA and alanine aminotransferase
(ALT) decreased transiently. However, after the start of
α-interferon treatment, HBV DNA level increased and
liver function deteriorated. He died 1 mo after admission.
An analysis of amino acid sequences in the polymerase
region revealed that rtM204I/V with rtL80I/V occurred at
the time of viral breakthrough. After the start of antiviral
treatment, rtL180M was detected in addition to rtM204I/V
and rtL80I/V, and became predominant in the terminal
stage of the disease. HBV clone with a high replication
capacity may be produced by antiviral treatment leading
to the worsening of liver function. Antiviral therapy for
patients with breakthrough hepatitis in advanced liver
disease should be carefully performed.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Lamivudine is a nucleoside analogue that interrupts
the reverse transcription of hepatitis B viral (HBV)
pregenomic RNA. Lamivudine is effective for controlling
chronic hepatitis B and currently recommended as the first
line of treatment for chronic active hepatitis B[1,2]. Even
for patients with decompensated liver cirrhosis, lamivudine
improves liver function and extends transplantation free
intervals[3-10]. Since more than 10% of patients with chronic
HBV infection are estimated to develop liver cirrhosis and
may eventually suffer from decompensated liver cirrhosis
or hepatocellular carcinoma, the role of lamivudine in
the treatment of advanced liver disease caused by chronic
HBV infection is large[11-14].
The major problems concerning lamivudine treatment
are the viral and biochemical breakthroughs caused by drug
resistance. Amino acid mutation in the highly conserved
tyrosine-methionine-aspartate-aspartate (YMDD) motif
can occur six months after treatment and often increases
alanine aminotransferase (ALT) level. Although the
increase is usually mild, a marked increase in ALT level
leading to fatal hepatic failure has been reported [15-17].
Factors other than the YMDD motif mutation that are
associated with the worsening of liver function remain to
be clarified.
Here, we report a case of fatal hepatic failure caused
by lamivudine-resistant HBV. A serial analysis of viral
amino acid sequences indicated that the acquisition of
mutations outside the YMDD motif might be related to
the deteriolation of the patient’s condition.

CASE REPORT
A 57-year old man visited our hospital in September 2001
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for the treatment of decompensated chronic hepatitis
B. In 1978, He was found to be positive for serum HBs
antigen (HBsAg). In July 2001, he was admitted to a
nearby hospital for ascites where he was diagnosed as
having decompensated cirrhosis with exacerbated chronic
hepatitis B. The symptomatic control of his ascites
improved his general condition. For further treatment, he
was referred to our hospital.
On his first visit, he showed no symptoms or signs of
worsening hepatic failure or encephalopathy. No ascites
or leg edema was observed. His bulbar conjunctiva was
slightly jaundiced. Dilated vasculature was observed in his
neck and chest. His ALT, total bilirubin and albumin were
50 IU/L, 3.1 mg/dL and 3.7 g/dL, and his prothrombin
time was 76%. He was diagnosed as having liver cirrhosis
with a Child-Pugh score of 8. He was negative for HBe
antigen (HBeAg) and his HBV DNA level measured by
transcription-mediated amplification and hybridization
protection assay[18] was 106.5 genome copies/mL.
In November 2001, he was found to be positive for
HBeAg and showed an increase in HBV DNA level.
Because he had a history of decompensated chronic
hepatitis B, lamivudine treatment (100 mg/d) was started
in December. Figure 1 shows the clinical course. The
high serum levels of bilirubin and ALT decreased and
normalized within 6 mo after lamivudine treatment was
started. The patient became negative for HBV DNA and
HBeAg.
However, in September 2002, he was found to be
positive for HBeAg again and showed an increase in HBV
DNA level. In November 2002, he observed jaundice of
his bulbar conjunctiva and was admitted to our hospital.
Although he was alert, his bulbar conjunctiva and skin
were jaundiced. His ALT, total bilirubin, were 474 IU/L,
11.4 mg/dL and 4.3 g/dL. His HBV DNA level was
10 8.6 genome copies/mL. He was diagnosed as having
breakthrough hepatitis caused by lamivudine-resistant
mutants of HBV. HBV with an amino acid substitution in
the YMDD motif in the domain C of polymerase region

Jul
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was detected.
Because interferon is not indicated in patients with
decompensated cirrhosis, vidarabine, which is effective for
the control of active HBV infection[19-21], was administered
together with lamivudine under informed consent. Liver
function improved transiently with a decrease in HBV
DNA within 2 wk. As prolonged vidarabine administration
may induce several complications [22] , vidarabine was
switched to interferon-α. After the start of interferon-α
treatment, HBV DNA level increased and liver function
worsened. He died of hepatic failure and rupture of
esophageal varices 1 mo after his admission.
The histolopatholog y of the patient’s liver after
necropsy showed cirrhosis with zonal necrosis. Hepatocyte
regeneration was scarce (Figure 2).
To elucidate the viral factors affecting early viral
breakthrough and fatal outcome, amino acid sequences of
the upstream polymerase region (aa 1-250) of HBV DNA
in serum were examined at 5 points as shown in Figure 1.
The methods were as follows.
First, DNA was extracted from 100 μL of a serum
sample using the QIAamp DNA blood mini kit (Qiagen
Inc., Valencia, CA). Three fragments spanning the upper
polymerase region of HBV DNA were amplified by nested
PCR with the primers shown in Table 1. The first stage of
amplification was carried out using a thermal cycler for 40
cycles (94℃ for 1 min, 55℃ for 1 min, 72℃ for 1 min)
in 100 μL of reaction mixture containing 200 mmol/L
dNTPs, 1.0 mmol/L each of the primers and 1 × PCR
buffer [50 mmol/L KCl, 10 mmol/L Tris-HCl (pH 8.3),
1.5 mmol/L MgCl2 and 0.001% (w/v) gelatin] and 2 units
of Ampli-Taq polymerase gold (Perkin Elmer Cetus Corp.,
CT). Two microliters of the PCR products was subjected
to the second stage of amplification under the same
conditions as the first stage.
Second, PCR products were purified using Wizard
PCR preps DNA purification resin (Promega, WI) and
cloned into a plasmid vector using the TA cloning kit (PCR
cloning kit Qiagen, CA). Four clones were selected from
www.wjgnet.com
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Table 1 Primers used for amplification and sequencing of
polymerase region of HBV
Region 1
Outer sense
Outer antisense
Inner sense
Inner antisense
Region 2
Outer sense
Outer antisense
Inner sense
Inner antisense
Region 3
Outer sense
Outer antisense
Inner sense
Inner antisense

nt 2222-2241
nt 2490-2509
nt 2222-2241
nt 2478-2497

CTTACTTTTGGAAGAGAAAC
GGACAGTAGAAGAATAAAG
CTTACTTTTGGAAGAGAAAC
GAATAAAGCCCAGTAAAGTT

nt 2413-2434
nt 2816-2835
nt 2434-2452
nt 2816-2835

GCGTCGCAGAAGATCTCAATC
GTTCCCAAGAATATGGTGAC
CTCGGGAATCTCAATGTTAG
GTTCCCAAGAATATGGTGAC

nt 2490-2509
nt 3121-3143
nt 2637-2656
nt 3121-3143

CTTTATTCTTCTACTGTACC
CGATTGGTGGAGGCAGGAGGAGG
ATGCCTGCTAGGTTTTATCC
CGATTGGTGGAGGCAGGAGGAGG

each plate, from which recombinant plasmid DNA was
purified using a commercially available kit (Plasmid midi
kit, Qiagen, Valencia, CA). Nucleotide sequences were
determined bidirectionally using the dye terminator cycle
sequencing ready reaction kit (PE Applied Biosystems, CA)
and the PCR primers. Sequencing was performed using
an automated DNA sequencer (ABI 377: PE Applied
Biosystems).
The deter mined amino acid sequences in the
polymerase region are shown in Figure 3. No amino acid
sequence changes were found at the start of lamivudine
treatment. At the time of viral breakthrough, rtM204I with
rtL80I became dominant. After the start of interferon
treatment, rtM204I was replaced by rtM204V and rtL80I
by rtL80V. At the final stage of the disease, mutation
rtL180M appeared besides rtM204V and rtL80V.

DISCUSSION
Lamivudine monotherapy is effective in suppressing
HBV replication and ameliorating liver disease in chronic
hepatitis B patients regardless of HBeAg positivity. A
one-year study of HBeAg-positive chronic hepatitis B
patients showed that 16% of these patients become
seroconverted to anti-HBe and 72% of these patients
showed normalization of their ALT levels[23]. Furthermore,
treatment with lamivudine is associated with histologic
improvement not only in terms of necroinflammatory
score but also in terms of fibrosis score after long-term
treatment[24].
One advantage of lamivudine is that it can be used
safely in patients with decompensated cirrhosis [3-10] .
In contrast to IFN- α , lamivudine is well tolerated
without any significant side effects even in patients with
decompensated cirrhosis. Furthermore, lamivudine can
improve liver function and survival prognosis.
However, the emergence of a drug-resistant mutant is
a big problem in lamivudine treatment. A large-scale Asian
study showed that lamivudine resistant HBV infection
occurred in 23% of patients in year one and 65% of
patients in year five. Hepatitis flares, which occurred more
commonly in patients with lamivudine resistant mutations,
occurred in 10% of patients in year one, and in 18% to
www.wjgnet.com
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Figure 2 Histopathological findings of liver specimens showing irregularly-shaped
parenchymal cells with massive necrosis (A) and scarce hepatocyte regeneration
(B) surrounded by extensive fibrosis (A: HE × 20; B: HE × 80).

21% of patients in years two to five. Among patients with
lamivudine resistant HBV infection, occurrence of hepatic
decompensation increased significantly in patients with
lamivudine resistant HBV infection for more than 4 years
(from 0% to 6%)[25]. In this large-scale Asian study, liverdisease-related death occurred in two patients.
The prognosis of patients with lamivudine-resistant
HBV infection, particularly those with advanced liver
disease, may be determined by the timing and severity of
breakthrough hepatitis. However, the viral factors that
may influence the severity of this hepatitis remain to be
clarified. A recent study indicated that patients with a
normal ALT level even after the emergence of a YMDD
motif mutant are characterized by HBeAg negativity
during pretreatment, HBeAg loss during therapy, a longer
duration from the commencement of therapy until the
emergence of YMDD mutant, and lack of mixed-type
YMDD mutants [26]. In contrast, patients with severely
exacerbated hepatitis after the emergence of a YMDD
mutant tend to have more substitutions in the reverse
transcriptase (rt) region within the polymerase gene at the
time of hepatitis exacerbation than those without hepatitis
exacerbation[26].
Our patient acquired amino acid mutations in the
polymerase region one after the other. Amino acid changes
in rtM204/I appeared at the time of viral breakthrough.
After the initial treatment with vidarabine, rtM204/V
substituted for rtM204/I in one of the four clones. During
the interferon treatment, rtM204/V became predominant.
Another mutation observed in our patient was rtL80I/V.
Ogata et al[27] showed that rtL180M is accompanied with
rtM204I in some patients with resistance to lamivudine.
Because the mutation at aa position 80 was found at the
same time as that at aa position 204 in our patient, it is not
clear whether the mutation at aa position 80 affects the
clinical course.
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Figure 3 Comparison of amino acid sequences of HBV polymerase gene of isolates before lamivudine treatment (sample 1) and four sequential isolates (samples 2-5)
during treatment. A HBV mutant with substitutions of isoleucine for leucine at residue 80 (rtL80I) in combination with isoleucine for methionine at residue 204 (rtM204I) was
observed 12 mo after treatment (sample 3). After vidarabine treatment, another HBV mutant with substitutions of valine for leucine at residue 80 (rtL80V) and valine for
methionine at residue 204 (rtM204V) was observed (sample 4). These mutations predominated in combination with methionine for leucine at residue 180 (rtL180M) after
interferon treatment (sample 5). The published HBV DNA sequence of hepatitis B virus variant (genotype C, AB033550, Okamoto et al) was used for comparison.

At the final stage of the disease with deterioration of
the condition of the patient, rtL180M, rtM204I/V and
rtL80I/V became predominant. Natsuizaka et al[28] showed
that rtL180M and rtM204V are related to the exacerbation
of hepatitis. Interestingly, a patient with a marked elevation
in HBV DNA level in Ogata’s report had rtL180M in
addition to rtL80I and rtM204I. Therefore, the acquisitions
of rtL80I/V and rt180M in addition to rtM204I/V may be
associated with a severe exacerbation of hepatitis. Largescale studies are necessary to elucidate this hypothesis.
In our patient, vidarabine decreased HBV DNA levels
and improved liver function. Although the long-term use
of vidarabine is contraindicated because of its possible
side effects including irreversible neurotoxicity[22], its shortterm use is effective for controlling active HBV infection
and herpes simplex viral infection.
Vidarabine was replaced by interferon- α because
adefovir dipivoxil was not available in 2002. Serum HBV
DNA and bilirubin levels increased again, which led to a

fatal outcome, and HBV clones that have rtL180M became
predominant, indicating that withdrawal of vidarabine
and administration of interferon may be dangerous for
the treatment of severe breakthrough hepatitis. Since
interferon may potentially precipitate immunological
flares and liver failure[29], nucleotide analogues that are
effective for lamivudine-resistant HBV such as adefovir
dipivoxil[30-32], entecavir[33-35] and tenofovir[36,37], should be
used for the treatment of severe breakthrough hepatitis
instead of vidarabine or interferon.
In conclusion, antiviral therapy should be considered
in the treatment of patients with hepatic failure after
breakthrough hepatitis caused by HBV mutants to
lamivudine. The serial acquisition of amino acid mutations
outside the YMDD motif in the polymerase region may be
associated with severe hepatitis.
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Abstract
To treat postoperative bleeding after hepato-pancreatobiliary surgery, interventional radiology has become
essential. We report a case of coincidental pseudoaneurysm and jejunal varices that were both successfully
treated by stent-grafts. After a pancreaticoduodenectomy, the patient developed a pseudoaneurysm in the
hepatic artery and a stenosis in its periphery. After
establishing hepatic arterial flow by placing stent-grafts
over both the pseudoaneurysm and the stenosis, the
pseudoaneurysm was embolized with microcoils. Nine
months later, the patient developed jejunal varices
caused by a severe stricture in the main trunk of the
portal vein. Percutaneous transhepatic portography
was performed and stent-grafts were placed over the
stenotic segment. A venoplasty using stent-grafts normalized the portal blood flow and the jejunal varices
vanished. Although stenosis occurred due to scarred
tissues from leakage after pancreaticoduodenectomy,
stent-grafts were useful for managing jejunal bleeding
post-operatively.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Postoperative bleeding is one of the leading causes of death
after pancreaticoduodenectomy[1]. In particular, delayed
hemorrhage occurring five or more days post-operatively[2] is
difficult to manage because the hepatic artery and/or the portal
vein are frequently affected. That is, not only hemostasis,
but also the maintenance of hepatic blood flow has to
be considered in treating these patients. Above all other
methods, embolization using an interventional radiology
(IVR) technique has been used for surgical treatment
because of its efficacy and minimal invasiveness[3]. In this
paper we report jejunal varices due to a portal venous
stricture and a coincidental pseudoaneurysm in the
hepatic artery after a pancreaticoduodenectomy. These
complications occurred metachronously and each was
successfully treated with an IVR technique using stent-grafts.
Although treatment for this condition has not yet been
standardized, we give a detailed account of our approach.

CASE REPORT
Treatment of pseudoaneurysm in the hepatic artery
I n Ju l y 2 0 0 4 , a 6 4 - y e a r- o l d wo m a n u n d e r we n t a
pancreaticoduodenectomy with a Child’s reconstruction for
carcinoma of the distal bile duct[4]. During the postoperative
course, a minor leak from the hepaticojejunostomy
occurred, which was resolved within ten days. However,
on the 26th postoperative day, 250 mL of blood through an
intraabdominal drain was collected.
Angiography was carried out immediately. As shown
in Figure 1A, there was no extravasation, but a severe
stricture in the proper hepatic artery and pseudoaneurysm
at the cutting stump of the gastroduodenal artery were
noted. To secure the hepatopetal arterial flow, an angioplasty
was performed. Two pieces of stent-grafts, each 2.5 mm in
diameter and 13 mm or 23 mm in length (MULTI LINK
Penta®, GUIDANT Indianapolis, IN, USA) were introduced sequentially through the stenotic segment and the
pseudoaneurysm in the hepatic artery (Figure 1B). After
stenting, embolization of the pseudoaneurysm was attempted using microcoils (GDC Detachable coil®: Boston
scientific; Natick, MA, USA) to stop the inflow into the
pseudoaneurysmal lumen (Figure 1C). The patency of the
hepatic artery and the disappearance of the pseudoaneurysm were confirmed by arteriography 8 d after treatment

Ichihara T et al . Interventional radiology technique
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Figure 1 A: A severe stricture of a narrow segment in the proper hepatic artery
and a bulging at the stump of the gastroduodenal artery were seen. An arrow
indicates a stricture; B: The stent-graft for an angioplasty was introduced through
the stenotic segment to secure the hepatopetal arterial flow. Arrow heads indicate
the stent-graft placed in the hepatic artery; C: After the stenting, embolization of
the pseudoaneurysm was attempted to stop the inflow into the pseudoaneurysmal
lumen using microcoils. An arrow head indicates microcoils placed in the
pseudoaneurysmal lumen; D: The patency of the hepatic artery and disappearance
of the pseudoaneurysm were confirmed by arteriography 8 d after the treatment.

(Figure 1D). The patient was discharged from the hospital
4 wk after treatment.
Treatment of jejunal varices caused by extrahepatic
obliteration of the portal vein
This patient did well for 9 mo after hospital discharge. In
April 2005, however, she was readmitted with gastrointestinal
bleeding. Laboratory data upon admission showed severe
anemia and hyperammoninemia. Gastrointestinal fiberscopy
showed bleeding from a varix in the lifted limb of the
jejunum near the hepaticojejunostomy.
Angiography was performed. Hepatic arterial flow was
normal as seen in Figure 1D. However, celiac and superior
mesenteric arteriography during the portal phase (Figure
2A and B) revealed a severe stricture at the main trunk of
the portal vein, adjacent to the microcoils that had been
inserted 10 mo earlier. Hepatofugal collaterals had also
developed via the left gastric vein and the inferior mesenteric
vein. Moreover, collateral vessels were observed around the
hepaticojejunostomy creating jejunal varices in the lifted
limb toward the hepatic hilum. These jejunal varices were
identified as the source of the intestinal bleeding. Since an
abdominal computed tomography showed no recurrent
tumor, the portal vein stenosis was most likely caused by
inflammatory changes that occurred after a leak at the
hepaticojejunostomy.
Because the main flow of the portal vein was not
completely interrupted, percutaneous transhepatic portography (PTP) into the mesenteric side of the portal vein
beyond the stenosis was performed. As seen in Figure 2A
and B, PTP findings were consistent with those obtained
by conventional angiography. To maintain the main stream
of the portal vein, two pieces of uncovered-type, selfexpandable metallic stent-grafts, 8 mm in diameter and 20
or 30 mm in length (LUMINEXX®, BARD, Covington,
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A

B

Figure 2 A: Portal phase of the celiac arteriography showed a severe stricture at
the main trunk of the portal vein. Hepatopetal collaterals through mesenteric veins
were observed forming jejunal varices (black arrow heads) in the lifted jejunal limb.
A white arrow head indicates the stricture and white arrows indicate the direction
of blood flow; B: Portal venous phase of the superior mesenteric arteriogram
also depicts hepatopetal collaterals and jejunal varices (black arrows) around the
hepaticojejunostomy. White arrow heads indicate the stricture of the portal vein
adjacent to the microcoils placed in the pseudoaneurysm.

A

B

Figure 3 Portography after urokinase infusion showed a good portal blood flow
and collaterals forming jejunal varices had disappeared. A: Catheter tip was
placed in the splenic vein; B: Catheter tip was placed in the superior mesenteric
vein.

GA, USA) were placed in succession over the stenotic
segment. The stent-grafts were then mechanically dilated
using a balloon dilator (Power Flex®; Cordis, Miami, FL,
USA), resulting in full expansion of the grafts. However,
portal blood flow was not corrected immediately. We speculated
that possible causes for this were vasospasm of the portal
system and/or thrombi generated during stenting and dilation. Therefore, a heparin-coated catheter was left in the
mesenteric side of the portal trunk, and urokinase (Nihon
Pharmaceutical Co., Tokyo, Japan) 240 000 U a day (Nihon
Pharmaceutical Co., Tokyo, Japan) was infused for 7 d. As
shown in Figure 3A and B, portography after the urokinase
infusion revealed good portal blood flow through the stentgrafts and the jejunal varices had disappeared. Before placement
of the stent-grafts, portal venous pressure was 32 cmH2O,
which dropped to 25 cmH 2O after correcting portal
blood flow. Gastrointestinal fiberscopy confirmed the absence of jejunal varices around the hepaticojejunostomy.
Currently, the patient is doing well without repetitive
episodes of gastrointestinal bleeding for 9 mo after the
procedure.

DISCUSSION
Treatment of pseudoaneurysms in the hepatic artery
Rupture of a pseudoaneurysm of the hepatic artery is the
main cause of postoperative death after pancreaticoduodenectomy[5]. In the majority of cases, there is concurrent leakage at the site of the pancreatico-intestinal or
www.wjgnet.com
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choledocho-jejunal anastomosis. Therefore, reentering the
previously scarred operative field for repair is not easy
and hemostasis by suturing the bleeding point often fails
because of a re-encroachment on the affected vessels[6].
On the other hand, using a remote approach like IVR
via blood vessels is minimally invasive, thus preferable
in these situations. However, when hepatic arterial flow
is interrupted by IVR to stop hemorrhage, consecutive
events such as liver cell necrosis, a breakdown of the
choledochojejunostomy, and multiple liver abscesses
could occur. Therefore, when using IVR after embolizing
pseudoaneurysms, patient outcomes depend a great deal
on the maintenance of hepatic arterial flow. In this case,
stent-grafts in the hepatic artery prior to the embolization
of a pseudoaneurysm were used. However, using stentgrafts in these cases is controversial. For example, several
radiologists have suggested that placing a stent-graft in
blood vessels with inflammatory changes is inappropriate[7]. Conversely, Paci et al[8] reported the efficacy of stentgrafts in the treatment of pseudoaneurysms in hepatic
arteries. We used stent-grafts to secure hepatic arterial flow
by dilating the stenotic part of the artery and guiding the
blood flow into the proper direction out of the pseudoaneurysmal lumen, avoiding the possibility of migrating
microcoils interfering with arterial flow to the liver.
Treatment of jejunal varices caused by extrahepatic
obliteration of the portal vein
In cases of varices generated in the intestines, extrahepatic portal obstruction often plays a causative role[9]. Jejunal varices caused by portal venous obliteration could be
treated with either a shunt for portal decompression[10,11], an
angioplasty by an IVR technique such as balloon dilation,
stenting to correct the portal blood flow[12] or embolizing
varices by an IVR technique to stop inflow[13,14]. Making a
treatment choice is complex, involving various factors such
as portal hemodynamics, the extent of liver fibrosis, and
the cause of portal venous obliteration. However, a priority
is establishing a permanent correction of portal blood flow
assuring long-lasting effectiveness of hemostasis. That is,
re-bleeding from jejunal varices or newly-developed gastroesophageal varices could occur if hepatopetal flow through
the main portal trunk is impaired.
Since in this case, there was a possibility for normal
portal venous flow, an angioplasty using either stentgrafts or balloons was used. If the portal vein had been
completely obstructed by inflammatory changes and the
obstructed segments were wider than an inch in length as
occurred in our previous cases[15,16], treatments other than
angioplasty would have been chosen.
In addition, it was possible to dilate the stricture and
secure a lumen of 8 mm in diameter using a balloon dilator.
This mechanically-forced dilation could inadvertently
interfere with an immediate correction of portal blood flow,
however, a urokinase infusion through the portal vein to
resolve thrombi attached was valuable[15,16].
Another unsolved issue using this intervention is
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the duration of patency of the stent-grafts. Funaki et
al [17]reported that patency was maintained with their
stents in portal veins for lengths of time ranging from
4 to 29 mo ,and in most cases stents were obstructed by
malignancies. Since we have only followed our patient for
14 mo, continued surveillance to determine patency of
the stent is essential.
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Abstract
Jejunostomy feeding tubes provide surgeons with an
excellent method for providing nutritional support, but
there are several complications associated with a tube
jejunostomy, including complications resulting from
placement of the tube, mechanical problems related
to the location or function and development of focally
thickened small-bowel folds. A 76-year old man who
presented with multiple medical diseases was admitted
to our hospital due to aspiration pneumonia with acute
respiratory failure and septic shock. He underwent
exploratory laparotomy with feeding jejunostomy using
a 14-French nasogastric tube for nutritional support.
However, occlusion of the feeding tube was found
30 d after operation, and a rare complication of knot
formation in the tube occurred after a new tube was
replaced. On the following day, the tube was removed
and replaced with a similar tube, which was placed into
the jejunum for only 15 cm. The patient’s feedings were
maintained smoothly for two months. Knot formation
in the feeding tube seems to be very rare. To our
knowledge, this is the third case in the literature review.
Its incidence is probably related to the length of the tube
inserted into the lumen.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
During the past 3 decades, enteral nutrition has become
increasingly popular because of improved nutritional
f o r mu l a s, a d va n c e s i n c a t h e t e r t e ch n o l o g y, a n d
development of less invasive techniques (including
endoscopic, fluoroscopic, and laparoscopic techniques) for
placement of feeding tubes for this purpose[1]. As a result,
jejunostomy tubes are used more frequently than before.
Despite the benefit of the enteral route for maintaining
nutrition, complications have been reported in 2%-12% of
patients in whom jejunostomy tubes were placed[2].

CASE REPORT
Here we present a case of 76-year old man who had a
history of bilateral middle cerebral artery stenosis with
multiple cerebral infarctions and was bedridden for
five years. He was living in a nursing home when he
was admitted to our hospital due to the impression of
aspiration pneumonia with acute respiratory failure and
septic shock. He underwent exploratory laparotomy with
feeding jejunostomy using a 14-French nasogastric tube
for enteral feedings. However, occlusion of the feeding
tube was found 30 d after operation. We tried flushing the
tube with warm water through a large piston syringe by
gentle push-and-pull motions, but in vain. So we replaced
it with a new tube. When we inserted the 14-French
nasogastric tube into the upper jejunum, we advanced it
at least one third of a meter distally beyond its entrance
site. When the patency of the tube was checked, we were
unable to put any feedings through the tube. An abdominal
roentgenographic study demonstrated that a knot was
formed in the tube (Figure 1, arrow).
O n th e f o l l owi n g d ay, wi th th e p a ti en t under
intravascular general anesthesia and local anesthesia, the
tube was removed (Figure 2), and replaced with a similar
tube which was inserted into the jejunum only for 15 cm.
The patient’s feedings were maintained smoothly for two
months.

DISCUSSION
An enterostomal device, which is inserted percutaneously
www.wjgnet.com
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Figure 1 Abdominal roentgenographic
study showing knot formation in the
tube (arrow).

Figure 2 Knot
formation in
the feeding
tube.

through a stoma created on the abdomen (gastrostomy
or jejunostomy), can be placed by surgical, endoscopic,
laparoscopic, or radiologic techniques[3]. It is indicated
when the nasal route is contraindicated or when the
patient is expected to need long-term enteral feedings.
Jejunostomy tube may be placed for long-term postpyloric
enteral feedings when bypassing the stomach is desirable.
Patients who will benefit from jejunostomy feedings
include those with gastric disease, abnormal gastric and
duodenal emptying, upper gastrointestinal obstruction or
fistula, absent gag reflex, or significant risk of esophageal
reflux and aspiration[4,5].
Abnormalities related to the placement of the tube
include complications resulting from placement of
the tube (i.e., small-bowel obstruction, nonobstructive
small bowel narrowing, sealed-off extraluminal tracks
or collections, extravasation of contrast material to the
skin, jejunal hematomas, small bowel intussusception, and
pneumatosis cystoides intestinalis), mechanical problems
related to the location or function (i.e., coiling, kinking,
occlusion, malpositioning, disruption, or knotting of the
jejunostomy tube and retrograde flow of contrast material)
and development of focally thickened small bowel folds as
an isolated finding at or just distal to the intraluminal end
of the tube[1,6-8].
To avoid a clog ged feeding tube, enteral feeding
devices should be thoroughly flushed every 4 to 6 h
during continuous feedings and whenever feedings are
on hold, before and after administration of feedings and
medications or after the residuals are checked. A large
syringe (30 to 60 mL) should always be used for flushing to
prevent rupture of the tube. The tube should be irrigated
with 20 to 30 mL of tepid water. No fluid has been found
to be superior to water for maintaining patency. A stylet
should never be used to unclog a tube because it can
puncture the tube or part of the gastrointestinal tract. We
may try one of the newer plastic declogging devices to
mechanically unclog a feeding tube[9-11].
Coiling, kinking, malpositioning, occlusion, or
disruption of the jejunostomy tube have been frequently
found in patients, but knot formation in the feeding tube
seems to be rare[12,13]. To our knowledge, this seems to be
the third case in the literature review. Its occurrence is

probably greater when the tube is inserted farther into the
lumen, suggesting that the mechanism of knot formation
is similar to that of supercoiling and concatenate
formation. To avoid knot formation the feeding tube
should not be inserted too long into the lumen. No more
than 15 cm seems appropriate in our experience.
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Abstract
Amiodarone, a class Ⅲ antiarrhythmic drug, is one of the
most effective drugs used in the treatment of ventricular
and paroxysmal supraventricular tachyarrhythmia.
Adverse effects of amiodarone including pulmonary
toxicity, hepatotoxicity, aggravation of arrhythmia, and
thyroid diseases are well understood. A 66-year old
woman with acute pancreatitis was admitted to our
hospital with the complaint of epigastralgia radiating to
both flanks for two months. Her symptoms and elevation
of pancreatic enzymes did not respond to conventional
medical treatment of pancreatitis for 18 d. No known
causal factors for pancreatitis such as biliary tract
stone, hypertriglyceridemia and alcohol consumption
could be identified. Under the suspicion of amiodaroneinduced acute pancreatitis, amiodarone was substituted
by propafenone. Her symptoms soon alleviated and
serum lipase level declined. Three months after hospital
discharge, the abdominal pain did not recur. Amiodarone
was approved to treat recurrent ventricular fibrillation
or sustained ventricular tachyarrhythmia that has been
resistant to other medications since 1986. Pancreatitis
is a very rare adverse effect associated with the use of
amiodarone, and only four cases of amiodarone-induced
pancreatitis have been reported in literature. We report
a patient who developed acute pancreatitis during
amiodarone therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Amiodarone has been approved to treat recurrent ventricular
fibrillation or sustained ventricular tachyarrhythmia which
has been resistant to other medications since 1986. A
recent study showed that amiodarone is more effective
than propafenone and sotalol against paroxysmal atrial
fibrillation, suggesting that amiodarone is the first choice
of treatment for maintaining sinus rhythm in patients
with paroxysmal atrial fibrillation[1]. Although amiodarone
is effective in treating atrial and ventricular arrhythmias,
adverse effects are common and increase markedly after
a year of treatment. Adverse effects may occur in many
organ systems, such as pulmonary, cardiac, central nervous
systems, as well as in thyroid, liver and gastrointestinal
tract, and some of them can be very serious and even
fatal[2]. Pancreatitis is a very rare adverse effect associated
with the use of amiodarone, and only four cases of acute
pancreatitis induced by amiodarone have been reported in
the literature[3-6]. We report a patient who developed acute
pancreatitis during amiodarone therapy.

CASE REPORT
A 66-year old woman was admitted to our hospital
because of epigastrialgia and flank pain for two months.
The patient had a long history of rheumatic heart disease
involving mitral and aortic valves. She received aortic valve
replacement in 1973 and mitral valve replacement in 1999.
She had paroxysmal atrial fibrillation with rapid ventricular
response controlled by quinidine and digoxin for many
years. However, tachyarrhythmia attacked her ver y
frequently in recent years, so she received a radiofrequency
catheter ablation in 2000. At that time, electrophysiological
study revealed sick sinus syndrome and a cardiac
pacemaker (DDDR) was implanted. After ablation therapy,
she experienced exertional dyspnea and orthopnea with
the severity of New York Heart Association function class
Ⅱ. Coronary angiography revealed no sign of coronary
artery stenosis. She visited the heart clinic regularly and
was treated with warfarin, spirololactone, furosemide and
digitalis.
She did not smoke cigarettes or drink alcoholic
beverages. According to her medical records, she had no
chronic diseases such as diabetes mellitus, hypertension,
hyperlipidemia and chronic hepatitis. She did not have
any exposure to toxic chemicals or travel overseas.
Cholecystectomy was performed in 1981 due to gall
bladder stones and acute cholecystitis. She did not
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Table 1 Clinical characteristics of reported cases of amiodarone-induced pancreatitis and the present case
Authors and year

Age/Sex Serum amylase level Serum lipase level
(normal value)
(normal value)

Sastri SV, et al 1990
Munoz RAI, et al 1996
Bosch X, et al 1997
Famularo G, et al 2004
Present case 2006

67/M
67/M
46/F
80/M
66/F

64 (0-45)
387 (70-220)
1480 (17-115)
732 (0-95)
109 (0-220)

38 (6-20)
546 (not applicable)
946 (0-190)
548 (10-140)
395 (0-30)

experience any right upper abdominal discomfort after
the operation. Total hysterectomy and bilateral salpingooophorectomy were done in 1984 due to uterine myoma and
right ovarian cyst. The post-operation course was uneventful.
Approximately three months before this admission,
amiodarone (200 mg per day) was given due to recurrent
paroxysmal atrial fibrillation. The dosage was reduced to
100 mg daily one month before admission. About two
months before this admission, she began to suffer from
a constant pain at her epigastrium. It was a dull pain with
radiation to her flanks. The pain did not change with body
positions, but it slightly got worse after meals. She had no
nausea, vomiting or diarrhea. She lost her appetite and 2
kilograms of her body weight within one month.
On admission, physical examination was unremarkable
except for mild knocking pain on both flanks. The patient
had no fever and jaundice. Laboratory examinations
including urine analysis, complete blood count, liver and
renal functions were within normal range. Serum amylase
was 109 U/L (normal value < 220 U/L) and serum lipase
was 395 U/L (normal value < 30 U/L). Ultrasound and
triphase dynamic computer tomography of the abdomen
demonstrated no dilatation of intrahepatic ducts or
common bile duct, no stones, no pancreatic enlargement
or necrosis, and no fluid accumulation. Because of
the persisted elevation of serum lipase, endoscopic
ultrasonography was done for a better visualization
of the pancreas. The result revealed a reticular pattern
over the whole pancreas that suggested the diagnosis
of pancreatitis. Under the impression of pancreatitis,
her oral intake was prohibited except for medications
including amiodarone. Her abdominal symptoms persisted
and serum lipase level was still high after three weeks of
conventional medical treatments.
Because no causal factor for pancreatitis was found
after the initial work-up, acute pancreatitis induced by
amiodarone was suspected. So amiodarone was substituted
by propafenone (400 mg) after a three-day overlapping
of both drugs. After amiodarone was discontinued, her
abdominal pain soon subsided and serum lipase gradually
returned to nearly nor mal level at discharge. Three
months after discharge, she was totally free of abdominal
symptoms and her follow-up check of serum amylase and
lipase level was normal.

DISCUSSION
Pancreatitis is usually presented with moderate to
severe abdominal pain sometimes radiated to the flanks,
www.wjgnet.com
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accompanied with increased serum amylase and lipase
and a variable degree of morphological changes in the
pancreas. Gallstones and alcohol are the most common
causes of acute pancreatitis. Other etiologies include
hypertriglyceridemia, trauma, infection and drugs. Many
medications have been reported in the literature to be
related to the development of pancreatitis[7,8]. However,
there is no clinical feature that can differentiate druginduced pancreatitis from other factor caused-pancreatitis.
Drug-induced pancreatitis is diagnosed by the following
criteria: pancreatitis developed during treatments, resolved
following the removal of the drug, and re-development
following re-challenge of the offending drug[9]. A “definite”
association can be made if the suspected drug meets all
three criteria. If a relationship is supported by not all
three criteria, the drug is classified as having a “possible”
association. A drug is classified as “questionable” if it is
supported by inadequate or contradictory evidence[9]. The
summaries of four reported cases and our present case
and the association between pancreatitis and amiodarone
are shown in Table 1.
How do we explain the discrepancy between serum
amylase and lipase in our patient? Although the elevation
of amylase and lipase is an important indicator for acute
pancreatitis, normoamylasemia has been reported in 19%
of patients with acute pancreatitis[10]. Elevated lipase and
normal amylase may occur in acute pancreatitis due to
a longer time interval since onset of attack, pancreatitis
caused by alcohol abuse or by hypertriglyceridemia [11].
Lipase level usually peaks at 24 h after the onset of acute
pancreatitis and normalizes within 8 to 14 d from the
onset of acute pancreatitis. Compared with ser um
amylase, serum lipase rises slightly later and remains
elevated longer. Since our patient sought medical help
two months after the onset of acute abdominal pain, her
serum amylase might would have returned to a normal
limit. Therefore, the possibility of acute pancreatitis could
not be excluded due the normoamylasemia from the very
beginning. Postmortem samples from patients who have
received a long-term treatment with amiodarone reveal
high concentrations of amiodarone and its metabolites
in adipose tissue, liver, lung and pancreas [12]. Chronic
deposition of amiodarone in pancreatic tissues may
explain the prolonged elevation of lipase in our patient.
The findings in ultrasound and computer tomography of
the abdomen are required for the diagnosis of pancreatitis.
However, in our patient, no obvious abnormality was
found in abdominal ultrasonography and computer
tomography. The only abnormal finding was a reticular

Chen YY et al . Acute pancreatitis induced by amiodarone
Amiodarone

induced by amiodarone. Although acute pancreatitis
induced by amiodarone seems to be less severe than
pancreatitis caused by gallstones or alcohol abuse,
physicians and patients should completely understand the
adverse effects of amiodarone including acute pancreatitis
when they decide to use amiodarone.
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pattern in endoscopic ultrasonography that highly suggested
pancreatitis. Our finding is similar to Bosch’s patient whose
abdominal ultrasonography and computer tomography
were nor mal [5] . The temporal relationship between
amiodarone therapy and the change of clinical symptoms
and major laboratory data of this patient are shown in
Figure 1.
Before reaching the conclusion that pancreatitis is
induced by amiodarone, other etiological factors of
pancreatitis should be ruled out. In our patient, no other
etiological cause was found from her medical history,
physical examination, laboratory results and image studies.
Since we did not re-challenge with amiodarone due to
ethical concerns, our patient fulfilled the “possible”
diagnosis of amiodarone-induced pancreatitis. The
possible mechanisms of drug-induced acute pancreatitis
include pancreatic duct constriction, immunosuppression,
direct cellular toxicity, osmotic or metabolic changes,
and arteriolar thrombosis[13], but the exact mechanism of
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Abstract
We report a case of sigmoid colon perforation in a
patient with Crohn’s disease undergoing computedtomographic (CT) colonography. A 70-year-old patient
with Crohn’s disease with terminal ileitis and sigmoid
stricture underwent CT colonography after incomplete
conventional colonoscopy. During the procedure, the
colon was inflated by air insufflation and the patient
developed abdominal pain with radiological evidence of
retroperitoneal and intraperitoneal free gas. Hartmann’s
operation was performed. This case highlights that CT
colonography is not risk-free. The risk of perforation may
be higher in patients with inflammatory bowel disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Computed-tomographic (CT) colonography is a relatively
non-invasive tool to examine the colon. It was once
thought to be almost risk-free when compared to
conventional colonoscopy. However, cases of colonic
perforation during CT colonography were reported in
normal subjects undergoing primary screening of colonic
carcinoma. It is obvious that CT colonography carries a
low but definite risk of colonic perforation. A few cases
of perforation were also reported in diseased colons, as
in patients suffering from ulcerative colitis and colonic
www.wjgnet.com

carcinoma. In this article, we report a case of colonic
perforation in a patient with Crohn’s disease undergoing
CT colonography.

CASE REPORT
A 70-year-old gentleman suffered from Crohn’s disease for
more than 10 years. He presented with chronic loose stool
diarrhea. He did not have per-rectal bleeding, abdominal
pain or other extra-intestinal symptoms. His body weight
remained static at around 42 kg. Colonoscopy in 2005
showed a stricture at the sigmoid colon with aphthous
ulcers, and a barium enema follow-through study showed
terminal ileal narrowing. Tissue biopsy of the colon
showed active chronic colitis with hyperplastic crypts
consistent with Crohn’s disease.
Since 2004, the patient had worsened diarrhea and
progressive weight loss to 40 kg. His hemoglobin dropped
from 13.1 to 12.0 g/dL. Plasma C-reactive protein
increased to 33.5 mg/L. He was treated with sulphasalazine
and iron supplements. A regular colonoscopy was arranged
to assess disease extent and to rule out colorectal cancer,
but the endoscope failed to advance beyond the tight
sigmoid stricture even using a pediatric colonoscope.
The patient was admitted to our hospital for computed
tomographic (CT) colonography on 7 July 2006 for further
evaluation. A 20-French Foley catheter without balloon
inflation was inserted with the tip in the rectum, and
air was introduced into the large bowel through manual
insufflation. Immediately after air insufflation, the patient
complained of lower abdominal pain. Plain CT film
demonstrated large amounts of free retroperitoneal air and
a small amount of intraperitoneal free gas (Figure 1).
The patient was diagnosed to have iatrogenic colonic
perforation. During emergency surgery, a 3 mm perforation
at the anti-mesenteric side of proximal sigmoid was
noticed, and there was a tight stricture at descending
colon just 1 cm proximal to the perforation. A left
hemicolectomy was performed to resect the stricture
and perforated segment. The distal transverse colon was
brought out as end colostomy. He subsequently had
uneventful recovery apart from transient perioperative
atrial fibrillation.

DISCUSSION
CT colonography is a relatively non-invasive imaging
technique to examine the colon. Adequate bowel
preparation is essential. During the procedure, air or

Wong SH et al . Perforation during virtual colonoscopy
Figure 1 Plain CT scan
of the abdomen after air
insufflation during CT
colonoscopy. Extensive
retroperitoneal gas was
detected (arrow).

carbon dioxide is insufflated through a rectal catheter.
Helical CT scans of the abdomen and pelvis during a
breath-hold are then performed to give a 3-dimensional
‘fly-through’ reconstruction, allowing examination of the
colonic surface with a simulated endoscopic view.
CT colonography has been most extensively evaluated
for the detection of colonic polyps and cancer. In
1233 asymptomatic patients in the United States, the
sensitivity and specificity of CT colonography in detecting
adenomatous polyps of at least 10 mm in size were 92
percent and 96 percent, respectively[1]. Less commonly,
CT colonography has also been utilized in patients
with Crohn's disease. The greatest advantage of CT
colonography lies in patients with strictures, adhesions or
obstructing tumors which prevent complete colonoscopic
examination. Studies have shown that CT colonography
can detect thickened bowel wall and deep ulcers in patients
with Crohn’s disease[2].
Since CT colonography does not involve the insertion
of an endoscope, it is generally perceived as a safe
procedure. The International Working Group on Virtual
Colonography reviewed a total of 21 923 CT colonography

979

procedures and reported only 2 cases of colonic perforations
with a rate of 0.009%[3]. Nevertheless, it is noteworthy
that most of the reported series involve people with
normal colon, some undergoing primary screening only.
In patients with colonic diseases, the diseased colonic wall
may not accommodate a high intraluminal pressure as
well as a normal colon. In addition, strictures may prevent
the even distribution of the air insufflated, resulting in
an increased intraluminal pressure locally. This may have
accounted for the close proximity between the perforation
site and stricture in our patient. There are case reports of
colonic perforations in patients with ulcerative colitis[4] or
carcinoma of the colon[5].
In conclusion, our case highlights that CT colonography
is not risk-free. The risk of perforation may be higher in
patients with inflammatory bowel disease. Prospective
studies should be conducted to further evaluate the risk of
CT colonography in these patients.
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Abstract
Hepatocellular carcinoma (HCC) is one of the 10 most
common cancers worldwide. There is no ideal treatment
for HCC yet and many researchers are trying to improve
the effects of treatment by changing therapeutic
strategies. As the majority of human cancers seem to
exhibit either abnormal p53 gene or disrupted p53 gene
activation pathways, intervention to restore wild-type p53
(wt-p53) activities is an attractive anti-cancer therapy
including HCC. Abnormalities of p53 are also considered
a predisposition factor for hepatocarcinogenesis. p53
is frequently mutated in HCC. Most HCCs have defects
in the p53-mediated apoptotic pathway although they
carry wt-p53. High expression of p53 in vivo may exert
therapeutic effects on HCC in two aspects: (1) High
expression of exogenous p53 protein induces apoptosis
of tumor cells by inhibiting proliferation of cells through
several biologic pathways and (2) Exogenous p53
renders HCC more sensitive to some chemotherapeutic
agents. Several approaches have been designed for the
treatment of HCC via the p53 pathway by restoring the
tumor suppression function from inactivation, rescuing
the mutated p53 gene from instability, or delivering
therapeutic exogenous p53. Products with p53 status
as the target have been studied extensively in vitro
and in vivo . This review elaborates some therapeutic
mechanisms and advances in using recombinant human
adenovirus p53 and oncolytic virus products for the
treatment of HCC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The concept of human gene therapy [1,2] derives from
fundamental discoveries[3,4] on the nature and working[5]
of the gene. Since the essential principles of molecular
genetics and gene transfer in bacteria were established in
the 1960s, gene transfer into animals and humans using
either viral vector and/or genetically modified cultured
cells has become inevitable[6]. Since then, this concept has
promoted thousands of researchers to attempt to realize
their long-cherished dreams of eradicating some of the
obstinate human diseases. Broadly defined, the concept of
gene therapy involves transfer of genetic materials[6] into
cells, tissues, or whole organs, with the goal of eliminating
diseases or at least improving the clinical condition of
patients[7]. As a milestone of gene therapy, the first approved
clinical protocol started trials in September, 1990 [8] .
Gene therapy provides great opportunities for treating
diseases due to genetic disorders, infections and cancer[9].
Hepatocellular carcinoma (HCC) is one of the 10 most
common cancers worldwide with its highest prevalence in
Southeast Asia and sub-Saharan Africa[10]. Although great
efforts have been made to overcome this cancer, no ideal
treatment is available at present[11]. In recent years, many
researchers are trying to improve the effects of treatment
by changing therapeutic strategies [12]. As the majority
of human cancers seem to exhibit either abnormal p53
gene [13] or disrupted p53 gene activation pathways [14],
intervention to restore wild-type p53 (wt-p53) activities
is an attractive anti-cancer therapy [14,15] . This review
elaborates some therapeutic mechanisms and advances in
using recombinant human adenovirus p53[16] and oncolytic
virus[17] products for the treatment of HCC.

CARCINOGENESIS OF LIVER CELLS AND
p53 GENE
Cancer predisposition, onset and therapeutic response
can be critically determined by the integrity of tumor
suppressor p53 [15]. Tumor suppressor protein p53 can
protect cells from growth and division[18], thus mediating
cell-cycle arrest[19], DNA repair[20] and apoptosis[13,14,19,21]
after its activation by multiple forms of cellular stresses[19].
p53 mutations [22] in plasma DNA are associated with
several cancers, and abnor malities of p53 are also
considered a predisposition factor for HCC (Table 1).
Mutant p53 (mt-p53) may be a marker of HCC carcinogen
exposure [22] . For example, in aflatoxin B1-exposed
patients[23], R249S tumor protein p53[24], one of the cancerassociated mutants, encodes p53, and is considered a
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Table 1 Abnormal p53 status detected in HCC with probable
mechanisms

Table 2 Approaches for restoring tumor suppression function
of p53 in the treatment of HCC

Endogenous status of p53 or its pathways Probable mechanisms

Strategies

Therapeutic effects

Mutation of p53 gene

Chemotherapy or radiotherapy

Inducing p53-dependent apoptosis in
tumor cells with wt-p53
Suppressing growth of both mutant
and wild-type p53-containing tumor cells
Blocking p53 degradation pathways to
induce p53 triggered tumor cell death
Preventing MDM2-mediated p53
ubiquitinationand degradation to
restore transactivation
Rescuing mt-p53 to restore p53
function

Loss of or decrease in wt-p53 expression
Hyperactivities of negative
regulators of p53
Increased diversity of p53 aberration
Presence of serum anti-p53 antibodies

Point mutation, allele deletion,
insertion, etc.
Enhanced p53 degradation,
complex formation
No p53 mutation, overexpressed negative regulators
of p53 attenuate its function
Progression of HCC
Over-expression of wt-p53,
presence of mt-p53, or both

genetic alteration during hepatocarcinogenesis[23]. Here
R249S as a mutant of p53 core domain, is a structural
mutation [25] , and constitutes one of the “hot spots”
associated with cancer.
There is evidence that the level of p53 alterations is
high in HCC, since it was reported that p53 increases the
frequency of HCC prediction from 79.5% to 86.3%[26],
showing that serum concentration of p53 protein may be
a convenient and useful non-invasive screening test for
prediction of HCC. A study[27] showed that attenuated p53
function and telomere-induced chromosomal instability
play a critical and cooperative role in the progression of
chronic liver damage to hepatocellular carcinoma. Loss
of p53 expression or presence of abnormal forms of
the protein is frequently associated with HCC cell lines.
Bressac et al[28] studied the p53 gene at the DNA, RNA,
and protein level in seven human HCC-derived cell lines,
and found that six of them show p53 abnormalities,
suggesting that alterations in p53 may be important
events in the transformation of hepatocytes[29] into the
malignant phenotype. p53 gene is frequently mutated in
high-grade[30] HCC. Inactivation of this multiple tumor
suppressor gene plays an important role in the progression
of chronic liver damage to hepatocellular carcinoma by
directly or indirectly inducing chromosome instability,
cell proliferation and neovascularization[31]. Kondo et al[32]
performed dual-color fluorescence in situ hybridization to
evaluate loss of the p53 gene, and revealed that loss of the
p53 gene occurs in HCC, and diversity of the p53 gene
aberration increases with the progression of chronic liver
damage to HCC.
Other factors for hepatocarcinogenesis are correlated
with abnormal functioning of p53, such as hepatitis B
virus (HBV)[23,33] and hepatitis C virus (HCV) [34]. HBV
gene encodes HBV protein x (HBx) [33], a protein as a
transcriptional activator [35] and plays an important role
in viral replication in HBV-infected cells. HBx as an
oncoprotein[36], can bind to the C terminus of p53 and
inhibit several critical p53-mediated cellular processes,
including DNA sequence-specific binding, transcriptional
transactivation, and apoptosis [37]. HBx integration and
inactivation of p53 by mutations and regional allelic
deletions are frequently found in tumors associated with
HBV infection[38]. HBx up-regulates survivin[39] expression
in hepatoma tissues. Survivin is an inhibitor of apoptosis
and found in many common human cancers but not in
www.wjgnet.com

Supplying exogenous wt-p53
by gene delivery
Overexpression of ARF
Interruption of MDM2-p53
interaction
Molecules stabilizing the active
conformation of the protein

normal tissues. Survivin is suppressed by wt-p53 and
over-expressed in 41%-70% of HCCs from Asia, its
over-expression is associated with aberrant p53 nuclear
positivity[40].
In addition to its aberration, as p53 responds to a
variety of genotoxic [34] and cytotoxic [41] agents in the
presence of a potent inhibitor[42] of p53, the liver’s ability
to handle such toxic agents is influenced, thus inducing
hepatocarcinogenesis.
Anti-p53 antibodies (p53-Abs) are products triggered
by accumulation of a mutated for m of p53 protein
and probably a large quantity of wt-p53 protein [43]. As
a specific serological marker for p53 gene expression
changes in HCC, the presence of p53-Abs is independent
of serum alpha fetoprotein and other conventional tumor
markers[44]. It was reported that serum p53-Abs have a
specificity of 100% for detecting malignancy[44], suggesting
that its use in combination with markers may increase the
diagnostic sensitivity of cancer.

MECHANISMS OF p53 THERAPY FOR HCC
Restoration of tumor suppression function of p53 has
been speculated in several clinical lines for the treatment
of HCC (Table 2).
p53 is frequently mutated in HCC[31]. Most HCCs have
defects in the p53-mediated[37] apoptotic pathway although
they carry wt-p53. Sometimes, p53 in HCC is wild-type
but has inactive function[45]. Signal to and activation of
p53 can lead to wt-p53 expression, thus suppressing the
transformed phenotype of hepatocytes and increasing the
effects of both chemotherapeutic agents and radiation
therapy[46]. Repression of p53 can be partial or complete[45]
in HCC, and activation of p53 can be achieved by single
small molecules, such as the well known antimalaria drug
quinacrine[45]. Supplying exogenous wt-p53 in cancer cells
by gene delivery is effective in suppressing tumor growth
of both mutant and wild-type p53-containing tumors[14].
The murine double minute 2 gene (MDM2) is an oncogene
and contains a p53-DNA binding site and produces a
phosphoprotein that forms a tight complex with both
mutant and wild-type p53 protein, thus inhibiting p53mediated transactivation and inducing p53 degradation[47].
There is a MDM2-p53 auto-regulatory feedback loop[48]
that regulates the function of p53 protein and expression
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of the MDM2 gene. Expression of the MDM2 gene can
be regulated by the level of wild-type p53 protein, while
the MDM2 protein, in turn, can form a complex with p53
and decrease its ability to act as a positive transcription
factor at the MDM2 gene-responsive element. Several
approaches have now been used to interrupt MDM2-p53
interaction to increase functional p53 levels and p53mediated therapeutic effectiveness[49]. ADP-ribosylation
factor (ARF) proteins are critical regulators of the
protein secreting pathway[50]. In a human HCC cell line[51],
adenosine diphosphate (ADP) and adenosine triphosphate
(ATP) are degraded to adenosine and treatment of HCC
cells with adenosine can inhibit growth of HCC cells
and activate caspase-3, indicating that adenosine is an
apoptotic agent with cytotoxicity. ARF is considered a
tumor suppressor[52], and can initiate cellular response to
aberrant oncogene activation by binding to and inhibiting
the activity of MDM2. The human counterpart [53] of
MDM2 (HDM2), like the murine protein, can inactivate
the transactivation ability of human p53. ARF and p53
bind to MDM2 on different sites. ARF-p53 complex is
formed depending on the mediation by MDM2 and can
enhance p53 stability [54]. Blockage of p53 degradation
pathways either by over-expression of ARF or interruption
of MDM2-p53 interaction can effectively induce p53triggered tumor cell death[14].
High expression of p53[55] in vivo may exert therapeutic
effects on HCC in two aspects: (1) High expression of
exogenous p53 protein induces apoptosis of tumor cells
by inhibiting proliferation of cells through several biologic
pathways and (2) exogenous p53 renders HCC more
sensitive to some chemotherapeutic agents.
In addition, p53 down-regulates the expression of
genes involved in angiogenesis[56], by the angiogenesisinhibiting properties of wt-p53 protein[13].
It is very difficult to treat HCC due to drug resistance.
It is necessary to reverse multiple drug resistance to
human HCC cells and to find out the related mechanisms.
The expression and activity of P-glycoprotein as well
as the multiple drug resistance gene (MDR) products,
are elevated in HCC cells with mt-p53[57]. Expression of
mt-p53 enhances drug resistance to HCC cells and reduces
their uptake of chemotherapeutic agents. In contrast to the
increased expression of MDR by mt-p53, wt-p53 inhibits
transcription of MDR[58]. Therefore, restoration of wt-p53
activity in HCC cells leads to the sensitivity of HCC cells
to chemotherapeutic agents because of the decreased
expression of P-glycoprotein encoded by MDR.

APPROACHES OF p53 THERAPY FOR HCC
Studies indicate that it is necessary to deliver therapeutic
genes into cells with high specificity and efficiency in
order to increase the effect of gene therapy against
cancer[5,7,9,11]. A key factor for the success of gene therapy
is the development of delivery systems [5,7,9] that are
capable of efficiently transferring genes into a variety of
tissues, without any associated pathogenic effects[7]. These
techniques permit the isolation and insertion of genes into
the recombinant delivery systems[5]. Two kinds of gene
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transfer vectors, namely viral and non-viral, are available at
present.
Viruses are recognized natural gene carriers [5] and
provide inspiration of gene therapy. Viruses have been
engineered as gene delivery vectors [59]. However, their
limits such as selective disadvantage[60], immunogenicity
and toxicity[61], inefficient gene transfer and short-lived[62]
or inadequate expression in transfected liver cells [63],
require us to search other delivery systems.
Non-viral vectors have several advantages over
viral vectors[61]. The transferred gene is in the form of
a plasmid[64] that is on the surface or in the interior of
the vector. Such vectors include liposome[61], molecular
conjugates[65], nanoparticles[66] with strong anti-tumor effect
on human HCC, naked DNA[67] and complexed DNA[68].
Better transfection efficiency can be achieved with delivery
systems such as cationic lipids and cationic polymers[63].
To date, tissue-specific expression[69], self-replicating[70]
and integrating plasmid[71] systems have been reported
for gene therapy of HCC. Iodized oil emulsion[72] has a
particular affinity to hypervascular hepatic tumors and
is now commonly used in HCC chemoembolization,
suggesting that it can be applied to the liver as a non-viral
gene transfer system for intra-arterial gene delivery with
selective gene expression in tumor cells.

THERAPEUTIC PRODUCTS WITH p53
STATUS AS TARGET
Recombinant adenovirus p53 (rAd-p53) and oncolytic virus
are the promising therapeutic products for the treatment
of HCC mostly applied in vitro and in vivo at present. With
the introduction of exogenous wt-p53 expressed by the
recombinant adenoviral vector, the expression of both p53
and p21 proteins is found to be up-regulated in cells[55].
Inhibition of cell growth and apoptosis can be achieved[55].
Oncolytic viruses[73,74] are a number of defective viruses,
which cannot replicate in normal cells but are able to grow
in tumor cells, finally leading to their lysis.
The two kinds of viruses and their characteristics were
compared (Table 3).
Recombinant adenovirus p53 (rAd-p53)
Since human adenovirus vector systems have a lager host
range and lower pathogenicity to humans [75], and the
binding affinity for epithelium[76] is important because most
of human tumors are of the epithelial origin, and serotype
4 of species E[77,78] shows a specific binding affinity for
HCC cells[76], they are generally used for the expression
of proteins in human beings or other species with some
advantages. The E1 region of adenovir us has been
identified as a subregion of the viral genome present in
transformed cells and is responsible for transformation[79].
Recombinant human adenoviruses constructed with
the E1 region replaced by exogenous DNA become
replication-defective and yield a relatively low degree of
acute toxicity [80]. Since recombinant adenoviral vector
expresses wt-p53 (Ad-p53), p53 gene can be transfected
into HCC cell lines[55]. Experiments showed that tumor
cells transduced with the wt-p53 gene can inhibit in vivo
www.wjgnet.com
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Table 3 Comparison of several characteristics of rAd-p53 with oncolytic virus products
Products

Characteristics

rAd-p53
Advexin
Gendicine
SCH58500
Oncolytic viruses
ONYX-015
CNHK300-mE

p53 gene is transfected into HCC cells with recombinant adenoviral vector expressing wt-p53
Larger host range, low pathogenicity to human, replication-impaired adenoviral vector carrying the p53 gene
The first commercial gene therapy product in the world approved by SFDA
Replication-deficient type 5 adenovirus vector expressing human wt-p53 under control of cytomegalovirus promoter
Incapable of replicating in normal cells but selectively replicating in p53-defective tumor cells to lyse them
Tumor-selective replicating virus, the prototype for oncolytic adenoviral therapy
Replication-competent with advantages of both gene and virus therapies

tumor growth of adjacent nontransduced cells, suggesting
that Ad-p53 is also anti-angiogenic [81], partially by the
bystander effect induced by the wt-p53 gene transfer on
adjacent tumor cells.
Oncolytic viruses
As HCC cells with p53 defects have lost their cellular
surveillance mechanisms, oncolytic viruses interfering with
the main surveillance pathways such as those controlled by
p53[73], could replicate selectively in them and cause lysis.
E1A gene of adenovirus is an apoptosis-inducing gene and
E1B gene of adenovirus is an apoptosis-inhibiting gene.
The 55-kilodalton (55kDa) protein from the E1B-region
of adenovirus binds to and inactivates the p53 gene[82].
Because of a deletion in E1B, the 55-kDa E1B protein
is not expressed and the mutant adenovirus, termed
ONYX-015[83], is able to replicate only in wt-p53 deficient
cells. The E1B55K-defective adenovirus ONYX-015 is a
prototype[73,82,83] of oncolytic viruses and can selectively
replicate in and kill p53-deficient HCC cells, the success of
cancer gene therapy is not promising unless it is carefully
designed based on the biology of a specific [84] tumor
type. To enhance the efficiency of such oncolytic viruses,
another E1B 55kDa-deficient adenovirus armed with a
mouse endostatin gene has been constructed for antitumor activities against HCC, and termed as CNHK200mE [85]. With the synergistic effect of carrier virus and
therapeutic gene, a novel approach has been established
with the vector system termed as gene-viral vector[86] or
gene-viral therapeutic system wherein an anti-tumor gene
is inserted into the genome of a replicative virus specific
for tumor cells to combine the advantages of gene and
virus therapies. Using the human telomerase reverse
transcriptase (hTERT) promoter to drive the expression
of adenovirus E1A gene and clone the therapeutic gene
mouse endostatin into the adenovirus genome, CNHK300murine endostatin (CNHK300-mE) [87] is constructed,
showing potential effects in the treatment of HCC.

EMPIRICAL STUDIES OF p53 THERAPY
FOR HCC
Activation of p53 by either chemotherapy or radiotherapy
induces p53-dependent apoptosis in tumor cells with
wt-p53[14].
In the treatment of HCC, p53 products are injected
into liver tissue by a variety of routes[55,72,82,88-92]. When p53
products are injected intratumorally[55,88,89], introduction of
exogenous wt-p53 can inhibit cell growth, the expression
www.wjgnet.com

of both p53 and p21 proteins is up-regulated in tumor
cells. Intraarterial gene delivery into animal hepatic tumors
can lead to selective gene expression in tumor cells[72].
Antegrade intraportal and retrograde intrabiliary routes
are compared, induce transgene expression in periportal
areas of liver with no significant difference in transduction
efficacy, and no apparent complications are observed
apart from very mild elevation of serum biochemical
parameters [90]. The effect of bile and pancreatic juice
on gene deliver y has been studied under the guide
of endoscopic retrograde cholangiopancreatography
(ERCP)[92], showing that neither bile nor pancreatic juice
affects transgene expression. Intrasplenic injection of
p53 products can transfer gene into the portal venous
circulation. When p53 products are injected intravenously,
barriers such as the endothelial lining of tumor vasculature
impair the efficiency of adenoviral vectors for gene
delivery into HCCs[65,82], which can be overcome by direct
injection of p53 products into tumor tissues[89]. Other gene
delivery routes have also been reported[91].
High-volume hydrodynamic injection of a gene via the
hepatic artery with inferior vena cava/portal vein occlusion
can achieve a high level of gene expression in HCC rat
model[67]. This gene transfer technique may have potential
in clinical gene therapy for HCC. Oncolytic adenovirusmediated gene therapy induces tumor-cell apoptosis and
reduces tumor angiogenesis, leading to inhibition of
HCC growth in animal model [88]. Because CNHK200mE is capable of selectively replicating in HCC cells, thus
suppressing tumor growth and antiangiogenic activity in
nude mice[85], it can be used as a potential agent in the
treatment of HCC.

CLINICAL RESEARCHES OF p53 THERAPY
FOR HCC
After in vitro and in vivo experiments, different adenovirusmediated p53 gene therapies for various tumors have
been evaluated[46]. It was reported that when recombinant
adenovirus p53 (SCH 58500) is administered by hepatic
arterial infusion, and it distributes more predominantly in
liver tissues than in tumors[93].
Intratumoural injection of Ad-p53 can lead to overexpression of p53 in cancer cells by inducing cell growth
arrest and apoptosis, and overcome resistance or increase
the effectiveness of radiation therapy and chemotherapy[94].
Hepatic artery embolization for the treatment of HCC
was first reported in 1979[95]. Since the 1980s, transcatheter
arterial chemo-embolization (TACE) has been applied
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to various HCCs apar t from those with humoral
hypercalcemia[96]. TACE as a local ablative treatment is
able to control local disease and prolong a similar survival
to that of surgical resection[11]. However, the recurrence
of HCC after successful control of local tumor spread
is high due to the non-curative procedure. In contrast to
necrosis resulting from TACE, apoptosis is not commonly
accompanied with inflammation that causes collateral cell
damage, suggesting that the effects of intra-tumoral or
intraarterial injection of p53 products in combination with
TACE, on tumor tissue ischemia and necrosis, may be
synergic and can improve survival.
In addition, inhibitors of p53-mediated apoptosis
might be used to transiently decrease apoptosis in normal
tissues when patients receive high doses of radiation or
chemotherapy[97]. Emulsion of iodized oil and contrast
medium can be used as a nonviral gene transfer system for
intraarterial gene delivery[72].

CHALLENGES AND PROSPECTS
p53 is an ideal target for anti-cancer drug design [14] .
Blockage of p53 degradation pathways can effectively
induce p53 triggered tumor cell death[14]. Since unlike most
other tumor suppressor genes, mt-p53 is over-expressed
in tumor cells, a promising approach involving reactivation
of tumor-suppressing function to mt-p53[21,25]. Further
understanding of the mechanisms of how to restore p53
activity, may lead to discovery of more potent analogs and
new strategies[11,73,91] for p53-targeting in tumor therapy.
More genes previously unknown have been identified
that are involved in the regulation of p53 transcriptional
activity and their over-expression inhibits p53 target
promoters and p53-mediated apoptosis, suggesting that
these genes play a role as p53 inhibitors and may have
oncogenic activity[98].
As hepatocarcinogenesis is a multistage process
involving a number of genes[99,100], attention should be
paid to the target genes whose altered expression actually
mediates neoplastic phenotype. There is an urgent need to
establish simple and low-cost tests for detecting expression
of p53-related genes in HCC[99,100] that are hallmarks of
HCC development. Continuous monitoring of serum p53
protein is important in early detection of recurrence of
HCC, and immunodetection of serum p53 is valuable[101]
for post-operative monitoring during follow-up in
preoperatively positive patients.
Nevertheless, about 40% of cancers retain wt-p53, and
there may be mutations of other genes in cells with p53
mutations. Therefore, the mechanisms of p53 in HCC
therapies should be further studied.
It was reported that hepatic arterial administration of
p53 products cannot substantially increase transduction
of tumor cells, and ligation of the hepatic artery following
infusion of adenovirus or addition of lipiodol infusion
has no effect on the transduction of tumor cells [102] ,
suggesting that better administration approaches must be
developed for more efficient transduction of tumor cells.
Safety and research ethics must be emphasized. Human
gene therapy can lead to serious adverse effects and even
death[103]. In a gene therapy experiment in 1999[104], death
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of Jesse Gelsinger was found to be directly linked to the
viral vector used for the treatment. This tragic event has
raised new questions about the prospects for human gene
therapy, which not only achieves a therapeutic effect but
also has potential adverse effects.
Another task at present is to find out the key points
of tumor resistance to rAd-p53[105-108]. Since exogenous
wt-p53 was introduced, inhibition of tumor growth has
become unnecessary for human cancer cells carrying
mt-p53 [105]. In some cancer cells, wt-p53 is inactivated
by different mechanisms. Since the presence of mt-p53
may induce genome instability of human cancer cells and
mutator ability, they can escape the effects of exogenous
wt-p53 and contribute to the failure of wt-p53 gene
therapy. On the contrary, exogenous wt-p53 in other
cancers can have effects only on those expressing wt-p53.
For example, alterations of p53 gene are uncommon in
differentiated thyroid neoplasm but can be frequently
detected in anaplastic thyroid carcinoma[107], suggesting
that impaired p53 function may contribute to the
undifferentiated and highly aggressive phenotype of these
tumors. It was reported that exogenous expression of
wt-p53 has influence on thyroid tumorigenic properties
only in cells bearing altered p53, whereas it has no effect
on cells expressing wt-p53 activity [106], indicating that
the endogenous p53 status seems to be essential for
the effectiveness of p53-based gene therapy for some
cancers. Another study [108] evaluated the therapeutic
effects of truncated Bid gene (tBid) on p53-resistent
HCC and demonstrated that this gene only targets AFPproducing cells but not non-AFP producing ones[109]. The
introduction of tBid can not only significantly but also
specifically kill HCC cells that produce AFP, indicating that
death of HCC cells is induced by an apoptotic pathway
independent of p53 status[108].

CONCLUSION
p53 is an ideal target for the design of anti-cancer
therapeutic strategies. p53 is frequently mutated in a
significant portion of HCCs, and can mediate defective
apoptotic pathways in HCC car r ying wild type of
p53. Several approaches have been designed for the
treatment of HCC via the p53 pathway by restoring
tumor suppression function from inactivation, rescuing
mutated p53 gene from instability, or delivering therapeutic
exogenous p53. Products with p53 status as the target have
been studied extensively in vitro and in vivo. Although their
therapeutic effects are limited, further study is needed to
elucidate the mechanisms of p53 in HCC therapies, the
role of endogenous p53 status, novel genes involved in the
regulation of p53 transcriptional activity, the establishment
of simple and low-cost tests for detecting expression
of p53-related genes in HCC, better administration
approaches of exogenous p53, safety and research ethics,
and the key points of resistance to rAd-p53 in HCC.
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worldwide. There are no ideal therapies for advanced HCC so far, and many
researchers are trying to improve the effects of treatment by changing therapeutic
strategies including application of gene therapy.

Research frontiers

About 50% of human cancers are associated with mutations in the core domain of
tumor suppressor p53, thus p53 is regarded as the most frequently mutated gene.
It is an attractive approach to the treatment of HCC by restoring wild type p53
activity.

Innovations and breakthroughs

Several approaches have been designed for the treatment of HCC via the p53
pathway by restoring tumor suppression function from inactivation, rescuing
the mutated p53 gene from instability, or delivering therapeutic exogenous p53.
Products with p53 status as the target have been studied extensively in vitro and
in vivo.

Applications

p53 pathway can be used as a target in the treatment of HCC.

Terminology

Gene Therapy: The treatment of certain disorders, especially those caused by
genetic anomalies or deficiencies, by introducing specifically engineered genes
into patient cells. p53 gene: It is a tumor suppressor gene providing instructions
for making a protein called tumor protein 53 (TP53). Through the effect of the
protein it produces, TP53 is a tumor suppressor gene regulating the cycle of cell
division by protecting cells from growing and dividing too fast or in an uncontrolled
way. The p53 protein is located in the nuclei of cells throughout the body and can
bind directly to DNA. When the DNA in cells becomes damaged, this protein plays
a critical role in determining whether the DNA is repaired or the cells undergo
programmed cell death (apoptosis). If the DNA can be repaired, p53 activates
other genes to repair the damage. If the DNA cannot be repaired, the p53 tumor
protein protects cells from dividing and signals it to undergo apoptosis. This
process protects cells with mutated or damaged DNA from dividing, which helps
prevent the development of tumors. Because the p53 tumor protein is essential
for regulating cell division, it has been nicknamed the “guardian of the genome.
Vector: Any device of transportation or movement. In this article, it denotes “a
virus used to deliver genetic material into cells” or “a piece of DNA carrying DNA
fragments into host cells”.

Peer review

This review elaborates some therapeutic mechanisms and advances in using
recombinant human adenovirus p53 and oncolytic virus products in the treatment
of HCC. This review is helpful for many readers. The prospects should be
expanded.
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Abstract
Metallothioneins (MTs) were discovered in 1957 by
Margoshes and Vallee and identified as low-molecular
weight and sulphydryl rich proteins. It is not surprising
that most mammalian tissues contain age related basal
levels of MTs since they are involved in metalloregulatory
processes that include cell growth and multiplication.
In an effort to understand the biology of this intriguing
tumor, various biomarkers such as oncogenes, p53
tumor suppressor gene, waf 1 protein, proliferating
cell nuclear antigen, telomerase, microsatellite markers
and cytogenetic changes have been examined. One
biomarker which has recently shown to be expressed in
various human tumors but still less reported in carcinoma
is MT. Immunohistochemical detection of MT proteins
in cold acetone-fixed paraffin embedded liver sections
was performed by the streptavidin-avidin-biotin immunoperoxidase complex method.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Metallothioneins (MTs) were discovered in 1957 by
Margoshes and Vallee and identified as low-molecular
weight sulphydryl rich proteins. Due to their high metal
content and unusual bioinorganic structure, they are

distinguished as metalloproteins. It is not surprising that
most mammalian tissues contain age related basal levels of
MTs since they are involved in metalloregulatory processes
that include cell growth and multiplication. The presence
of high levels of MTs in developing mammalian cells is
well documented and it has been suggested that the MTexpressed protein is similar to onco-developmental gene
products such as alpha-fetoprotein[1].
Classification of MTs
MT is a small protein with a high affinity for divalent
heavy metal ions. MTs are a family of Mr 6000 proteins
comprised of MT-Ⅰ, MT-Ⅱ, MT-Ⅲ and MT-Ⅳ classes
with multiple isoforms within each class. MT-Ⅰ and MTⅡ are ubiquitously expressed and are stress inducible.
MT-Ⅰ isoform inducibility is reported to depend on the
embryonic germ layer from which a tumor is derived[2].
MTs are a group of ubiquitous low molecular mass
cysteine-rich intracellular metal binding proteins. In
human, MTs are encoded by a family of genes consisting
of 10 functional MT isoforms and the encoded proteins
are conventionally subdivided into four groups: MT-1,
MT-2, MT-3 and MT-4 proteins. While a single MT-2A
gene encodes MT-2 protein, MT-1 protein comprises many
subtypes encoded by a set of MT-1 genes (MT-1A, MT-1B,
MT-1E, MT-1F, MT-1G, MT-1H and MT-1X), accounting
for the micro-heterogeneity of the MT-1 protein. Different
MT genes in humans possibly play different functional
roles during development or under various physiological
conditions[3,4].
The known functions of MTs include metalloregulatory
roles in cell growth and differentiation, and enhanced
synthesis of MTs in rapidly proliferating tissues suggests
its crucial role in normal and neoplastic cell growth[5].
Characteristics of MTs
These intracellular proteins are characterized by their
unusual high cysteine content (30%) and lack of aromatic
amino acids. Because of their rich thiol content, MTs bind
a number of trace metals including cadmium, mercury,
platinum and silver, and also protect cells and tissues
against heavy metal toxicity. Additionally MTs are among
the most abundant intracellular aspects for biologically
essential metals, zinc and copper. MT metal-thiolate
fractions being dynamic and of high affinity also facilitate
metal exchange in tissues[6].
They are present in a great variety of eukaryotes[3],
functioning as anti-oxidants; they also play a protective role
against hydroxyl free radicals. This is relevant in tumors
(nasopharyngeal carcinoma) which are known to be
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markedly radio-sensitive, where radiotherapy (which kills
cells via free-radical-induced apoptosis) is the treatment of
choice[7].

MT AS TUMOR MARKER
Alteration in MT function due to carcinogenesis
Development of carcinogenesis is a dynamic process in
which irregulation of gene function occurs. Time is crucial
in this process. During a latency period of several years
or even decades, the genetic material of cells is subject to
multiple ‘hits’ by damaged substances, carcinogens, etc.
Accumulation of damage leads to altered gene function
and colonal expansion of mutated cells. However, most of
these early lesions never develop into more aggressive and
invasive states, but disappear spontaneously. This feature
of carcinogenesis does not solely influence the initial
phase of this process but actively intervenes and changes
the course of the disease[5].
Protective functions of MT
MTs have a high binding affinity to bivalent metal ions.
A number of studies have demonstrated the presence or
enhanced synthesis of MT in rapidly proliferating normal
cells, regenerating cells and cancer cells. The studies
have suggested a relationship between high expression
of MT protein and aggressive neoplastic cell growth.
Due to their nucleophilicity, MTs have been shown to
protect cells against the cytotoxic effects of electrophilic
anticancer drugs. However, protection of cells by MT
from the cytotoxic effect of agents such as 1- β -Darabinofuranosyl cytosine and nuclear factor DF-α must
involve mechanisms other than simple covalent binding[8].
Relation between MT and apoptosis
Recent reports of various studies have shown that the
enhanced expression of MT in cells induces the antiapoptotic effects and a lack of MT in MT null cells
increases the susceptibility to apoptic cell death after
exposure to certain anticancer drugs. The down-regulation
of MT in MCF-7 cells within 18-mer antisense has
not only shown inhibition in growth but also initiated
apoptosis[8].

MTs INVOLVED IN PATHOPHYSIOLOGICAL
PROCESSES IN HUMAN
Role of MT in detoxification
MTs play a homeostatic role in the control and detoxification
of the heavy metals; several evidences indicate that MT
has the capacity to scavenge reactive oxygen metabolite
(ROM), particularly the hydroxyl radical. These substances
which are produced continuously during normal aerobic
metabolism may become noxious in situations of imbalance
with endogenous antioxidants and then can induce DNA
damage, lipid peroxidation, enzyme oxidation, etc., leading
to cellular destruction, chromosomal aberrations and
finally to cancer. Paradoxically, by anticancer treatment
such as radiotherapy, chemotherapy and photodynamic
therapy, tumor cells are killed by generating toxic amounts
www.wjgnet.com
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of ROM[2].
MT was considered as a potential prognostic marker in
invasive ductal carcinoma of the breast[9], skin[10], cervix[11]
and pancreas[12]. Irregular cell growth, due to increased
cell proliferation or failure of cells to undergo apoptosis is
recognized as a major contributory factor to the malignant
process.
Dual functions of MT
MTs appear to perform dual functions of influencing
the growth and sur vival of tumor cells as they are
known to have metallo-regulatory functions in cellular
repair processes, growth and differentiation and to
play a protective role in oxidative stress by scavenging
free radicals, thus protecting the cell against apoptosis
induced by oxidative stress. MT can be induced by a
number of endogenous and exogenous stimuli including
glucocorticoids, interferon, interleukin-1, progesterone,
vitamin D3 endotoxins, serum factors, and heavy metals,
storage of metal ions and regulation of cellular zinc[1].
MT and its response to anti-cancer drugs
The association of MT expression with spontaneous
mutagenesis response to anti-cancer drugs and tumor
progression has emerged in recent years. This has been
more significant in the later stage, with reliable methods
for detecting the two isoforms of MT-Ⅰ and MT-Ⅱ
by immunohistochemistry in archival tissues. MT over
expression has been associated with more malignant
and higher grade tumors in some cancers and with more
differentiated lower grade tumors in others[6].
Over expression of MT
The in vitro studies suggest that MT over expression
in ovarian cancer may induce chemo-resistance. It has
been proposed that the sequestration of drugs or their
metabolites may prevent the reaction of these compounds
with the respective intracellular target, thus decreasing the
efficacy of certain anti-cancer drugs.
Recurrence of drug resistant ovarian tumors that
initially appear to respond well to chemotherapy may be
explained by over expression of drug resistance proteins
such as MT.
Another opinion of the same investigators is that
growth factor signals might activate transcription factors
that control the expression of drug-resistant enzymes
and proteins. However, two independent groups of
investigators were unable to find a direct causal relationship
between MT expression and chemo-resistance[1].
Genotoxic and non-genotoxic effects
Humans are exposed to mixtures of genotoxic and
non-genotoxic environmental chemicals that may be
linked to cancer. Robust biomarkers of somatic stem
cell mutation and mutant clonal expansion may provide
cancer surrogates that are useful for risk assessment.
Acquired mutation of a selectable endogenous reporter
gene like glucose-6-phosphate dehydrogenase (G6PD)
within a colonic crypt stem cell induces a crypt-restricted
phenotype change.

Thirumoorthy N et al . Metallothionein

Stem cell mutation
Stable crypt-restricted immunopositivity for MT is a
recently described stem cell mutation marker for mouse
colon that can be assayed in paraffin-fixed tissue sections
and has been validated against the G6PD assay. MTimmunopositive crypt frequency has shown a dose
response to three different chemical mutagens that further
confirmed the evidence that it is a somatic mutation
marker[13].
Low levels of MTs and their susceptibility
Accumulating evidence indicates that cells with low levels
of intracellular MT are more susceptible to DNA damage
and apoptotic death after exposure to stress stimuli
including oxidative stress, whereas prior induction of MT
appears to confer protection. The findings of changes
in unicellular localization of MT from cytoplasm to the
nucleus during early differention of myoblasts coincide
with increased apoptosis of newly formed myotubes[14].
Markers of carcinogenesis
The basal expression of MT in normal cells has generally
been associated with heavy metal detoxification,
intracellular trace elements storage and scavenging of free
radicals. Authors Tridip and Thirumoorthy studied the
roles of alterations of hepatic levels of trace elements
and significance of the expression of MT and Ki-67
proteins as important markers of carcinogenesis in the
development of pre-malignant phenotype and the reported
dose (0.5 ppm) of vanadium in suppressing 2-AAFinduced carcinogenicity. Several reports are available to
show that, over expression and up-regulation of MT
and Ki-67 proteins are associated with the carcinogenic
processes. But the reports documenting the anti-neoplastic
potential of chemo-preventive agents in modulating these
indicts are meager.
It was reported that the chemo-preventive potential
of vanadium is suppressing in MT and Ki-67 expression
in preneoplastic rat liver. The role of vanadium on p53
expression and induction of apoptosis in a defined rat
model of experimental hepato-carcinogenesis has also
been brought into focus[15].
MT as anti-oxidants
MTs can function as antioxidants. It has been suggested
that intracellular oxidants may play a role in anticancer
drug mediated programmed cell death and it was observed
that MT expression can be regulated by ambient oxygen
levels. This has led to speculation that MT may be an
inducible anti-apoptotic gene product[6].
Proteins like MT may play an important role in
carcinogenesis, including tumor cell patholog y and
drug resistance. It was shown that colorectal and gastric
carcinogenesis was associated with a significant increase in
the level of manganese (Mn-SOD) containing superoxide
dismutase, an antioxidant enzyme that detoxifies
superoxide to hydrogen peroxide[2].
Factors influencing synthesis of MT
The synthesis of MT is regulated by polymorphic genes
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and induced by many factors such as metals, hormones,
cytokinen, drugs and physical and oxidative stresses.
Tumor MT levels have also been reported to correlate with
resistance to anticancer reagent[16].
MT regulates intracellular concentration of zinc
and other metal ions. MT over expression can influence
transcription, replication and protein synthesis, and might
explain why MT over expression is associated with highgrade tumors, including carcinomas of the head and neck[17].

IMMUNOSTAINING OF MT
Positive control
Immunohistochemical detection of MT protein in cold
acetone-fixed paraffin embedded liver sections was
performed by the streptavidin-avidin-biotin-immuno
peroxidase complex method (Jin et al, 2002). Briefly,
5 μm thin sections on poly-L-lysine coated slides were
deparaffinized and rehydrated. Endogenous peroxidase
activity was blocked with 1% H2O2 in 0.1 mol/L Tris-NaCl
(pH 7.6) for 30 min. After incubation with 5% normal goat
serum for 1 h at 37℃, sections were incubated overnight
at 40C with the primary antibody rabbit anti-rat MT-1 in
1% BSA using 1:50 dilution. Sections were then incubated
with a bio-tinylated secondary antibody goat anti-rabbit
IgG (Sigma) for 30 min at 37℃ with 1:200 dilutions.
This was followed by incubation with streptavidin
peroxidase (1:100) for 1 h and subsequent chromogen
development with 0.5% of 3, 3′-diamino benzedrine tetra
hydrochloride (DAB) and 0.33% H2O2 in 0.5 mol/L TrisNaCl as substrate. The sections were then counterstained
with Harris haematoxylin (H&E), then dehydrated,
mounted and served as positive control.
Negative control
Negative control was prepared following the above steps
but by omitting the primary antibody. MT immunostaining was considered positive when the nuclei and
cytoplasm of the hepatocytes were stained prominently
(purplish brown/reddish brown). MT immunoreactivity
was expressed as percentage of immuno-positive cells. A
total of 10 high power fields were randomly chosen. The
numbers of positive cells were determined in relation to
the total number of cells in the field[15].
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Abstract
AIM: To investigate the role of cytochrome P450 (CYP)
in the carcinogenesis of squamous-cell carcinoma (SCC)
in human esophagus by determining expression patterns
and protein levels of representative CYPs in esophageal
tissue of patients with SCC and controls.
METHODS: mRNA expression of CYP2E1, CYP2C,
CYP3A4, and CYP3A5 was determined using RT-PCR
in both normal and malignant esophageal tissues of
patients with untreated esophageal SCC (n = 21) and
in controls (n = 10). Protein levels of CYP2E1, CYP2C8,
CYP3A4, and CYP3A5 were measured by Western blot.
RESULTS: Within the group of SCC patients, mRNA
expression of CYP 3A4 and CYP2C was significantly
lower in malignant tissue (-39% and -74%, respectively,
P < 0.05) than in normal tissue. Similar results were
found in CYP3A4 protein levels. Between groups,
CYP3A4, CYP3A5, and CYP2C8 protein concentration
was significantly higher in non-malignant tissue of SCC
patients (4.8-, 2.9-, and 1.9-fold elevation, P < 0.05)
than in controls. In contrast, CYP2E1 protein levels
were significantly higher in controls than in SCC patients
(+46%, P < 0.05).
CONCLUSION: Significant differences exist in protein
levels of certain CYPs in non-malignant esophageal tissue
(e.g. CYP2C8, CYP3A4, CYP3A5, and CYP2E1) between
SCC patients and healthy subjects and may contribute to
the development of SCC in the esophagus.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Worldwide, esophageal cancer is one of the ten most
common cancers [1] with an overall 5-year survival rate
of 3%-10%[2]. Although the entity of adenocarcinoma
is rising[3], the majority of carcinomas of the esophagus
are squamous-cell carcinoma (SCC)[1]. Results of several
epidemiological studies indicate that hot beverage, alcohol
and tobacco are key risk factors for the development of
carcinoma in the esophagus[1,4]. However, despite intense
research[5], the role of xenobiotica-metabolizing enzymes
in the development of esophageal SCC is not fully
understood due to the lack of successful pharmacological
therapies.
Cytochrome P450 (CYP) is a multi-gene superfamily
of heme-containing enzymes catalyzing the oxidative
metabolism of many compounds[6]. CYP families 1, 2,
and 3, which are the main CYP families participating
in the metabolism of xenobiotics, are highly expressed
within the liver. However, several CYPs have been shown
to be also expressed in extrahepatic tissues such as the
esophagus[7]. CYPs not only function in the detoxification
but may also be involved in the activation of potential
(pro-) carcinogens. The alimentary tract is exposed to a
large variety of compounds, including potential (pro-)
carcinogens. Indeed, it has been proposed that extrahepatic
tissue might play an important role in the CYP-mediated
metabolism of xenobiotic compounds and therefore
might affect the susceptibility of certain organs to the
development of malignancies. However, knowledge on
regulation and localization of CYPs outside the liver (i.e.,
the esophagus) is limited and should be clarified.
C Y P s m ay p l ay a c r i t i c a l r o l e n o t o n l y i n t h e
development of SCC in the esophagus but also in the
treatment of SCC. Therefore, the aim of the present
study was to determine mRNA expression and protein
concentrations of representative CYPs (e.g., CYP2C,
CYP2E1, CYP3A4, and CYP3A5) in macroscopically
normal esophageal tissue of patients with untreated
SCC and in disease-free controls. Furthermore, as the
expression of CYPs may be altered throughout the
development of carcinoma, levels of CYPs were also
www.wjgnet.com
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measured in SCC and compared to those determined in
macroscopically normal neighboring esophageal tissue of
the same patients.

MATERIALS AND METHODS
Subjects and tissue specimens
The study was approved by the Ethics Committee of the
Medical Clinic of the University of Cologne, Germany.
Informed consent was obtained from all subjects included
in the study. All subjects underwent endoscopy for medical
screening. Of the 31 subjects enrolled, 21 had an untreated
SCC of the esophagus. Ten subjects with a negative
diagnosis of SCC in the esophagus or malignancies in the
gastrointestinal tract and no history of esophageal SCC
or other malignancies served as controls. Only subjects
without medication known to affect expression of the
investigated CYPs were included in the current study. All
study participants completed a questionnaire concerning
smoking and anthropometrical parameters (Table 1). Using
a standard pinch forceps, two biopsies were obtained from
macroscopically normal esophageal tissue of controls
and patients with SCC. Furthermore, in SCC subjects two
biopsies were taken from carcinoma. Biopsies were placed
immediately in liquid nitrogen, and stored at -80℃ until
analysis. Histopathological analysis of SCC was performed
by an experienced pathologist. Tumor staging was based
on differentiation and varied from poorly differentiated
(G1: n = 2, G1-2: n = 2), moderately differentiated (G2:
n = 8, G2-3: n = 4) to well differentiated (G3: n = 5). In
controls, the absence of SCC, inflammation, and any other
pathological changes of the esophagus were confirmed
endoscopically by an experienced physician.
Isolation of total RNA-protein
Both total RNA and protein were isolated using Trizol
reagent following the instructions of the manufacturer
(Invitrogene, Gaithersburg, MD, USA). Briefly, tissue was
homogenized in Trizol reagent, chloroform was added
and phases were separated into RNA and protein phases.
RNA was precipitated using isopropanol, washed with
ethanol and resuspended in RNAase-free water. Protein
was precipitated using isopropanol and washed three
times in 0.3 mol/L guanidin hydrochlorid in 95% ethanol
solution. The protein pellet was dried, resuspended and the
concentration of protein in each sample was determined
using a commercially available Bradford assay (BioRad,
Munich, Germany).
Reverse transcription and PCR
Using a first-strand cDNA synthesis kit (Invitrogen,
Gaithersburg, MD, USA) cDNA was synthesized
from 200 ng of total RNA. For the amplification
of CYPs the following primer sequences were used:
CYP2C8-19, detecting CYP2C isofor mes 8 to 19:
sense GCTAAAGTCCAGGAAGAGATTGA and
antisense TCCTGCTGAGAAAGGCATGAAGT [8] ;
CYP2E1: sense AGCACAACTCTGAGATATGG and
antisense ATAGTCACTGTACTTGAACT[8]; CYP3A4:
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Table 1 Characteristics of untreated esophageal SCC patients
and controls (mean ± SE)
Parameter

Patients

Controls

n
Age
Sex (Female/Male)
BMI
Cigarette usage (Yes/No)

21
56.7 ± 1.9
7/14
23.8 ± 1.4
10/11

10
51.1 ± 3.5
5/5
25.1 ± 0.6
3/7

P
0.118
0.425
0.370
0.242

BMI: body mass index.

sense CCAAGCTATGCTCTTCACCG and antisense
TCAGGCTCCACTTACGGTGC [9] ; CYP3A5: sense
TGTCCAGCAGAAACTGCAAA and antisense TTGAAGAAGTCCTTGCGTGTC [9] . The PCR reaction
mixture consisted of 0.6 μL of cDNA, 10 × PCR buffer,
200 μmol/L dNTPs (Boehringer, Mannheim, Germany),
BSA (0.25 mg/mL), DMSO (2% v/v), 0.5 μmol/LM of
specific primer and 0.5 U Taq-polymerase (Promega, Madison, WI, USA), and water to a final volume of 10 μL. For
amplification of the four cytochrome P450 cDNAs, PCRconditions were as follows: at 94℃ for 3 s, at 45°C for 3 s,
at 72℃ for 30 s, for 32 cycles. Amplification of histone 3.3
(primer sequences: sense CGTGCTAGCTGGATGTCTT
and antisense CCACTGAACTTCTGATTCGC [10]) was
performed applying the following conditions: at 94℃ for
3 s, at 45℃ for 3 s, and at 72℃ for 30 s, for 30 cycles. All
measurements were carried out at least in duplicate in a
rapid cycler (Idaho Tec., USA) within the linear range of
the reaction. PCR products were separated in a 1.5% agarose gel, stained with ethidium bromide and photographed
using a digital camera from Biometra (Goettingen, Germany). To ensure the success of PCR, human liver cDNA
was used as a positive control. RT-PCR analysis was performed in triplicate, whenever possible. However, in case
of a reduced mRNA availability, measurements were conducted in duplicate.
Immunoblot analysis
Antibodies used for the detection of CYP2E1 and
CYP3A4 were a generous gift of Dr. M. IngelmanSundberg, Karolinska Institute, Stockholm, Sweden.
Primary antibodies for the measurements of CYP2C8 and
CYP3A5 were purchased from Chemicon, Inc. (Frankfurt,
Germany).
On each blot, protein extracted from human liver was
used as standard. Twenty to 30 μg of total protein and
serial dilutions of standard protein (12.5, 25, and 50 μg)
were separated by sodium dodecylsulphate-polyacryamide
gel electrophoresis (SDS-PAGE) and transferred to
nitrocellulose membranes. After blocked in 5% nonfat milk in Tris-buffered saline-Tween 20 (TBST, 0.01%
v/v Tween 20), membranes were probed with dilutions
of primary antibodies in TBS, followed by an incubation
with the secondary antibody. The protein/antibody
complex was visualized by enhanced chemiluminescence
(SuperSignal® West Dura, Pierce, KTM, Bad Godesberg,
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Figure 1 CYP3A5, CYP2E1, CYP3A4, and CYP2C mRNA expression in
esophagus of untreated SCC patients. A: Representative photomicrograph of RTPCR products of untreated esophageal SCC patients (N = normal esophageal
tissue, T = tumor tissue obtained from SCC patients). Measurements were carried
out either in triplicate or in case of reduced mRNA availability in duplicate. Lanes 1,
6: histone 3.3, lanes 2, 7: CYP2C, lanes 3, 8: CYP2E1, lanes 4, 9: CYP3A4, lanes
5, 10: CYP3A5; B: Densitometric analysis of CYP2C, CYP2E1, CYP3A4, and
CYP3A5 mRNA expression in normal esophageal tissue and SCC. Results are
normalized to histone 3.3 expression. Data are means ± SE. aP < 0.05 vs normal
tissue.

Germany). Densitometric analysis was performed using
the software AIDA (Raytest, Isotopenmessgeraete,
Straubenhardt, Germany). Signal intensities of the samples
were adjusted to the intensities of the serially diluted
standards. To ensure equal loading, all blots were stained
with Ponceau red. Haptene signals were normalized to
β-actin using a commercially available antibody (Sigma
Chemical Co., Munich, Germany).
Statistical analysis
Results are presented as means ± SE unless otherwise
indicated. Fisher´s exact test was used to compare
lifestyle data. The Mann-Whitney U-test was used for the
comparison of relative mRNA concentration and protein
levels measured in normal esophageal tissue obtained from
patients with SCC and disease-free controls. Wilcoxon’
s t-test was used for the comparison of relative mRNA
expression and protein concentration measured in normal
esophageal tissue and SCC of the same patient. P < 0.05
was considered statistically significant.

RESULTS
The majority of the 31 patients were of normal weight and
their age ranged from 38-71 years. No differences were

0

N T
CYP2E1

N
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CYP3A4

N

T

CYP3A5

N

T

CYP2C8

Figure 2 Protein levels of CYP2C8, CYP2E1, CYP3A4, and CYP3A5 in
macroscopically normal tissue and SCC patients A: Representative Western
blots of CYP2C8, CYP2E1, CYP3A4, and CYP3A5 in macroscopically normal
esophageal tissue (N) and SCC (T) esophageal SCC patients; B: Quantitative
analysis of blots. Results are normalized to b-actin. Data are means ± SE. aP < 0.05
vs normal tissue.

found in smoking habits between patients and controls
(Table 1).
CYP expression and protein levels in normal esophageal
tissue and untreated esophageal SCC patients
High quality of undeg raded mRNA from nor mal
esophageal tissue and SCC was obtained from 12 out of
21 patients with esophageal SCC. Expression of histone
3.3 mRNA, used as housekeeping gene, was detected
in all samples. The results of RT-PCR measurements
are summarized in Figure 1. In addition to RNA
measurements, protein levels of CYPs were determined
in normal esophageal tissue and in patients with SCC (n =
21) (Figure 2).
CYP2E1: In SCC patients, expression of CYP2E1 did
not differ between normal esophageal tissue and SCC.
Similarly, no differences were found in CYP2E1 protein
levels between normal tissue and SCC.
CYP 3A5: CYP3A5 mRNA expression and CYP3A5
protein levels were comparable in normal esophageal tissue
and SCC.
C Y P 2 ( 8 - 1 9 ) : E x p r e s s i o n o f C Y P 2 C ( 8 - 1 9 ) wa s
significantly lower in tissue obtained from SCC patients
that in normal neighboring esophageal tissue. Specifically,
mRNA expression of CYP2C (8-19) was about 39%
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Figure 3 Expression of CYP2C8, CYP2E1, CYP3A4, and CYP3A5 in
macroscopically normal tissue of SCC patients and controls. A: Representative
photomicrograph of RT-PCR products determined in normal tissue of patients with
untreated esophageal SCC (S) and controls (C). All measurements were carried
out in dupilcate. Lanes 1, 6: histone 3.3, lanes 2, 7: CYP2C, lanes 3, 8: CYP2E1,
lanes 4, 9: CYP3A4, lanes 5, 10: CYP3A5; B: Quantitative analysis of CYP2C,
CYP2E1, CYP3A4, and CYP3A5 mRNA expression in normal esophageal tissue
of SCC patients and controls. Results are normalized to histone 3.3 expression.
Data are means ± SE. aP < 0.05 vs normal tissue.

lower (P < 0.05) in tissue of SCC patients than in normal
tissue. In addition, protein concentration of CYP2C8 was
determined, however no differences were found between
SCC and normal tissue.
CYP3A4: CYP3A4 mRNA expression was significantly
lower in SCC than in normal neighboring esophageal
tissue. Specifically, mRNA expression of CYP3A4 was
about 74 % lower in SCC than in normal tissue (P < 0.05).
Furthermore, protein levels of CYP3A4 were significantly
lower (by about 51%) in SCC than in normal esophageal
tissue (P < 0.05).
Expression and protein levels of CYPs in normal
esophageal tissue of SCC patients and controls
Furthermore, expression of CYP2C, CYP2E1, CYP3A4,
and CYP3A5 mRNA and CYP2C8, CYP2E1, CYP3A4, as
well as CYP3A5 protein concentrations were determined
in normal esophageal tissue of untreated SCC patients
(n = 21) and compared with those in 10 disease-free
controls. Representative agarose gels depicting RT-PCR
measurements and semiquantitative analysis of RT-PCR
are shown in Figure 3. Expression of the housekeeping
gene histone 3.3 was detected in all samples. Results of the
comparisons of protein levels are summarized in Figure 4.
CYP2E1: Expression of CYP2E1 was found to be
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significantly higher by about 43 % in nor mal tissue
obtained from patients with esophageal SCC than in
disease-free controls (P < 0.05). Interestingly, CYP2E1
protein levels were significantly lower in normal tissue
of SCC patients than in esophageal tissue obtained from
disease-free controls (about -46%, P < 0.05).
CYP3A5: Expression of CYP3A5 mRNA in normal
esophageal tissue was about 37 % higher in tissue obtained
from SCC patients than in controls. Similar differences
were found in protein levels, with protein levels of
CYP3A5 being significantly higher by about 2.9-fold in
normal esophageal tissue obtained from patients with
esophageal SCC than in controls (P < 0.05).
CYP2C (8-19): No differences were found in CYP2C
(8-19) mRNA expression between nor mal tissue of
patients with esophageal SCC and controls. CYP2C8
protein levels were about 1.9-fold higher in normal tissue
of SCC patients than in controls (P < 0.05).
CYP3A4: Similar to CYP2C (8-19), mRNA expression did
not differ between normal tissue of patients with SCC and
controls. However, when protein levels of CYP3A4 were
compared between normal tissue of patients with SCC
and controls, CYP3A4 protein concentration was found to
be about 4.8-fold higher in normal tissue of SCC patients
than in controls (P < 0.05).
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Table 2 Correlation between mRNA expression and protein
levels of CYP2E1, CYP3A4, CYP3A5, and CYP2C8 in normal
esophageal tissue and SCC
Spearmen R

P

CYP2E1
CYP3A4
CYP3A5
CYP2C8

-0.09
0.07
0.19
0.07

0.72
0.76
0.41
0.76

Esophageal SCC
CYP2E1
CYP3A4
CYP3A5
CYP2C8

0.02
0.16
0.49
-0.22

0.96
0.65
0.15
0.53

Normal esophageal tissue

Relation of protein levels and mRNA expression of CYPs
in normal esophageal mucosa of SCC patients and
disease-free controls
Since it has been shown before by others and our
g r o u p [11-13] t h a t m R N A e x p r e s s i o n a n d p r o t e i n
concentration of CYP450 are not related in tissues
of some digestive organs (e.g. colon), non-parametric
correlation analysis of mRNA expression and protein
levels for each CYP investigated was performed. Indeed,
no significant correlations were found between mRNA
expression and protein levels in any of the CYPs
investigated (Table 2).

DISCUSSION
Different protein levels of CYPs in normal tissue of
untreated esophageal SCC patients and controls
Esophageal cancer is the third most common
gastrointestinal cancer[1] with the majority of tumors being
SCC[4]. It was reported that interindividual differences in
CYP gene expression may contribute to the interindividual
susceptibility to environmental (pro-) carcinogens
and subsequently the development of malignancies [14].
Despite this hypothesis, only a few extensive studies
have determined mRNA and/or protein expression of
CYPs in esophageal tissue and esophageal carcinoma of
humans, respectively[14-17] and most of these studies did
not distinguish between adenocarcinoma and SCC. The
presence of CYP2C-, CYP2E- and CYP3A- in normal
esophageal tissue and SCC has been shown by others
before [14-17]. However, some of the available data are
contradictory and most studies determined either the
expression or the protein levels in normal esophageal
tissue and SCC. For example, using immunohistochemistry
Murray et al[16] detected CYP3A, CYP1A, and CYP2C9 in
most of the malignant tissue from patients with esophageal
malignancies, but only CYP1A was detected in unaffected
normal tissue of patients. Lechevrel et al [14] detected
CYP3A4/5 and CYP2E1 protein and mRNA in some
patients with adenocarcinoma or SCC in the esophagus.
However, CYPs levels varied considerably between
individuals and only CYP3A5 and CYP2E1 mRNA could
be identified by RT-PCR. In the current study, CYP3A4
protein levels and CYP3A4 and CYP2C mRNA expres-
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sion were found to be significantly lower in SCC than in
its neighboring normal tissue. However, even more important, protein concentrations of CYP3A4, CYP3A5,
and CYP2C8 were significantly higher in non-malignant
esophageal tissue of patients with SCC than in tissues of
healthy controls, while those of CYP2E1 were moderately
reduced. At the level of mRNA expression, only CYP2E1
and CYP3A5 expression differed between groups. This
finding can be considered to be of higher importance in
carcinogenesis of the esophagus, as perpetually modified
metabolism patterns of xenobiotics might result either
in reduced detoxification of carcinogens or in elevated
production of carcinogens from pro-carcinogens. The
latter case might be of special importance due to strikingly
increased amounts of CYP3A4 and CYP3A5 protein in
non-malignant specimens from patients with SCC. These
data suggest that the amount of CYPs might not only vary
extensively between SCC and normal surrounding tissue
but also between patients with SCC and healthy subjects.
However, as in the present study CYP levels were only determined in SCC, it remains to be determined if expression
and protein levels of CPYs are also altered in earlier stages
of the disease (e.g., intraepithelial neoplasia of low and
high grade). Furthermore, protein concentration of some
CYPs (e.g., CYP2E1, CP2C8, CYP3A4, and CYP3A5)
is considerably altered in normal tissue of patients with
SCC compared to control subjects without malignancies.
Hence, significant differences in protein concentration of
these CYPs appear to be present before the development
of malignancies in patients with SCC, suggesting that these
enzymes are likely associated with the development of malignancies in the esophagus.
CYP mRNA is not related to protein levels either in normal
esophageal tissue or in esophageal SCC
It has been suggested that expression of CYPs is not solely
regulated at the level of gene transcription[18]. For instance,
several studies performed in rodents and humans have
reported a dissociation of mRNA expression and protein
levels of CYP2C8 and CYP2E1, CYP3A4 and CYP3A5
in colon, duodenum and kidney, respectively[12,13,18]. Furthermore, in vitro studies performed in rat hepatocytes
indicate that CYP2E1 is regulated by posttranscriptional
ligand-dependent stabilization of the enzyme [19]. Similar mechanisms have been described for CYP3A in rats
and humans[20,21]. Using cultured hepatocytes it also has
been shown that only 60%-70% of mRNAs encoding for
CYP2E1 are translated[22]. Indeed, in the present study, no
correlation was found between protein and mRNA levels,
suggesting that expression of certain CYPs (e.g., CYP2C8,
CYP2E1, CYP3A4, and CYP3A5) in esophageal musoca
might not solely be regulated at the level of transcription.
In conclusion, similar to the findings of others[14-17]
interindividual variability along with a substantial dissociation of mRNA expression pattern and protein levels seems
to be a characteristic of CYP expression. Although it is
difficult to interpret the higher and lower levels of CYPs
found in the present study, continued work focussing on
the CYPs identified to have differential expression in pa-
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tients with SCC is needed to determine their metabolic
implications.
11
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Abstract
AIM: To evaluate the outcome predictors of percutaneous ablation therapy in patients with unresectable
hepatocellular carcinoma (HCC), especially to identify
whether the initial treatment response contributes to the
survival of the patients.
METHODS: The study cohort included 153 patients with
single (102) and two or three (51) HCC nodules 5 cm or
less in maximum diameter. As an initial treatment, 110
patients received radiofrequency ablation and 43 patients
received percutaneous ethanol injection.
RESULTS: The Kaplan-Meier estimates of overall 3- and
5-year survival rates were 75% and 59%, respectively.
The log-rank test revealed statistically significant
differences in the overall survivals according to ChildPugh class (P = 0.0275), tumor size (P = 0.0130), serum
albumin level (P = 0.0060), serum protein induced by
vitamin K absence or antagonist Ⅱ level (P = 0.0486),
and initial treatment response (P = 0.0130). The
independent predictors of survival were serum albumin
level (risk ratio, 3.216; 95% CI, 1.407-7.353; P = 0.0056)
and initial treatment response (risk ratio, 2.474; 95% CI,
1.076-5.692; P = 0.0330) based on the Cox proportional
hazards regression models. The patients had a serum
albumin level 3.5 g/dL and the 3- and 5-year survival
rates of 86% and 82%.
CONCLUSION: In HCC patients treated with
percutaneous ablation therapy, serum albumin level and
initial treatment response are the independent outcome
predictors.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
prevalent human cancers with an increasing incidence
worldwide[1], and about 70% of HCC is found in Asia[2].
Sur veillance with ultrasonography (US) and alphafetoprotein in cirrhosis can detect small HCC at an early
stage. For early stage patients (single HCC ≤ 5 cm or ≤ 3
nodules ≤ 3 cm), surgery is considered the first treatment
option, however, because of accompanying chronic liver
disease, many HCC patients can not undergo surgical
resection [3-5]. As non-surgical treatment, various local
ablation therapies such as percutaneous ethanol injection
(PEI)[6,7] or percutaneous radiofrequency (RF) ablation
have been proposed, and encouraging results of survival
rates have been reported[8-10].
Although many reports of the prognostic predictors
after surgical resection of early stage HCC have been
repor ted [11-13] , there have been few repor ts of the
prognostic predictors after percutaneous ablation therapy.
Sala et al in recent years reported that “Child-Pugh class”
and “initial treatment response” as prognostic factors
of the sur vival in those who received percutaneous
ablation therapy [14]; however, most of the cases (83%)
were treated with PEI. The current state of the main
percutaneous ablation therapy changes from PEI to RF
ablation; therefore, to establish an optimal therapeutic
strategy based on the current state, we started this cohort
study after 2000 when RF ablation was introduced in our
institution.
In this study, we examined a group of HCC patients
whose tumors were percutaneously treated using RF
ablation or PEI and analyzed the factors pertinent to the
prognosis. This approach permits (1) establishment of an
www.wjgnet.com
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optimal protocol in the percutaneous ablation therapy; and
(2) assessment of the prognostic factors in RF ablation
and PEI.

MATERIALS AND METHODS
Patients
Between May 2000 and March 2005, 226 patients were
diagnosed for the first time as having HCC lesions using
US and contrast-enhanced CT and were hospitalized at
Yokohama City University Medical Center. The criteria
for entry in this study were (1) the presence of either a
solitary lesion or up to three lesions, (2) a maximum tumor
diameter of 5 cm or less, (3) patients who did not meet
with the surgical criteria (resection or transplantation), (4)
the lesion was detectable using US, and (5) no evidence
existing of portal thrombosis, extrahepatic metastasis,
or uncontrollable ascites. Seventy-three patients were
excluded from the study and 153 patients were enrolled.
The patients’ characteristics are depicted in Table 1.
Ninety-three of the enrolled patients were men and 60
were women, ranging in age from 51 to 87 years (mean, 69
years). One hundred and thirty-three patients were ChildPugh class A, and 20 patients were Child-Pugh class B.
All had underlying cirrhosis due to hepatitis C virus (n =
134), hepatitis B virus (n = 8), alcohol use (n = 7), or other
factors (n = 4). One hundred and two patients presented
with solitary tumors and 51 patients had 2-3 lesions.
The greatest tumor diameters ≤ 3 cm were seen in 120
patients, and > 3 cm in 33 patients. A confirmed diagnosis
of HCC was made by the pathological examination of
biopsied specimens obtained using a 21-gauge fine needle
(Sonopsy, Hakko, Tokyo, Japan) and/or the radiological
criteria[15] in all patients. Patients with a tumor more than 3
cm in maximum diameter were treated with transcatheter
arterial chemoembolization (TACE) followed by RF
ablation or PEI.
The entire protocol was approved by the hospital
ethics committee and was performed in compliance with
the Helsinki Declaration. Written informed consent was
obtained from all patients and relatives.
Treatment procedures
Percutaneous ethanol injection: Based on the reports
of Llovet et al[16] and Livraghi et al[17], we selected PEI
without selecting RF ablation when a tumor satisfied the
following criteria: (1) existing in a subcapsular location,
(2) existing in a location adjacent to a major vessel and
another organ (heart, gallbladder, stomach and bowel),
and (3) demonstrating poor differentiation. Patients with
impaired clotting tests, or with a lower platelet count less
than 5 × 1010/L were considered as being contraindicated
for RF ablation and were treated by PEI. Ten patients (23%
of patients treated by PEI) with tumors more than 3 cm in
diameter were treated with TACE followed by PEI[18].
We used a real-time convex scanner or linear-array
scanner with 3.5-MHz probes and a lateral attachable
apparatus for needle guidance (Core-Vision 6000 TM ,
Toshiba Medical Co., Tokyo, Japan). First, it was confirmed
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Table 1 Characteristics of patients
All patients
(n = 153)

PEI
(n = 43)

RF ablation
(n = 110)

P

Age (yr)
mean ± SD

69 ± 7

69 ± 7

68 ± 7

NS

Sex
Male/Female

93/60

22/21

71/39

NS

134
8
7
4

38
1
2
2

96
7
5
2

Child-Pugh class
A/B

133/20

37/6

96/14

NS

Tumor size (cm)
≤ 3/> 3

120/33

33/10

87/23

NS

Tumor number
Single/Multiple

Variables

Etiology
HCV
HBV
Alcohol
Others

NS

102/51

19/24

83/27

< 0.05

Serum alpha-fetoprotein
level (ng/mL)
mean ± SD

781 ± 8180

2501 ± 15289

109 ± 282

NS

Serum PIVKA-II
level (ng/mL)
mean ± SD

347 ± 1258

565 ± 1467

262 ± 1169

NS

Serum albumin level
(g/dL)
mean ± SD
Initial treatment
response

3.8 ± 0.5

3.7 ± 0.5

3.8 ± 0.5

NS

Successful/Unsuccessful

125/28

35/8

90/20

NS

RF: radiofrequency; PEI: percutaneous ethanol injection; NS: not significant;
HCV: hepatitis C virus; HBV: hepatitis B virus; PIVKA-Ⅱ: protein induced
vitamin K absence or antagonist Ⅱ.

under US guidance that a 15- or 20-cm, 21-gauge puncture
needle with a closed conical tip and three terminal side
holes (PEIT needle; Hakko, Tokyo, Japan) was correctly
positioned within the lesion, and 99.5% absolute ethyl
alcohol was then slowly injected. Caution was taken to
inject the deepest portions of the lesion first and then
the more central and superficial portions, to prevent
superficial spreading of the ethanol from masking the view
for subsequent injections. We usually used one or more
PEIT needles for each treatment session, and ethanol was
injected into the tumor at one or more locations until the
lesion was completely filled. Treatment was given twice a
week. A treatment series usually consisted of six or more
sessions, and the total dose of ethanol varied with the
volume of the lesion, the texture, patient compliance, and
distribution of the ethanol.
Radiofrequency ablation: We selected the RF ablation
for the cases with low risks of tumor seeding and the
hemorrhage based on the previous reports[16,17,19]. Twentythree patients (21% of patients treated by RF ablation)
with tumors more than 3 cm in diameter were treated with
TACE followed by RF ablation[20].
At the beginning, g rounding was achieved by
attaching 2 or 4 pads to the patient’s thighs. A conscious
sedation, consisting of a combination of intramuscular
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administration of pentazocine (Pentazin TM 15 mg,
Sankyo Pharmaceuticals, Tokyo, Japan) and hydroxyzine
chloride (Atarax-PTM 25 mg, Pfizer Japan, Tokyo, Japan),
was administered before treatment. Local anesthesia
was achieved by injecting 1% lidocaine hydrochloride
(XylocaineTM, Astra Japan, Tokyo, Japan). Sixty-five of
112 patients were treated with hooked, 15-gauge, 25-cmlong electrodes, which are expandable by 10 hooks to a
maximum dimension of 3 or 3.5 cm (Le Veen Needle
Electrode; Radiotherapeutics, Mountain View, CA), and
RF ablation was applied using a generator (RTC 2000;
Boston Scientific Japan, Tokyo, Japan). For the remaining
47 tumors, 17-gauge, cooled electrodes with a dimention
of 2 or 3 cm (Cool-tip needle; Radionics, Burlington, MA)
were used, attached to a 500-kHz RF generator (Radionics,
Burlington, MA) capable of producing power of 200 W. A
peristaltic pump (Watson-Marlow, Wilmington, MA) was
used to infuse 0℃ normal saline solution into the lumen
of the electrodes to maintain the temperature below 25℃.
For tumors more than 2 cm in diameter, several insertions
were performed to obtain complete ablation of the entire
tumors.
Transcatheter arterial chemoembolization: Thirtythree patients with tumors more than 3 cm in diameter
were treated with TACE followed by RF ablation or
PEI. We performed TACE by selectively introducing a
microcatheter into the right or left hepatic artery or a
segmental branch of the hepatic artery and injecting a
mixture of iodized oil (Lipiodol; Andre Guerbet, Aulnaysous-Bois, France) and epirubicin hydrochloride (30-50 mg
per body surface) (Farmorubicin; Pharmacia and Upjohn,
Tokyo, Japan) or styrene maleic acid neocarzinostatin
(1.0-3.0 mg per body surface) (SMANCS; Yamanouchi
Pharmaceutical, Tokyo, Japan). This was followed by
introduction of a gelatin sponge (1 mm × 1 mm × 1 mm)
(Spongel; Yamanouchi Pharmaceutical, Tokyo, Japan).
Evaluation of initial treatment response and follow-up
Initial treatment response was assessed by contrastenhanced CT 1, 3, and 6 mo after initial treatment session.
Successful initial treatment was defined as the absence of
an enhanced area within the tumor assessed by contrast
enhanced CT 6 mo after initial treatment session. If the
presence of residual viable tumor within the treated area
was defined by CT within 6 mo after initial treatment, the
case was judged to be unsuccessful in the initial treatment.
After the evaluation of initial treatment response, patients
were followed up every 3 mo by contrast enhanced CT
and/or US.
When the residual viable tumor and/or distant
r e c u r r e n c e we r e d e t e c t e d by t h e f o l l ow - u p C T,
percutaneous ablation therapy was added if they were
within 3 lesions, and TACE was selected for patients
who were ineligible for percutaneous ablation therapy,
with large and/or multifocal HCC who did not have
vascular invasion or extrahepatic spread[15]. The abovementioned treatment was repeated at once whenever the
tumor recurrence was detected, until uncontrolled ascites
or intravascular tumor thrombus appeared and serum
bilirubin level reached 3 mg/dL or higher.

1005

Statistical analysis
The end point of the study was the survival. The baseline
characteristics of patients were expressed as mean ±
standard deviation. Differences in proportions among
the groups were analyzed by the Chi-square test. Mean
quantitative values were compared by the Student’s t test.
Follow-up data was dealt with from the beginning of the
treatment and was maintained until the death or the last
visit of the patients before April 30, 2006. The KaplanMeier method was used to calculate the survival rate and
the log-rank test was used to analyze differences.
As pretreatment factors, fifteen variables were assessed
in the univariate analysis: age (< 70 vs ≥ 70 years); sex (male
vs female); cause of underlying cirrhosis (HCV vs HBV vs
alcohol vs others); Child-Pugh class (A vs B); tumor size
(≤ 3 cm vs > 3 cm); tumor number (single vs multiple);
serum alpha-fetoprotein levels (<400 vs ≥ 400 ng/mL);
serum protein induced by vitamin K absence or antagonist
Ⅱ (PIVKA-Ⅱ) level (< 300 vs ≥ 300 ng/mL); and
serum albumin level (≤ 3.5 vs > 3.5g/dL); serum alanine
aminotransferase (ALT) level (<80 vs ≥ 80 U/L); serum
bilirubin level (<2 vs ≥ 2 mg/dL); serum platelet count (<9
vs ≥ 9 × 109/L); prothrombin activity (≤ 70 vs > 70%);
encephalopathy (none vs yes); and ascites (none vs yes).
As treatment factors, two variables were assessed in the
univariate analysis: type of treatment (PEI vs RF ablation);
and initial treatment response (successful vs unsuccessful).
Significant variables (P < 0.05) were included in a stepwise
Cox regression analysis. Data analyses were performed
with SPSS software (version 10.0J; SPSS, Tokyo, Japan). All
P values were derived from two-tailed tests and P < 0.05
was accepted as statistically significant.

RESULTS
Treatment response and survival
In general, the percutaneous ablation procedures were well
tolerated in all the patients. Both cardiac and respiratory
parameters remained stable throughout the treatment. The
regimen of conscious sedation and local anesthesia used in
this study was adequate for these ablation methods. None
of the patients experienced bleeding as a result of these
percutaneous ablation techniques.
No local tumor residue was found in 125 of 153 (82%)
patients as assessed by contrast enhanced CT 6 mo after
the initial treatment (defined as successful initial treatment)
(Figure 1). The remaining 28 (18%) patients judged
as having residual viable tumor by contrast enhanced
CT within 6 mo after the initial treatment (defined as
unsuccessful initial treatment), were re-treated by RF
ablation or PEI until no vascularities could be recognized
within the tumor by contrast enhanced CT. With regard
to the type of treatment, successful initial treatment was
obtained in 90 (82%) of 110 patients treated with RF
ablation, and in 35 (81%) of 43 patients treated with PEI,
and no significant difference was observed between the
two types of treatment. After a median follow-up of 34
mo (range, 1-66), the 1-, 3-, and 5-year survival rates were
95%, 75%, and 59%, respectively (Figure 2). At the time
of the analysis, 83 (54%) patients had tumor recurrence
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Initial treatment (153 patients: ≤ 5 cm and ≤ 3 nodules)
RF ablation or PEI (≤ 3 cm)
TACE-RF ablation or TACE-PEI (> 3 cm)

95%

Unsuccessful initial treatment
(28 patients)

Additional treatment (RF ablation or PEI)

Survival rate (%)

80

Follow-up by enhanced CT in 6 mo after the initial treatment

Successful initial treatment
(125 patients)

February 21, 2007

75%

60

59%

40

20

0

0

12

24

36

48

60

t (after initial treatment)/mo
Follow-up by enhanced CT and/or sonography every 3 mo

Recurrence (> 3 nodules)

TACE

Recurrence (≤ 3 nodules)

RF ablation or
PEI

Uncontrolled ascites or
≥ T-Bil 3 mg/dL or
tumor thrombus

BSC

Figure 1 Follow-up chart of overall treatment design.

Table 2 Univariate analysis for factors associated with survival
Variables
Pre-treatment factors
Age (yr)
< 70/≥ 70
Sex
Male/Female
Child-Pugh class
A/B
Tumor size (cm)
≤ 3/> 3
Tumor number
Single/Multiple
Serum alpha-fetoprotein level (ng/mL)
< 400/≥ 400
Serum PIVKA-Ⅱ level (ng/mL)
< 300/≥ 300
Serum albumin level (g/dL)
≤ 3.5/> 3.5
Treatment factors
Type of ablation therapy
RF ablation/PEI
Initial treatment response
Successful/Unsuccessful

Patients

P

74/79

0.0923

93/60

0.7284

133/20

0.0275

120/33

0.0130

102/51

0.6298

142/11

0.0722

133/20

0.0486

50/103

0.0060

110/43

0.9829

125/28

0.0130

RF: radiofrequency; PEI: percutaneous ethanol injection; NS: not significant;
PIVKA-Ⅱ: protein induced vitamin K absence or antagonist Ⅱ.

(incomplete local treatment and/or distant recurrence), 24
patients died and 3 were l lost to follow-up. With regard to
the type of treatment, tumor recurrences were observed in
58 (53%) of 110 patients treated with RF ablation, and in
www.wjgnet.com

Figure 2 Overall probability of survival.

Table 3 Multivariate analysis for factors associated with survival
Variables
Tumor size (cm)
>3
≤3
Serum PIVKA-Ⅱ level (ng/mL)
≥ 300
< 300
Serum albumin level (g/dL)
> 3.5
≤ 3.5
Initial treatment response
Successful
Unsuccessful

Risk ratio (95% CI)

P

1.0
0.459 (0.179-1.174)

0.104

1.0
0.542 (0.191-1.535)

0.249

1.0
3.216 (1.407-7.353)

0.006

1.0
2.474 (1.076-5.692)

0.033

Abbreviations: PIVKA-Ⅱ, protein induced vitamin K absence or antagonist
Ⅱ.

25 (58%) of 43 patients treated with PEI. Death was due
to tumor progression in 18 patients and due to liver failure
in 6 patients.
Factors for survival
In the univariate analysis, 5 variables were associated with
survival (Table 2). Of the pre-treatment factors, ChildPugh classification, tumor size, serum albumin level,
and serum PIVKA-Ⅱ level were found to be significant
predictors of survival. And of the treatment factors,
initial treatment response was found to be a significant
predictor of survival while the type of ablation therapy (RF
ablation vs PEI) was not (P = 0.9829). Multivariate analysis
disclosed two independent predictors: serum albumin
level ≤ 3.5g/dL vs >3.5g/dL (risk ratio 3.216, 95%CI:
1.407-7.353, P = 0.0056) and successful initial treatment
vs unsuccessful initial treatment (risk ratio 2.474, 95%CI:
1.076-5.692, P = 0.0330) (Table 3). When only pretreatment factors were included in the multivariate analysis,
serum albumin level (risk ratio 3.199, 95%CI: 1.405-7.281,
P = 0.0056) was proved to be an independent predictor.
The sole predictive factor for survival in patients with
a serum albumin level > 3.5g/dL proved to be the initial
treatment response; therefore the survival was examined
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Survival rate (%)
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100%

100
80
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Successful initial treatment (n = 82)

60

51%
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P = 0.0014
0
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36

48

60

t (after initial treatment)/mo

B

100

88%

Survival rate (%)

Successful initial treatment (n = 43)

86%

80

68%

60

51%
Unsuccessful initial treatment (n = 7)

40
20

NS
0

Initial treatment
Successful
Unsuccessful
(n = 125)
(n = 28)

51%

Unsuccessful initial treatment (n = 21)

40

0

Table 4 Comparison of clinical background between successful
initial treatment group and unsuccessful initial treatment group

86%

91%

1007

0

12

24

36

48

Sex
Male/Female
Age (yr)
< 70/≥ 70
Etiology
HCV/HBV/Alcohol/Others
Child-Pugh class
A/B
Serum albumin level (g/dL)
≤ 3.5/> 3.5
Tumor size (cm)
≤ 3/> 3
Tumor number
Single/Multiple
Type of ablation therapy
RF ablation/PEI
Serum alpha-fetoprotein level (ng/mL)
< 400/≥ 400
Serum PIVKA-Ⅱ level (ng/mL)
< 300/≥ 300

75/50

18/10

67/58

12/16

108/6/7/4

26/2/0/0

110/15

23/5

43/82

7/21

102/23

18/10a

90/35

12/16a

90/35

20/8

119/6

23/5a

113/12

20/8a

60

t (after initial treatment)/mo

Figure 3 Overall probability of survival according to initial treatment response.
A: In patients with a serum albumin level > 3.5 g/dL; B: In patients with a serum
albumin level ≤ 3.5 g/dL.

in case groups with serum albumin levels > 3.5g/dL (n
= 103) and ≤ 3.5g/dL (n = 50) according to the initial
treatment response. In patients with a serum albumin
level > 3.5g/dL, the 1-, 3-, and 5-year survival rates in
patients who were judged as having had a successful initial
treatment were 100%, 86%, and 83%, respectively (n =
82), and the survival rates in patients who were judged as
having had an unsuccessful initial treatment were 91%,
51%, and 51% at 1-, 3-, and 5-year, respectively (n = 21)
(P = 0.0014) (Figure 3A). On the other hand, in patients
with a serum albumin level ≤ 3.5g/dL, the multivariate
analysis proved no independent predictors for survival.
The survival rates in 43 patients with a successful initial
treatment were 88% and 68% at 1 and 3 years, and in 7
patients with an unsuccessful initial treatment, the survival
rates were 86% and 51% at 1 and 3 years, respectively (P =
0.3813) (Figure 3B).
Initial treatment response was significantly associated
with the tumor number (P = 0.0031), tumor size (P =
0.0441), serum alpha-fetoprotein level (P = 0.0156), and
serum PIVKA-Ⅱ level (P = 0.0071), however it was not
associated with the etiology of underlying cirrhosis, ChildPugh class, and type of ablation therapy (Table 4).

DISCUSSION
In the current study, we examined a group of HCC
patients whose tumors were percutaneously treated
using RF ablation or PEI and analyzed the predictors
that contributed to the prognosis. Multivariate analysis

RF: radiofrequency; PEI: percutaneous ethanol injection; HCV: hepatitis C
virus; HBV: hepatitis B virus; PIVKA-Ⅱ: protein induced vitamin K absence
or antagonist Ⅱ. aP < 0.05 vs the successful initial treatment group.

disclosed two independent predictors: serum albumin level
and initial treatment response. In the cases with a serum
albumin level > 3.5 g/dL, our data consistently showed
that a successful initial treatment was the most predictive
factor for long-term survival.
Examinations of the factor that could contribute to the
long-term survival of patients undergoing percutaneous
ablation therapy, have been reported previously; however,
most of them were evaluations using PEI. Pompili et al
evaluated the therapeutic efficacy of PEI for patients
with Child-Pugh class A and tumors > 5 cm in diameter,
and reported that alpha-fetoprotein level and liver
function were factors which contributed to survival [21].
Ebara et al evaluated the therapeutic efficacy of PEI for
patients with ≤ 3 lesions of small HCC, and found that
alpha-fetoprotein level and liver function were factors
contributed to the suvival[22]. Recently, Sala et al[14] and Xu
e t a l [23] r e p o r t e d t h e p r o g n o s t i c p r e d i c t o r s a f t e r
percutaneous ablation therapies. However, most of the
cases were treated with PEI in the former study[14], and
in the latter study[23], 63% of treated cases were recurrent
HCC and the selection for ablation procedures (microwave
vs RF ablation) was not fully clarified. To establish an
optimal therapeutic protocol after the introduction of RF
ablation, we started this cohort study after 2000 when RF
ablation was introduced in our institution. In this study,
72% of the patients were treated with RF ablation, and this
may reflect the current state of the available percutaneous
ablation procedures.
In our study, the serum albumin level was shown as
the most important pre-treatment predictor for survival.
Hepatic functional reserve as indicated by the serum
albumin level has generally been identified to be a good
www.wjgnet.com
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prognostic factor for survival. The serum albumin level
has been shown to be one of the prognostic factors in
HCC patients treated with hepatic resection[24] and PEI[25].
Ikeda et al reported that the serum albumin level was one
of the independent factors associated with the carcinogens
in HCV positive viral hepatitis[26]. In this study, 88% of
patients had hepatitis C virus infection; therefore, the
serum albumin level is selected as a significant factor that
may provide for the recurrence of HCC after successful
percutaneous local ablation therapy.
Furthermore, initial treatment response was shown as a
second significant predictor for survival. Sala et al recently
reported that initial treatment response was an outcome
predictor of the survival after ablation therapy and initial
complete tumor necrosis should be considered a relevant
therapeutic target irrespective of tumor size and liver
function[14]. In the present study, the impact of extensive
tumor necrosis on survival has been observed in patients
with good liver functional reserve (serum albumin level >
3.5 g/dL); however, it was not found in patients with poor
liver functional reserve (serum albumin level ≤ 3.5 g/dL).
Therefore, in patients with poor liver function reserve,
optimal selection of patients as candidates for ablation
therapies and of the appropriate therapeutic schedule for
each single patient to control the tumor growth, avoiding a
clinically significant worsening of liver function, is essential
to obtain an improvement in survival.
Treatment response was generally judged by CT at one
month after the treatment based on the WHO criteria[15],
however in this study, the initial treatment response was
judged by CT at 6 mo after the initial treatment. This
difference of the surveillance after the initial treatment
may be explained as follows. First, 22% of our patients
underwent TACE prior to ablation therapy, so it was
difficult to achieve a detailed evaluation of treatment
response with CT because of dense lipiodol accumulation
in the treated area[27]. Second, 72% of the patients received
RF ablation therapy, resulting in an inflammatory increased
vascular flow rim of the outline of the ablated zone for
about one month following treatment, which can disturb
the evaluation of the local treatment by contrast-enhanced
CT[28].
In this study, alpha-fetoprotein level, PIVKA-Ⅱ level,
tumor size, and tumor number were significant factors
for the initial treatment response by univariate analysis.
Although there are few reports which have examined
the factors for initial treatment response following
percutaneous ablation therapy, there are several reports
as to what contributes to local recurrence when RF
ablation is selected. Lencioni et al showed that tumor size
and type of ablation therapy were the factors for local
recurrence-free survival in those cases treated with RF
ablation and PEI[29]. Lin et al reported that tumor number,
tumor size, histopathological (Edmondson’s) grade, and
type of ablation therapy were significant factors of local
recurrence[30].
In summary, we demonstrated that the best candidates
for percutaneous ablation therapy are those patients
who have good hepatic functional reserve and can be
expected to achieve successful initial treatment. Attempts
to fully ablate large tumors (3-5 cm in diameter) are
www.wjgnet.com
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achieved successfully by the combined use of TACE,
however, further studies are needed to clarify whether or
not the combined use of TACE in RF ablation will be a
therapeutic option to achieve complete tumor necrosis for
the treatment of large HCC tumors.
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in HCC. Rab23 may be both a HCC predictor and a target
for treating HCC.

Abstract

INTRODUCTION

AIM: To elucidate the role of Rab23 in hepatocellular
carcinoma (HCC) by assessing the expression of Rab23
in HCC tissue and in HCC cell lines.
METHODS: Primary tumors (n = 100) were stained
with Rab23 antibodies using immunohistochemistry and
in situ hybridization in tissue microarrays. Relationships
between gene expression and pathology parameters
were analysed. The biological significance of Rab23
in Hep-3B cells was examined by knocking down
Rab23 gene expression. We designed a pair of doublestranded RNAs against human rab23 and transfected
siRNA into Hep-3B cells. Rab23 expression in these cells
was examined using RT-PCR and Western blots. We
investigated cell growth by MTT assays and fluorescenceactivated cell sorting.
RESULTS: High cytoplasmic and nuclear expression of
Rab23 was found in 38 of 71 (53.5%) and in 49 of 68
HCC patients (72%) respectively, which correlated with
tumor size. HCC cell lines expressed Rab23. In Hep3B
cells, siRNA for Rab23 decreased Rab23 mRNA by 4.5-fold
and protein expression by 2-fold. Survival rates at 24 and
48 h for Hep-3B cells transfected with siRNA were lower
and about 30% Hep-3B cells were apoptotic. Knocking
down rab23 suppressed Hep3B cell growth, suggesting
that rab23 could play an important role in Hep3B cell
growth.
CONCLUSION: Rab23 is overexpressed and/or activated
www.wjgnet.com
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Hepatocellular carcinoma (HCC) is the most frequent
primary malignant tumor of the liver. HCC is the third
leading global cause of cancer-related death. Over 54% of
HCC cases occur in China. Hepatitis B virus is a common
causal agent of liver cancer, and other factors have
also been found. However, the molecular mechanisms
contributing to tumor progression to HCC remain
unknown[1].
In recent years, targeted therapies for a variety of HCCs
have achieved clinically significant response rates and
have given oncologists the chance to develop individualbased strategies for patient therapy. One rationale for such
therapeutic approaches is to detect target molecules in the
tumor. There is a growing list of such target molecules,
the levels of which are now routinely estimated by IHC
staining in biopsy specimens or surgically removing tumor
material. Such assays not only generate important data
for therapeutic decisions, but also provide information
relevant to the prognosis of patients[2].
An example is targeting of the hedgehog (Hh) pathway.
Dysregulation of this pathway has been implicated in the
genesis of cancers from multiple tissue types[3]. Moreover,
from embryogenesis to adulthood, skin and gastrointestinal
progenitors are regulated by Hh signaling [4-6] . This
pathway is activated when sonic hedgehog (SHH) or
Indian hedgehog (IHH) ligands bind to their receptor,
patched (PTC). When unoccupied by ligand, PTC is a
tumor suppressor that binds to and represses smoothened
(SMO)[7], preventing the SMO proto-oncoprotein from
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activating downstream transcription factors, such as GLi1.
Conversely, when ligand binds to PTC, SMO is released
and GLi1 is activated, resulting in the transcription of
target genes including PTC and Gli1[7]. Hh signaling is now
known to play a critical role in the gastrointestinal tract in
both health and disease. Most recently, two research groups
have simultaneously reported abnormal activation of the
SHH pathway in HCC[8,9]. Although the investigators paid
much attention to the relationships between hedgehog
signaling and HCC, little is known about this pathway in
carcinogenesis.
One regulator of SHH signaling is Rab23. In 1994,
the full-length cDNA encoding Rab23, a novel Rasrelated small GTPase, was isolated using the sequence
of a previously described GTPases[10]. Northern analysis
revealed that Rab23 mRNA is predominantly expressed
in the brain, which places the protein together with Rab3a
and Rab15, in the group of small GTPases characteristic
of the nervous system[11]. Rab23, a new member of the
RAB family expressed in retina, is composed of 7 exons
spanning a 34 kb domain of genomic DNA. It is located
in the pericentromeric region of chromosome 6 between
microsatellite markers D6S257 and D6S1659, within the
critical region of RP25 [12] and localized at the plasma
membrane and the endocytic pathway [12,13]. Rab23 is a
negative regulator of SHH[13,14]. It acts on upstream of
Gli transcription factors in patterning neural cell types
in the spinal cord. The primary target of Rab23 is the
Gli2 activator. Rab23 and Gli3 repressors have additive
effects on patterning. Analysis of Gli3 protein suggests
that Rab23 also has a role in promoting the production
of Gli3 repressor. Although the patched and smoothened
membrane proteins can change subcellular location in
response to SHH, analysis demonstrates that Rab23
does not work through either patched or smoothened
membrane protein. Instead, Rab23 appears to regulate
subcellular localization of essential components of the
hedgehog pathway that act both on downstream of
smoothened and on upstream of Gli proteins[15].
Until now there have no re por ts about Rab23
expression in HCC or even in other human tumors. Since
Rab23 is a negative regulator of SHH signaling which can
induce malignant carcinoma, dysregulation of Rab23 also
may result in HCC. If it is true, we may be able to find a
new target for diagnosis and treatment of HCC. In the
present study, we evaluated the hypothesis that increases in
Rab23 signaling induce hepatocarcinogenesis by regulating
Hh signaling in HCC tissues.

MATERIALS AND METHODS
Overall experimental design
We compared Rab23 expression in non-neoplastic and
malignant human livers by IHC and in situ hybridization
using tissue microarrays. Furthermore, since it has been
confirmed that there is hedgehog signaling in Hep-3B
cells[8,9], we examined the biological significance of the
Rab23 gene in Hep-3B cells by knocking down Rab23
gene expression. To identify a possible role of Rab23
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Figure 1 In situ hybridization using tissue microarrays.

in HCC, we designed a pair of double-stranded RNAs
(dsRNAs) against human Rab23, and transfected siRNAs
into Hep-3B cells. We examined Rab23 expression in these
cells using RT-PCR and Western blots. We investigated
cell growth by MTT assays and fluorescence-activated cell
sorting.
Patient material
HCC samples from 100 patients were used in this study.
All of them were from Sun Yat-Sen University (Guangzhou,
China) and selected over a 4-year period (1993-1997).
Twenty-five tumor adjacent liver tissue samples were also
used. None of the patients received chemotherapy or
radiation therapy. Each specimen was fixed in alcoholic
formalin for 8-12 h and embedded in paraffin.
Construction of tissue microarray
A hundred archived formalin-fixed and paraffin-embedded
anonymous, representative specimens of HCC were
also assessed. Non-necrotic areas in tumor for coring
into a tissue microarray (TMA) were marked using an
indelible pen on a hematoxylin and eosin (HE) stained
whole section from donor blocks. TMAs were assembled
from formalin-fixed and paraffin-embedded tumor tissue
samples as previously described[16] by using a precision
instrument (Beecher Instruments, Silver Spring, MD).
Cores (600 μ m in diameter) were randomly arrayed in
triplicate across the recipient block with asymmetrical
placement for orientation. TMA coordinates and
clinicopathological data were stored for reference. TMA
slides were sectioned and mounted on Superfrost®/Plus
microscope slides as 6-μm sections (Figure 1).
Hematoxylin and eosin (H&E) stained TMA sections were
used as morphological references.
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Immunohistochemistry
Paraffin-embedded tissue sections were deparaffinized.
Slides from each case were exposed to affinity purified
rabbit anti-Rab23 primary antibody (BD Biosciences,
San Jose, CA, USA) and diluted in PBS for 2 h at room
temperature. Detection was carried out using Elivision TM
Plus Polymer HRP (Mouse/Rabbit) immunohistochemistry
kits (Maixin.Bio, Fuzhou,China). Location of peroxidase
w a s v i s u a l i z e d w i t h d i a m i n o b e n z i d i o n e ( DA B ) .
Hematoxylin was used for counterstaining. Sections were
thoroughly washed with PBS between steps. Negative
controls (absence of primary antibody) were run for each
experiment. We defined a positive sample as one in which
more than one third of one tissue chip was stained brown.
In situ hybridization
In situ hybridization was perfor med according to
the manufacturer’s instr uctions (Roche Molecular
Biochemicals, Mannheim, Germany) and the published
in situ hybridization protocol [17,18]. Sense and antisense
probes were obtained by T3 or T7 in vitro transcription
using a DIG RNA labeling kit from Roche (Mannheim,
Germany). Rab23 (AY585189) was cloned into BamH1
of pBluescriptSK+. Tissue sections (8- μ m thick)
were mounted onto poly-L-lysine slides. Following
deparaffinization, tissue sections were rehydrated in a
series of ethanol dilutions. To enhance the signal and
facilitate probe penetration, sections were immersed
in 0.3% Triton X-100 solution for 15 min at room
temperature and in proteinase K solution (20 μ g/mL)
for 20 min at 37℃, respectively. Sections were incubated
with 4% (w/v) paraformaldehyde/phosphate-buffered
saline (PBS) for 5 min at 4℃. After washed with PBS,
slides were incubated with prehybridization solution
(50% formamide, 50% 4 × SSC) for 2 h at 37℃. Probe
was added to each tissue section at a concentration of
1 μg/mL and hybridized overnight at 42℃. After high
stringency washing, the sections were incubated with an
alkaline phosphatase-conjugated sheep anti-digoxigenin
antibody, which catalyzes a color reaction with nitro-bluetetrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate
(BCIP) substrate (Roche, Mannheim, Germany). A blue
color indicated strong hybridization.
Culture of Hep-3B cell line
Hep-3B cells kindly donated by Professor Shi-Gang Xiong
(Department of Pathology, Keck School of Medicine,
University of Southern California, USA.), were cultured
in Dulbecco’s minimal essential medium (DMEM; Gibco
BRL, Gaithersburg, MD, USA) supplemented with 10%
fetal bovine serum (FBS; Bio-Whittaker, Walkersville,
MD, USA), 100 IU/mL penicillin, and 100 μ g/mL
streptomycin. Cultures were incubated at 37℃ in a
humidified atmosphere containing 50 mL/L CO 2, and
the medium was changed twice a week. Cell viability was
tested by trypan blue exclusion. All experiments were
performed with Hep-3B cells from passages 6-15, which
were exposed to serum-free culture medium containing
0.1% bovine serum albumin for 24 h.
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Figure 2 Rab23 gene silencing in Hep-3B cells. Green fluorescence could be
detected in siRNA-transfected Hep-3B cells (negative control group).

Rab23 gene silencing in Hep-3B cells
Hep-3B cells were harvested by trypsinization and seeded
24 h prior to transfection, on 6-well plates at a density of
300 000 cells/well in 2 mL DMEM with 10% FBS. When
the Hep-3B cells were at 90%-95% confluence, the culture
medium was replaced with 1 mL of DMEM with or
without 10% FBS. Following an overnight incubation, cells
received 1 mL of complete medium and were incubated
until 72 h post transfection.
According to the design principle of siRNA[19-21], short
interfering RNA for Rab23 and negative control siRNA
were designed. The target gene sequence of Rab23 is 5`-3`
CCA GAA CTA ACG CAT TCA TCA A. The siRNA
sequence (siRNA Duplex) is CCA GAA CUA ACG CAU
UCA A dT dA dAdT GGU CUU GAU UGC GUA AGU
U. The sequence of negative control siRNA is: sense
5`-UUC UCC GAA CGU GUC ACG UTT-3`, Anti-sense
5`-ACG UGA CAC GUU CGG AGA ATT-3`. Short
interfering RNAs (siRNAs) for Rab23 were purchased
from Guangzhou Ribobio CO., Ltd (Guangzhou, China)
and negative control siRNAs were purchased from
Shanghai GenePhar ma Co., Ltd (Shanghai, China).
Double-strand RNA (final concentration of 50 and 100
nmol/L) in OPTI-MEM (80 μL) and oligofectamine (4
μL) in OPTI-MEM (15 μL) were mixed and allowed to
stand at room temperature for 20 min according to the
manufacturer’s directions (Invitrogen, Carlsbad, USA).
The mixture was added directly into a culture of Hep-3B
cells (1 × 105/mL) in OPTI-MEM (0.4 mL). After 24 h,
the consequences of transfection were watched through
fluorescence of the cells (Figure 2). Transfection efficiency
was normalized by monitoring luciferase activity from
total cell lysates using the firefly luciferase (FLuc) assay
kit (Promega, madison, USA). Cells were analyzed after
12 h by MTT assay. After 48 h they were analyzed by
fluorescence-activated cell sorting, Western blots and RTPCR . All experiments were performed in triplicate.
RNA isolation and two-step real-time RT-PCR
Two-step real-time RT-PCR was performed to compare
the expression of Rab23 in normal liver tissue samples
and Hep-3B cell lines. Total RNA was extracted using
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TRIzol reagent (Sigma) according to the manufacturer’s
instr uctions. Reverse transcription with oligo (dT)
priming was used to generate cDNAs from total RNA
(2 μg) extracts. The synthesized cDNAs for Rab23 and
β -actin were amplified using specific sets of primers.
Optimal oligonucleotide primers were designed using
Beacon Designer 2.0 software (MWG Biotech, High
Point, NC). The primers used to amplify human Rab23
were synthesized according to the following sequences:
forward primer: 5′ GTA GTA GCC GAA GTG GGA 3′,
reverse primer: 5′ CCT TTG TTT GTT GGGTCT C 3′
according to ABO34244 in the gene bank. β-actin primer
was designed based on published cDNA sequences:
forward primer 5′TCA TCA CCA TTG GCA ATG AG3′,
reverse primer 5′ CAC TGT GTT GGC GTA CAG GT
3′. Each PCR mixture contained the appropriate set of
forward and reverse primers (0.2 μmol/L), each dNTP at
0.25 mmol/L, 1.25 U Taq polymerase, and 2.5 mmol/L
MgCl2 in a PCR buffer. The PCR procedure consisted of
28 cycles of denaturation at 95℃ for 1 min, annealing
at 58℃ for 1 min, and extension at 72℃ for 1 min, with
initial denaturation of sample cDNA at 95℃ for 3 min
and an additional extension period of 10 min after the last
cycle. The PCR products were subjected to 1.5% agarose
gel electrophoresis stained with ethidium bromide and
quantitated by densitometry using an Image Master VDS
system and associated software (Pharmacia, USA).
Protein extraction and Western blotting
Cells were washed with cold PBS and lysed by the addition
of a lysis buffer containing 1% Nonidet P-40, 50 mmol/L
Tris (pH 7.5), 150 mmol/L NaCl, 0.1% SDS, and protease
inhibitor cocktail (Boehringer Mannhein, Lewes, U.K.)
for 20 min at 4℃. Insoluble materials were removed by
centrifugation at 15 000 r/min for 15 min at 4℃. The
supernatant was saved and the protein concentration
was determined using a Bio-Rad protein assay kit (BioRad, Hercules, CA). Cell extracts (50 μ g/lane) were
separated via 10% gel electrophoresis and electroblotted
onto PVDF membranes. Nonspecific binding sites were
blocked by incubating nitrocellulose sheets for 1 h in
phosphate-buffered saline containing 5% low-fat dry
milk. Membranes were probed with primary antibodies
overnight at 4℃, followed by a secondary horseradish
peroxidase-conjugated second antibody. Blots were
developed using an enhanced chemiluminescence detection
system (ECL, Amersham Pharmacia Biotech) according to
the manufacturer’s instructions.
MTT assay
The cell proliferation and viability were determined by
MTT assay as previously described[18]. Briefly, cells (5 × 103
cells per well) were seeded in 96-well microtiter plates
(Nunc, Denmark). After different treatments for 12 , 24 ,
48 h or 72 h, an aliquot (50 μL) of MTT (Sigma) solution
(2 mg/mL in PBS) was added to each well and the plates
were incubated for an additional 4 h at 37℃. MTT solution
in medium was aspirated off. To achieve solubilization
of the formazan crystal formed in viable cells, 150 μL
DMSO was added to each well. The absorbance was read
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at 490 nm on a Dias automatic microwell plate reader with
DMSO as the blank.
Fluorescence-activated cell sorting
After treatment for 48 h, cells were washed with cold
sterile phosphate-buffered saline (PBS), and harvested
in 70% cold alcohol solution for immediate analysis in
a Becton Dickinson FACScan flow cytometer (Becton
Dickinson, San Jose, CA). Data were acquired and
analyzed using CellQuest software (BD Biosciences). The
flow cytometer was calibrated daily with CaliBRITE 3
(BD biosciences) for fluorescence sensitivity and spectral
overlap.
Statistical analysis
For immunohistochemistry and in situ hybridization results,
Fisher’s exact test or a binomial proportion analysis was
used. P < 0.05 was considered statistically significant.
Results of RT-PCR, Western blotting and MTT assays
were expressed as mean ± SE of at least three separate
experiments. Results were analyzed by one-way analysis of
variance (ANOVA) followed by the Student-NeumannKeuls test. Again, differences with P values of < 0.05 were
considered statistically significant.

RESULTS
Expression of Rab23 in normal liver tissues and HCCs by
immunohistochemistry
The expression of Rab23 in normal liver tissues has not
been reported. Slight or no membranous staining of Rab23
in normal liver tissue was detected in our study. There was
also no cytoplasmic or nuclear staining of Rab23 in normal
liver tissues (Figure 3A). Conversely, expression of Rab23
was found in HCCs, and the expression rate was 53.5%
(38 of 71 samples were positive, Table 1). Most samples
expressed Rab23 in nuclei of HCC cells (Figure 3B and C).
The results of expression of Rab23 correlated with tumor
size (P < 0.01, Table 1), suggesting that Rab23 might be a
useful prognostic indicator in HCC .
Expression of Rab23 in normal liver tissue and HCCs by in
situ hybridization
No expression of Rab23 could be detected by in situ
hybridization in five normal liver tissue samples (Figure
3D). To confirm this result, we also checked the transcripts
by RT-PCR, and got the same result (data not shown).
To assess the frequency of Rab23 activation in HCC,
we examined its expression in tissue samples derived from
100 different HCC cases (Table 1). We found positive
staining for Rab23 in 38 of 71 (72%) HCC cases (Figure
3E and F). Further analyses again showed that activation
of Rab23 correlated with tumor size (P < 0.01, Table 1).
Low expression of Rab23 in Hep-3B cell line when it was
silenced by siRNA
Hep-3B cells were divided into three groups: a transfected
group, a blank control group, and a negative control group.
After 24 h of treatment with siRNA, Hep-3B cells were
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Figure 3 Expression of Rab23 in normal liver tissues and HCCs as seen by immunohistochemistry (A-C) and in situ hybridization (D-F).

Table 1 Expression of Rab23 in HCC (in-situ hybridization and
immunohistochemistry)
In-situ hybridization
Pos
Normal		

Neg

P

Iimmunohistochemistry
Pos

Neg

0

5

18

0

18

33

48

19

0

5

Paracarcinoma

0

HCC		
Tumor
Differentiation
Well		

38

Mod and poor
Metastasis
Yes		

34

No		
Tumor size
Small		

29

Large		
Age
≥ 50 yr		

35
14

10

15

9

< 50 yr		
Sex
Male		

24

23 0.5613

33

10

29

26

Female		
HBsAg
Pos		

9

4

9

3

34

Neg		
AFP
≥ 20 mg/L		

4
26

< 20 mg/L		

12

3
30 0.3028
5

6

1

42

18

10

4

38

15

11

  4

13

22 0.0072

35

15

28 0.2663

7 0.8036
31
2 0.2721
24
9 0.6917

44

15

   4

4

46

17

  2

2

35

12

13

7

P

2		

3

4

1500 bp
1000 bp
500 bp

100 bp

0.2681

Figure 4 Electrophoresis of the RT-PCR products of Rab23 mRNA in Hep-3B
cells after being silenced by siRNA. Lane 1: marker 1500; Lane 2: blank control
group; Lane 3: transfection group; Lane 4: negative control group.

0.2591

0.001

0.2149

harvested and total RNA was extracted. RT-PCR was
done as described previously[18]. The expression levels in
the transfected group decreased almost 4.5 fold compared
with the blank control group. There was no statistical
significance between the blank control group and the
negative control group (Figure 4,Figure 5, Figure 6).

0.1156

0.2517

0.4314

Statistical analysis was performed by Fisher’s exact test or Binomial
proportions analysis. A P value < 0.05 was considered statistically significant.
Pos: positive signal; Neg: Negative signal; Well: Well-differentiated tumors;
Mod-poor: Moderately to poorly differentiated tumors.
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Expression of Rab23 protein in Hep-3B cells decreased
when it was silenced by siRNA
We used the same method for preparing Hep-3B cells for
Western blots as for preparing cells for RT-PCR. After 24
h of treatment, Hep-3B cells were harvested and protein
was extracted. Western blots were run according to a
protocol described previously[22]. The expression levels
in the transfected group decreased to almost half the
level of the blank control group. There was no statistical
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Figure 6 Electrophoresis of the RT-PCR products of Rab23 mRNA in Hep3B cells after being silenced by siRNA. Lane 1: blank control group; Lane 2:
transfection group; Lane 3: negative control group. aP < 0.05 vs control.

Figure 5 Electrophoresis of the RT-PCR products of β-actin mRNA in Hep-3B
cells. Lane 1: marker 1500; Lane 2: blank control group; Lane 3: transfection
group; Lane4: negative control group.

2

Rab23 protein change

1

3

Rab23
b-actin

Figure 7 Western blot results for Rab23 in Hep-3B cells after being silenced by
siRNA. Lane 1: blank control group; Lane 2: transfection group; Lane 3: negative
control group.
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a
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0

1		

2		
Group

3

Figure 8 Western blot result for Rab23 in Hep-3B cells after being silenced by
siRNA. Lane 1: blank control group; Lane 2: transfection group; Lane 3: negative
control group. aP < 0.05 vs control.

Transfection

0

250

Negative control
Cell viability (%)

200

Apoptosis rate of Hep-3B cells increased after the Rab23
gene was silenced by siRNA
Forty-eight hours after siRNA treatment, Hep-3B
cells were tested by fluorescence- activated cell sorting.
Apoptosis skewness was seen in the transfected group. The
apoptotic rate of Hep-3B was 30% in the blank control
group but 0% in the negative control groups (Figure 10).

Blank control
150

100

50
0

12

24

48

72

t /h

Figure 9 The results of MTT assays. At 48 h and 72 h, growth of Hep-3B cells
was inhibited after being interferenced by siRNA against Rab23 gene. the survival
rate of the transfection group decreased compared with controls. P < 0.01 vs
control group. Again, there was no significant difference between blank and
negative control groups, P > 0.05.

significance between the blank control group and the
negative control group (Figure 7, Figure 8).
Viability of Hep-3B cells decreased after being transfected
Here we determined whether inhibition of the expression
of Rab23 in Hep-3B cells also inhibits the proliferation
of these cells by MTT assay. Forty-eight hours and 72 h
after adding siRNA, the survival rate of the transfected
group decreased compared with controls (P < 0.05, Figure
9). Again, there was no significant difference between the
blank and negative control groups.

DISCUSSION
The worldwide incidence of liver cancer is expected to
rise over the next decade. This is serious because the
prevalence and mortality rate of HCC are rather high at
present[23]. Furthermore, the mechanisms underlying the
initiation and progression of HCC remain elusive. One
candidate mechanism involves the hedgehog (Hh) pathway.
Dysregulation of this pathway has been implicated in
the genesis of several kinds of cancer derived from
multiple tissue types[3], including HCC[8,9]. One aspect of
Hh signaling is negative regulation of this pathway by
Rab23[13,15]. Rab23 acts on upstream of Gli transcription
factors in patterning neural cell types in the spinal cord.
The primary target of Rab23 is the Gli2 activator. Rab23
and Gli3 repressor have additive effects on pattering.
Analysis of the Gli3 protein suggests that Rab23 also
has a role in promoting the expression of Gli3 repressor.
Although the membrane proteins patched and smoothened
can change subcellular location in response to SHH,
analysis demonstrates that Rab23 does not work through
either patched or smoothened. Instead, Rab23 appears to
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which Rab23 was silenced by siRNA, which inhibited
cell proliferation and increased apoptosis. Further studies
are now needed to identify the mechanisms by which
Rab23 expression might contribute to dysregulation of
SHH signaling and HCC tumorigenesis. Rab23 plays an
important role in tumorigenesis of HCC and other human
tumors. Also, Rab23 may be a new biological target for
prognosis and treatment of HCC.
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Abstract
AIM: To detect the expression of fragile histidine triad
(FHIT) in normal colorectal tissue, colorectal adenoma
and colorectal cancer (CRC) tissue, and to analyze its
relationship with the clinicopathological features of CRC,
and apoptosis-associated proteins (Bcl-2, Bax, survivin)
and apoptosis in colorectal cancer.
METHODS: FHIT mRNA analysis was performed
by nested reverse transcription-polymerase chain
reaction (RT-PCR) assay. Tissue microarray (TMA) was
established to detect the expression of FHIT, Bcl-2,
Bax and survivin genes in 80 CRC tissue specimens, 16
colorectal adenoma tissue specimens and 16 hemorrhoid
(PPH) tissue specimens during the same period of
time as the control. Citrate-microwave-SP was used as
immunohistochemical method. The relationship between
clinicopathological factors, such as differentiation grades
and 5-year survival rate was observed. TUNEL assay
was used to detect the apoptosis index in 80 CRC tissue
specimens.
RESULTS: Ten out of 26 (38.5%) CRC tissue specimens
expressed aberrant FHIT transcripts, none of the
aberrant FHIT transcripts was observed in the matched
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normal tissue and colorectal adenoma tissue by nested
RT-PCR assay. The positive rate of FHIT gene expression
in normal colorectal tissue, colorectal adenoma and
carcinoma tissue was 93.75%, 68.75% and 46.25%,
respectively. Clinicopathological analysis of patients
showed that the decreased FHIT gene expression was
not associated with age, sex, serum CEA levels, tumor
site and size, histological classification. However, the
expression of FHIT was correlated with differentiation
grades, pathological stages, lymph node metastases
and 5-year survival rate after operation. The positive
rate of apoptosis-associated proteins (Bax, Bcl-2 and
survivin) in CRC tissue was 72.50%, 51.25% and
77.50%, respectively. The expression of these apoptosisassociated proteins in CRC tissue was correlated with the
expression of FHIT. The mean apoptosis index in FHIT
negative tumors was significantly lower than that in FHIT
positive tumors (5.41 ± 0.23 vs 0.56 ± 0.10, P < 0.01).
CONCLUSION: The FHIT gene plays an important
role in the regulation of apoptosis and decreased
FHIT expression plays a key role in the initiation and
progression of colorectal carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is the second leading cause of death
in the United States, where the cumulative lifetime risk
of developing colorectal cancer in both men and women
is 6%[1]. In China, colorectal cancer is the fourth leading
cause of death[2].
The fragile histidine triad (FHIT) gene, is a tumor
suppressor gene located at the fragile site FRA3B on
chromosome 3p14.2 that can be identified by positional
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cloning, a region of the g enome showing loss of
heterozygosity (LOH) in a variety of cancers[3,4]. FHIT
is involved in carcinogenesis of many human tissues,
including digestive tract tissue. The FHIT gene contains
an open reading frame (ORF) of 444 base pairs (bps)
encoding a protein of 147 amino acids, which appears to
be ubiquitously expressed in human tissues. Large deletions
within FHIT transcripts occur frequently in multiple
malignancies[5,6]. Most of the deletions described to date in
the FHIT gene involve loss of one or more coding exons
and lead to a truncated protein[6]. Loss of FHIT protein
expression and abnormal FHIT transcripts, including
deletions and insertions of exons, have been found in lung
and breast cancers, as well as in head and neck cancers[7-11].
Ohta et al[3] reported that aberrant transcripts of the FHIT
gene have been observed in 38% of CRC cases. It was also
reported that the FHIT gene plays an important role in
both oncogenesis and progression of CRC[12-14]. However,
Thiagalingam et al[15] showed that there is no evidence that
the FHIT gene is involved in CRC carcinogenesis. The
clinicopathological significance of FHIT alterations in
CRC still remains unclear.
The role of FHIT expression in the development of
colorectal cancer (CRC) is poorly understood. Recently,
tissue microarray (TMA) technique has been developed,
which can significantly increase the throughput of
immunohistochemistry (IHC) tumor analysis. TMA is
composed of a large number of small tissue cores punched
out from different tumors. These tissue core specimens
obtained from tissue blocks, are then arranged into a
single recipient paraffin block[16]. This approach allows
analysis of a large number of different tumor samples in
one IHC experiment. Arrays as large as 1000 samples have
been reported[17]. TMA can be used to test the prognostic
significance of antibodies against proteins encoded by
differentially expressed genes using a large number of
archival patient samples. Decreased p53 expression is
correlated with lymph node metastasis in CRC[18]. In our
present study, an expanded repertoire of TMA technique
was used to demonstrate the novel relationship between
FHIT expression and clinicopathological factors, such as
differentiation, pathological stages, lymph node metastasis
and 5-year survival rate.
The presence of FHIT gene mutations correlates
significantly with decreased FHIT expression in human
CRC. Several well integrated biochemical subroutines
promote CRC cell growth and inhibit apoptosis, tipping
the balance of colon epithelial cells towards an unrestricted
proliferation and outliving the sequence of mutations
required for carcinogenesis. Apoptosis is essential for
successful embryonic development and maintenance of
normal tissue homeostasis[19]. The present study was to test
the hypothesis that decreased FHIT expression inhibits
apoptosis and decreases apoptosis-associated protein
expression, to characterize FHIT mRNA and protein
expression in normal colorectal tissue, and adenoma and
adenocarcinoma tissue, and to investigate the mechanism
of FHIT gene inactivation and its association with
apoptosis inhibition in the development and progression
of human CRC.
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MATERIALS AND METHODS
Colorectal carcinoma tissue samples
Human colorectal tissue specimens were obtained from
patients at the Department of Gastrointestinal Surgery,
Affiliated Guangzhou First People’s Hospital, Guangzhou
Medical College, China, from January 1997 to June 2000.
All tissue specimens were snap- frozen and stored at
-80℃. There were 48 male and 32 female patients with
an average age of 62 years (range 32-81 years). Of the 80
specimens of human colorectal carcinoma we examined,
20, 22, 23 and 15 were classified as Dukes’ stage A, B, C
and D, respectively. Histologically, well-differentiated CRC
was found in 16, moderately-differentiated CRC in 44, and
poorly-differentiated in 22 specimens, respectively (Table 1).
As a control, 16 normal colorectal tissue specimens and 16
colorectal adenoma specimens were also obtained. These
tissue specimens were snap-frozen in liquid nitrogen,
embedded in paraffin and stored at -80℃. Sections of each
paraffin block were stained with hematoxylin and eosin.
RT-PCR assay
Total RNA was isolated from 26 colorectal cancer and
26 normal adjacent colonic tissue specimens, and 14
adenoma and 14 normal adjacent colonic tissue specimens
with TRIzolTM reagent (Life Technologies). Nested RTPCR was carried out as described previously [20]. A 24
μ L mixture of total RNA (10 μ g), 0.4 mmol/L oligo
(dT) (New England Biolabs), and QH2O was prepared.
After incubation for 10 min at 70℃, the mixture was
quickly cooled on ice, and 16 μ L of RT-PCR mixture
containing 8 μL of 5 × first strand buffer (Invitrogen)
(250 mmol/L Tris–HCl pH 8.3, 375 mmol/L KCl, 15
mmol/L MgCl2), 4 μL of 0.1 M DTT (Invitrogen), 2 μL
10 mmol/L deoxynucleotide mixture (dATP, dTTP, dCTP
and dGTP, 10 mmol/L each) (Roche), 2 μL of RNase
inhibitor (40 U/ μ L) (Roche) was added. The reaction
proceeded in GeneAmp 2400 (Applied Biosystems)
at 45 ℃ for 2 min. After 400 U of SuperScript™
RnaseH-reverse transcriptase (200 U/ μ L) (Invitrogen)
was added and incubated for 45 min at 60℃, the reaction
was inactivated at 70℃ for 15 min and at 94℃ for 3 min.
cDNA was used as a template in the following RT-PCR.
Mutation analysis of FHIT mRNA transcripts and aberrant
splicing in human CRC by sequencing
Mutation screening in aberrant RT-PCR products was
performed using an ABI 377 automated sequencer with
a pEGM-T vector as described previously [21]. Aberrant
migrating bands were directly sequenced after isolation
of bands from low melting agarose and purification on
columns.
Analysis of FHIT, Bax, Bcl-2 and survivin protein
expression by TMA-IHC
Construction of tissue microarray (TMA): Archival
paraffin-embedded, for malin-fixed tissues from 80
Chinese CRC, 16 colonic adenoma and 16 noncancerous
normal mucosa patients were collected. Two independent
experienced pathologists selected representative areas from
www.wjgnet.com
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Table 1 Expression of FHIT and clinical or pathological factors
n

FHIT expression
Positive

Negative

2

c

P

Age
< 60
≥ 60

34
46

16
21

18
25

0.16

0.901

Sex
M
F

42
38

19
18

23
20

0.04

0.849

Differentiated
Well
Moderately
Poorly

16
44
20

12
20
5

4
24
15

4.84

0.028

Dukes
A, B
C, D

45
35

27
10

18
25

7.82

0.005

Lymph node metastasis
Positive
16
Negative
64

11
26

5
38

4.07

0.006

Survival
≥ 5 yr
< 5 yr

23
5

12
13

5.77

0.016

35
18

each donor tumor block, and then one 1-mm core was
taken from a representative area of the tumor and inserted
into a recipient paraffin block to create the TMA[6]. One
TMA slide contained 112 samples. We employed the
TMA technique to explore the expression of FHIT, Bax,
Bcl-2 and survivin in colorectal tumor specimens and its
correlation with apoptosis status by TMA-IHC and TMATUNEL. We investigated consecutively-cut serial sections
and examined the same tumor region in three dimensions.
Immunohistochemical analysis of FHIT, Bax, Bcl-2
and survivin expression in human CRC by TMAIHC: Immunohistochemical studies were performed using
a citrate-microwave-streptavidin peroxydase technique.
Immunohistochemical detection was done using antiFHIT, anti-Bax, anti-Bcl-2 and anti-survivin antibodies,
respectively. Endogenous peroxidase activity was quenched
by methanol containing 3% hydrogen peroxide (Sigma,
Taufkirchen, Germany). Nonspecific binding was blocked
by applying normal rabbit serum in a humidity chamber
at a dilution of 1:10 for 30 min. Primary antibodies
were applied overnight at 4℃. The secondary antibody
(goat to mouse immunoglobulins, DAKO, Denmark)
was applied for 1 h at room temperature. Peroxidase–
antiperoxidase (PAP rabbit, DAKO) conjugate diluted at
1:100 in phosphate-buffered saline (PBS) was applied for
45 min at room temperature. The sections were stained
with diaminobenzidine tetrahydrochloride (DAB, Sigma)
and then counterstained with hematoxylin. Negative
control staining was performed by omitting the primary
antibody. As a positive control for FHIT protein in
immunohistochemical studies, we used paraffin sections of
lung cancer positive for FHIT protein.
Quantitative measurements: Quantitative analysis of
immune reactions related to the total tissue area was
performed. We measured the percentage of positive
immune reactivity with these antibodies in the tissue
epithelium (normal and tumor). Histological images were
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captured with an OLYMPUS BX50 system microscope
with an objective at magnification X 40, through a video
camera, and digitized by appropriate software. In each
section, 500 cells per core were calculated. The relative
level of specific immunostaining and its localization were
also judged. The relative intensity of cell immunostaining
was evaluated semi-quantitatively. The data of tissue array
were confirmed by a pathologist at the Department of
Pathology of Affiliated Guangzhou First People’s Hospital.
Hierarchical clustering and tree-view analysis:
Hierarchical clustering was performed by the Cluster
program (available at http://rana.lbl.gov/) as described
previously in two dimensions: tumors were grouped
together based on the relation of their immunostaining
profiles, and antibodies were grouped based on tumors
they stained. The clustered data were visualized with the
Tree-view software tool programs originally developed for
analyzing cDNA microarray data (Available at http://rana.
lbl.gov/), which graphically displayed the results of the
analysis as dendrograms and arrays, wherein the rows and
columns corresponded to the raw staining data, presented
in the order determined.
Detection of cell apoptosis state in human CRC by TUNEL
assay
Cell apoptosis was detected in 80 CRC specimens by
TMA-TUNEL assay (Apotag Peroxidase Kit, Oncor,
Gaithersburg, MD) with the Apop-Tag TM peroxidase
kit (Zhongshan Biotech, Beijing). For the evaluation of
TUNEL index, the number of TUNEL-positive colonic
epithelial cells was recorded using the × 40 objective
lens. The case was considered positive for TUNEL if
any colonic epithelial cells showed TUNEL staining. The
TUNEL index was determined as the number of TUNELpositive colonic epithelial cells expressed as a percentage
of the total number of counted colonic epithelial cells.
Necrotic areas were excluded.
Statistical analysis
Results were presented as mean ± SD. All statistical
analyses were carried out using SPSS 11.0 for Windows
statistical software (SPSS Inc, USA). The relationship
between the clinicopathological variables and FHIT loci
and protein alterations was examined by Fisher’s exact test.
The relationship between the expression of FHIT and
prognosis of CRC was analyzed by Cox-Mantel test. P <
0.05 was considered statistically significant. All experiments
were performed three times.

RESULTS
Analysis of aberrant splice of FHIT gene in human CRC
Expression of FHIT mRNA was detected by nested
RT-PCR. According to the results, 34.6% samples with
abnormal FHIT expression displayed two transcript
categories: normal FHIT transcript (PCR products = 707
bp) and aberrant FHIT transcript (PCR products = 336 bp
and 239 bp), respectively (Figure 1). However, the samples
with normal FHIT expression only showed a normal
FHIT transcript size.

Cao J et al. FHIT expression in colorectal cancer
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Figure 1 Frequency of intragenic deletions in FHIT transcripts in human CRC.
Gel photo of FHIT RT-PCR products showing that the full length FHIT was the
predominant transcript in samples 1-3, 5, 7 and 9. Both full length FHIT and
shorter fragments representing transcripts containing deletions in FHIT could be
seen in samples 4, 6 and 7. The arrow shows the gel position of splice variants.

A

B
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D

Mutation analysis of FHIT gene in human CRC by
sequencing
Aberrant RT-PCR products were sequenced after isolation
of bands from low melting agarose and purification on
columns. In the 336 bp fragment, Exon 3 was spliced
to exon 7 (E3/E7), and thus the transcript lacked exons
4-6 (Figure 2A). In the 239 bp fragment, Exon 3 was
spliced to exon 9 containing an E3/E9 aberrant transcript
(Figure 2B).

Figure 2 Sequencing analysis of aberrant FHIT transcripts. A: Deletion of exons
4-6 in the FHIT gene; B: Deletion of exons 4-8 in the FHIT gene.

Figure 3 TMA-IHC assay showing
significantly decreased FHIT expression in
normal colonic mucosal samples (A), CRC
tissue samples (B), and magnified views of
the respective samples A and B (C and D).

Clinicopathological features and their relation to
expression of FHIT in human CRC
The correlation between FHIT protein expression and
clinicopathological data in the 80 carcinoma specimens is
shown in Table 1, and a photograph of a representative
specimen is provided in Figure 3. FHIT negative CRC
was found in 43 and FHIT FHIT positive CRC was
found in 37 specimens. Fifty-three percent (32 of 60)
of specimens with well-differentiated CRC had positive
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The survival rate with FHIT protein expression in CRC tissues

Figure 4 Relationships between FHIT expression and CRC differentiation grade
(A) and stage (B), and survival rate (C) CRC patients.

FHIT expression, whereas 25% (5 of 20) of specimens
with poorly-differentiated CRC had positive FHIT
expression (P < 0.05), while 93.75% (15 of 16) and 75%
(12 of 16) had positive FHIT expression in the normal
colorectal tissue specimens and colorectal adenoma
specimens, respectively (Figure 4A and Table 1). Sixty
percent (27 of 45) of specimens with Dukes’ A and B had
positive FHITexpression, whereas only 28% (10 of 35)
of specimens with Dukes’ C and D had positive FHIT
expression (P < 0.005) (Figure 4B and Table 1). Moreover,
prognosis of the FHIT-negative cases was much poorer
than the FHIT-positive cases (Figure 4C and Table 1).
There was no significant correlation between other
www.wjgnet.com

Figure 5 TUNEL assay showing significantly decreased apoptosis in FHITnegative CRC cells (A), FHIT-positive CRC cells (C), and magnified views of the
respective samples A and C (B and D).

clinicopathological factors and FHIT expression.
Apoptosis status in human CRC as assessed by TUNEL
The role of FHIT protein in apoptosis as a proapoptic
factor was detected by TUNEL assay. Aberrant expression
of the FHIT gene was related to colonic epithelial cell
apoptosis (Figures 5 and 6, Table 2). The apoptosis index
was 5.41 ± 0.23 in colorectal cancer with normal FHIT

Cao J et al. FHIT expression in colorectal cancer
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Figure 6 Decreased FHIT expression and apoptosis inhibition in human CRC.
Reduced apoptosis index was detected in the same number of cells per field in
CRC with FHIT-negative expression.

Table 2 Relationship between FHIT expression and apoptosis
index (AI) in human CRC
FHIT

n

AI

+/+
++

11
15
17
37

0.56 ± 0.10
1.07 ± 0.16
2.99 ± 0.32
5.41 ± 0.23

C x 40

expression and 0.56 ± 0.10 in tumors with absent FHIT
expression. The rate of apoptosis was significantly lower
in tumors with aberrant FHIT expression than in tumors
with normal FHIT expression (P < 0.05).
Expression of Bax, Bcl-2 and survivin and its correlation
with FHIT alteration
Since growth inhibitory effect of FHIT- expressing cells is
related to apoptosis, we determined whether FHIT protein
is related with other members in the apoptotic pathway.
Of the CRC tissue specimens, 54% (43 of 80) had positive
FHIT expression, whereas the remaining 46% (37 of 80)
had no detectable FHIT expression by TMA-IHC assay
(Figure 7, Figure 8, Figure 9 and Figure 10). Seventy-seven
percent of FHIT protein-negative CRC specimens showed
decreased Bax expression, whereas 75% and 60% FHIT
protein-negative specimens displayed increased Bcl-2
and survivin expression (Figure 7, Figure 8, Figure 9 and
Figure 10). The difference was statistically significant (Table
3).

D x 200

DISCUSSION

Figure 7 TMA-IHC showing significantly decreased Bax expression in FHIT
positive CRC tissue samples (A), FHIT-negative CRC tissue samples (C), and
magnified views of the respective samples A and C (B and D).

In the present study, frequent allelic loss was observed on
chromosome 3p in lung cancer and preneoplastic bronchial
lesions, indicating that inactivation of putative tumor
suppressor genes on chromosome 3p may be involved
in early steps of lung carcinogenesis. Ohta et al[3] have
identified the FHIT gene on chromosome 3p14.2, spanning
the FRA3B common fragile site and the t (3:8) break point
associated with hereditary renal cell carcinomas. The FHIT

gene is more than 1 Mb in size, encoding a 1.1-kb cDNA
with 10 small exons and a cytoplasmic Mr 16 800 protein
with diadenosine triphosphate (Ap3A) hydrolase activity
[4]
. In this study, truncated FHIT transcripts were observed
frequently alongside full-length transcripts and sequence
analysis of the truncated gene transcripts revealed mainly
www.wjgnet.com
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exon skipping and alternate RNA processing events. To
elucidate the possible molecular mechanisms responsible
for this loss of protein expression, we used RT-PCR
for FHIT transcript analysis and cDNA sequencing for
mutation detection. We found that 34.6% of the samples
with decreased FHIT expression had an additional
aberrant FHIT transcript product. However, aberrant
FHIT was not identified in the samples with normal FHIT
expression. These data suggest that loss and rearrangement
of the FHIT gene derived from FRA3B breaks or gaps in
the large FHIT intronic region may give rise to aberrant
cDNA splicing and result in loss of FHIT protein,
suggesting that the majority of aberrant FHIT transcripts
www.wjgnet.com
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Figure 8 TMA-IHC showing significantly
increased Bcl-2 expression FHIT positive
CRC tissue samples (A), FHIT-negative
CRC tissue samples (C), and magnified
views of the respective samples A and C (B
and D).

Figure 9 TMA-IHC showing significantly
increased survivin expression in FHITpositive CRC tissue samples (A), FHITnegative CRC tissue samples (C), and
magnified views of the respective samples
A and C (B and D).

lack exons 4-6 and 4-8. Our results indicate that higher
incidence of aberrant processing of FHIT mRNA and
mutation result in FHIT down-regulation in human CRC.
Loss of FHIT protein expression has been found
in lung and breast cancers, as well as in head and neck
cancers[7-10]. Ohta and colleagues[2] have reported significant
loss or reduction of FHIT expression in 39% CRC
patients. However, Thiagalingam et al[15] showed that the
FHIT gene is not involved in CRC carcinogenesis. In this
study, we demonstrated that loss of FHIT expression
was associated with poorly- and well-differentiated CRC
and frequent lymph node metastasis by TMA-IHC assay,
indicating that FHIT plays a role in the progression of
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Figure 10 Tree-view
of differential protein
expression data from 80
CRC tissue samples. Treeview demonstrated the FHIT
protein expression related to
Bax, Bcl-2 and survivin protein
expression. Red indicates upregulation, green indicates
down-regulation, and yellow
indicates no significant
change.

CRC because loss of FHIT protein is intimately associated
with the development of CRC. Lack of FHIT gene
expression and consequent protein expression can be due
to deletions, mutations, or epigenetic modifications.
These results strongly indicate that aberrant expression
of the FHIT gene is related to the development and
progression of CRC. However, the relationship between
FHIT expression and apoptosis has not been studied
in human CRC, and the decreased apoptosis in FHIT
deficient CRC has not been explained. We therefore
designed this study to investigate the differential patterns
of apoptosis-related protein expression associated with
difference in FHIT expression, in order to identify specific
changes that might reflect the pathway by which FHIT
affects apoptosis. We performed TUNEL analysis in this
study to assess apoptosis status and observed decreased
apoptosis in FHIT negative CRC tissue samples compared
to FHIT-positive CRC tissue samples. The apoptosis index
was 5.41 ± 0.23 in tumors with normal FHIT expression
and 0.56 ± 0.10 in tumors with aberrant expression.
The rate of apoptosis in tumors with aberrant FHIT
expression was significantly lower than that in tumors
with normal FHIT expression (P < 0.01). Furthermore,
we conducted tissue microarray analysis to identify
differentially expressed proteins in relevant apoptosis
pathways. For this initial pathway, we chose three key
proteins belonging to the Bcl/Bax pathway (Bcl2 and Bax)
and survivin-caspase pathway (survivin). In this study,
the FHIT-negative CRC tissue samples were associated
with down-regulation of Bax and up-regulation of Bcl-2.
It is known that the Bax gene is an apoptosis-promoting
member of the BCL-2 gene family, and apoptosis is known
to be accelerated when the Bax function is predominant[22].
On the other hand, over-expression of Bcl-2 seems to be
associated with the blocking of apoptosis. The ability of
Bcl-2 to inhibit apoptosis is dependent on the expression
of Bcl-2 and formation of hetero- and homo-dimers
between members of the Bcl-2 family[23]. We observed a
significant correlation between FHIT protein expression
and members of the Bcl/Bax pathway in human CRC (P
< 0.05). Survivin is minimally expressed in normal adult
tissues but over-expressed in a wide range of human
cancers, including cancer of the breast, lung, esophagus
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Table 3 Expression of Bax, Bcl-2, survivin and correlation with
FHIT alteration
n

FHIT expression

2

P

χ

Positive

Negative

Bax

+
-

62
18

25
12

37
6

3.89

0.048

Bcl-2

+
-

58
22

32
5

26
17

6.75

0.009

Survivin

+
-

41
39

11
26

30
13

12.76

0

and urinary bladder. Survivin is one member of inhibitors
of apoptosis and appears to block apoptosis by interfering
with the caspase activation pathway[24]. In the present study,
we demonstrated that survivin, an inhibitor of apoptosis
protein family, was significantly increased in FHITnegative CRC, indicating that FHIT plays a critical role in
FHIT-induced apoptosis, occurring through inactivation
of the survivin-caspase signal pathway. Accordingly, future
investigations must address protein-protein interactions
that lead to these changes in expression and apoptosis,
thus allowing us to place FHIT at its correct position
within the pathways, ultimately helping to elucidate the
precise mechanism by which its expression modulates
apoptosis in human CRC.
In conclusion, decreased FHIT expression is caused
by mutations of the FHIT gene in human CRC. Downregulation of FHIT is associated with down-regulation
of Bax and up-regulation of Bcl-2 and survivin, which
results in alterations in apoptosis status. Differential
FHIT expression in human CRC plays a role in control
of cell growth and apoptosis. FHIT is a potentially
important growth suppressor gene that plays a role in the
development and progression of human CRC. FHIT may
be a candidate for therapeutic modulation of apoptosis in
human CRC.
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Abstract
AIM: To investigate the infection and replication of
hepatitis B virus (HBV) in primarily cultured human fetal
hepatocytes (HFHs).
METHODS: T h e h u m a n fe t a l h e p a t o c y t e s w e r e
cultured in serum-free medium, HBV-positive serum
was added into the medium to study the susceptibility
of hepatocytes to HBV infection. The supernatant was
collected for ELISA assay of HBsAg and HBeAg, and
quantitative fluorescence PCR for HBV-DNA assay
daily. Albumin and HBcAg, CK8 and CK18 expressions
were detected by immunohistochemistry in cultured
hepatocytes. Content of lactate dehydrogenate (LDH)
was measured to find out the integrity of the cell
membrane.
RESULTS: A stable hepatocyte culture system was
established. HBV could infect the hepatocytes and
replicate, and HBcAg expression could be detected by
immunohistochemistry in hepatocyte-like cells. HBVDNA in the supernatant could be detected from d 2 to
d 18 and HBsAg and HBeAg were positive on d 3-d 18
after HBV infection. HBV in medium increased from d
0 to d 6 and subsequently decreased as the cells were
progressively loosing their hepatocyte phenotypes.
CONCLUSION: HBV could infect human fetal hepatocytes and replicate. This in vitro model allowed a detailed
study on early events associated with human HBV entry
into cells and subsequent replication.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
He patitis B vir us (HBV) infection is one of the
commonest infections in the world. According to some
reports, about 400 million people have been infected with
HBV, and about 5% are chronically infected[1]. Chronic
hepatitis B can cause cirrhosis and liver cancer[2-4]. It is
estimated that there are more than one million deaths
of this infection and 320 thousand deaths from liver
cancer associated with HBV each year in the world [5].
There are about 400 million people with chronic hepatitis
B worldwide[6]. HBV exhibits a very narrow host range
and shows a strong tropism for liver parenchyma cells.
It has therefore, been assumed that the susceptibility to
HBV infection is restricted to differentiated cells. It was
found by some authors that human primarily cultured
hepatocytes were more susceptible than other kinds of
cells to HBV infection[7,8]. Here we describe a system of
experimental infection by HBV virus using primary human
fetal hepatocytes. Infection was obtained by co-cultivation
of human fetal hepatocytes with HBV-positive serum. The
infected fetal hepatocytes in vitro were found to initiate
viral DNA replication, and they produced infectious viral
particles into medium.

MATERIALS AND METHODS
Primary culture of human fetal hepatocytes
Hepatocytes were prepared from 6 wk old human fetal
liver. Embryos procurement was approved by the Ethics
Committee of Chaozhou Central Hospital. The sera from
the mothers were negative for hepatitis C virus (HCV),
HBV and human immunodeficiency virus (HIV) by
ELISA (Shanghai SIIC Ke-Hua Biotechnology). Firstly,
we used Hank’s liquid to wash the aborted fetus 3 times,
and liver tissues were taken out. Secondly, the liver tissues
were cut with scissors into 0.1-0.5 mm3 pieces. At last,
the little pieces were shattered with 5 mL syringe to single
cells or cell aggregates. Viability, assessed by the trypan
blue exclusion test, was between 70% and 90%. The cells
www.wjgnet.com
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were seeded into 12-well culture dishes (Orange Scientific)
at about 2 × 105 cells per well and incubated with 1 mL of
10% FBS (Gibco) in DMEM (Dulbecco’s Modified Eagle's
Medium)/F12 (Nutrient Mixture F-12 HAM) (1:1) (SigmaAldrich) supplemented with 0.1 U/L penicillin, 0.1 ng/L
streptomycin, and 0.1 ng/L fluconazole at 37℃ under
5% CO2 in air. The medium was changed after the first
48 h with serum-free medium. The serum-free medium
was composed of DMEM/F12 (1:1) and 0.01 nmol/L
nicotinamide, 0.02 ng/L epidermal growth factor (EGF),
0.02 ng/L basic fibroblast growth factor (bFGF), 0.365
ng/L glutamate, B27 (1:50) (Sigma), 0.1 U/L penicillin, 0.1
ng/L streptomycin, and 0.1 ng/L fluconazole.
Viral sources
A serum sample for infection test from HBV carriers was
analyzed. The patient was anti-HbsAb positive as detected
by the ELISA (Shanghai SIIC Ke-Hua Biotechnology),
and HBV-DNA in the serum sample was quantified with
fluorescence quantitative polymerase chain reaction (FQPCR) assay (Da-An Gene Corp). The patient had received
no antiviral therapy prior to the study, and not infected
with HCV or HIV. The sera were stored at -80℃ until use.
The number of serum HBV was 7.6 × 107 copy/mL as
quantified by FQ-PCR.
In vitro infection
After 24 h culture in serum-free medium as mentioned
above, infection was obtained by incubation 1 mL
serum-free culture medium with 5% dimethyl sulphoxide
(DMSO) and 100 μ L HBV serum. Following 24 h
exposure, cells were washed 6 times with 3 mL Hank’s
liquid and incubated in 1 mL fresh serum-free medium
as described above. The medium was changed every
day, and the supernatant was collected at various times
during the culture period and stored at -80℃. We used
one-well cells without HBV serum sample as negative
control.
Detection of HBV-DNA by FQ-PCR
To qualify these DNA molecules, virus DNA was extracted
from the culture medium using an alkaline lysis method
for FQ-PCR analyses[9]. For detection of HBV-DNA in
cultured cells, all of the cells were digested by trypsinEDTA (0.25%-0.01 mmol/L) solution and centrifugated,
then were washed six times with PBS. Cells were lysed with
0.05 mol/L Tris-HCl (pH 7.4)-1% sodium dodecyl sulfate
(SDS)-0.02 mol/L NaCl-0.02 mol/L EDTA and incubated
with 0.5 g/L of proteinase K at 37℃ overnight[9]. Total
DNA was extracted by an alkaline lysis method.
HBV-DNA was measured by FQ-PCR diagnostic kit
from Da-An Gene Corp. with LightcyclerTM Roche. In
this reaction, the nucleotide sequences of the primers
were as follows: P1: 5’ATCCTGCTGCTATGCCTCATC
TT3’ (23 bp), P2: 5’ACAGTGGGGGAAAGCCCTACG
AA3’ (23 bp), FISH: 5’TGGCTAGTTTACTAGTGCCA
TTTG3’ (25 bp)[10].
QT-PCR amplification was performed using Roche
QT-PCR system with 2 min initial denaturation at 93℃ for
40 cycles of 5 s at 93℃ and 45 s at 57℃, followed by 1 s
of extension at 37℃.
www.wjgnet.com
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Detection of HBsAg and HbeAg by ELISA
HBsAg and HBeAg levels in the supernatant were detected
using the monoclonal Ⅱ enzyme-linked immunosorbent
assay. ELISA kits were obtained from Shanghai SIIC KeHua Biotechnology. Titers were expressed as the ratios
against cut-off values (A450 of negative control + 0.05 for
HBsAg and + 0.05 for HBeAg).
Periodic acid- Schiff’s staining
To discriminate liver cells from stromal cells for
general observation of morphology, cells were stained
with periodic acid-Schiff ’s reagent (PAS) by standard
methods[12]. The reagents were from Shanghai Zhu-Chun
Biotechnology.
Detection of albumin and HBcAg by immunohistochemical
staining
The cells were fixed in 0.4% formaldehyde in PBS at
room temperature for 15 min, and washed 3 times by
PBS. After that, they were incubated for 15 min with
0.25% Triton-X100 and washed 3 times by PBS. Cells
were then incubated with the following dilutions of
primary antibodies for 1 h at room temperature: antibody
to cytokeratin-8 (CK-8) and cytokeratin-18 (CK-18)
(Beijing Zhong-Shan Biotechnology), which were diluted at
1:100 in PBS; antibody to HBcAg (1:1) (Fuzhou Maxim
Biotechnology); and antibody to human albumin diluted
at 1:1000 in PBS (Sigma). Other steps were performed
according to manufacturer’s instruction of SP-9000 kits,
and AEC served as chromagens.
Determination of integrity of cell membranes
Content of LDH was measured using automatic blood
biochemistry analysis（HITACHI 7060）with Roche
reagents. LDH was expressed as U/L released into the
medium to find out the integrity of the cell membrane
every 24 h.
Statistical analysis
The statistical analysis was performed with SPSS 13.0
statistic software.

RESULTS
Properties and phenotypes of cultured hepatocytes
Single cells or cell aggregates were isolated from fetal
human livers. The initial cell population was an obvious
mixture of hematopoietic and epithelial cells. For instance,
red blood cells were copious, although these were rapidly
removed at the first medium change. They were plated
onto plastic dishes with serum containing medium. After
12 h, the hepatocytes started to attach to the dishes but
did not proliferate. After 48 h, the media became serum
free, and the HFHs began to show two kinds of state,
including cell aggregates or spheroid and scattered cells.
The spheroid was made up of many epithelial cells, and
fibroblast-like cells migrated from them (Figure 1A). With
the elongation of culture time, the percentage of fibroblastlike cells gradually increased and the percentage of flat
epithelial cells gradually decreased. After 3-5 wk, fibroblastlike cells proliferated to form a monolayer (Figure 1C).
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Figure 2 Lactate dehydrogenase (LDH) released in primary human hepatocytes.
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Figure 1 Morphology, PAS and S-P staining of the HFHs under light microscope.
A: Isolated HFHs formed epithelial-like spheroid and they were surrounded
by fibroblast-like cells in culture after 48 h; B: HFHs were stained by PAS, the
majorities of cultured cells were positive; C: HFHs state in vitro for 50 d; D: HFHs
were positive for CK8 in hepatocytes in vitro for 50 d (S-P); E: HFHs expressed
liver marker CK18 in vitro for 14 d (S-P); F: Only a few of hepatocytes were positive
for CK18 in vitro for 50 d (S-P); G: HFHs expressed ALB in vitro for 14 d (S-P).
(Original magnification, × 40).

To confirm the phenotypes of HFHs after 2 wk, cells
were analyzed by PAS staining. The majority of cells were
stained, and these cells were multiangular and flat, their
morphology were similar to that of hepatocytes (Figure
1B), Furthermore, we performed S-P staining using
primary antibodies against ALB, CK8 and CK18, the
results showed clearly that these proteins were expressed
in about 90% cells, confirming that the cells expressed
hepatocyte phenotypes (Figure 1E and 1G). After 50 d,
only less than 1% cells expressed CK8 and CK18 (Figure
1F). The above-mentioned results were also reported
by HU et al[11]. CK8 and CK18 are cytoskeletal proteins
characteristic of hepatocytes, they play a very important
role in maintaining the structure of hepatocytes, and
are expressed in the hepatocyte cytoplasm of the fetal
hepatocytes in vivo. Thus, they are good markers for
hepatocytes. As culture time extending, the cells that
expressed hepatocyte phenotypes gradually decreased,
while those cells that expressed fibroblast phenotypes
gradually increased. In our opinion, there were two
factors to explain this situation: (1) the fibroblast-like cells

proliferated faster than hepatocyte-like cells. Therefore,
after several weeks culture, fibroblast-like cells proliferated
to form a monolayer and few hepatocyte-like cells could
be observed; (2) HFHs could change their phenotypes
from hepatocytes to mesenchymal cells, this phenomenon
has also been reported by other studies[9].
In the course of this study, it was visually apparent
that the tendency of LDH increased with culture time in
serum-free medium (Figure 2). The amount of LDH in
the supernatant ranged from 620 nkat/L to 130 nkat/L.
Production of viral antigens in fetal liver cells
The serum-free culture medium was collected periodically
and the levels of HBsAg and HBeAg were analyzed. As
shown in Figures 3A and 3B, the HBsAg and HBeAg were
first detected at d 3 after the infection and continued to
appear positive during the following 16 d. They must have
been synthesized in liver cells because the wash liquid
(time zero) and medium from d 1 to d 2 were negative for
HBsAg and HBeAg. Thus, the human fetal hepatocytes
should be infected by wild virus and replicated HBV.
Human fetal hepatocytes were cultured for 24 h with
HBV serum, washed, and incubated with serum-free
medium. The supernatant was taken every day and assayed
for HBsAg and HBeAg.
Detection of HBV-DNA in media and cultured cells
The culture media were collected from d 0 to d 18 (the
day of human HBV serum deprivation was indicated as d
0), and were measured by FQ-PCR. HBV-DNA appeared
at d 2, and reached a secretion peak from d 3 to d 6. The
tendency began to decrease on d 6. Because there was no
HBV-DNA in the medium at d 0-2 after infection, HBVDNA was detected in the serum-free medium from d 3 to
d 18 (Figure 4). Therefore, they must have been released
from the infected hepatocytes, and the hepatocytes must
release and replicate virus DNA. The results of HBVDNA in liver cells are shown in Table 1.
Detection of HBcAg by immunohistochemical staining
To estimate the population of infected cells, immunohistochemical staining was used to assay HBcAg. HBcAg
was detected in about 10% of hepatocyte-like cells 3 d
after infection (Figure 5A), whereas no HBcAg was found
www.wjgnet.com
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Figure 3 HBsAg (A) and HBeAg (B) in supernatant detected by ELISA (OD:
optical denisity).

Figure 5 Detection of HBcAg by immunohistochemistry staining (S-P). A:
The HBcAg positive in hepatocytes; B: Negative control for HBcAg. Original
magnification, × 40.

Table 1 Cells quantified by FQ-PCR on d 18
Well

Cell number

HBV-DNA (copy/L)

1
2
3

1.0 × 104
1.5 × 104
1.1 × 105

2.092 × 109
8.506 × 109
1.371 × 1010

in the negative control (Figure 5 B).

DISCUSSION
Replication of HBV has been achieved in human
hepatoma cell lines using integrated or transfected HBV
genomes as templates[13-16]. Duck cells and adult human
liver cells were also successfully infected by HBV [17,18].
However, no signs of viral penetration, replication, or
particle production have been observed except for a
transient expression of some viral markers in hepatoma
cell lines[14-15]. Duck cells and adult human liver cells could
not perfectly analogue the process of the HBV infection in
human fetal hepatocytes[17,18], and human fetal hepatocytes
were used in a few experiments for HBV infection[19,20]. We
demonstrated in this study that primary cultures of fetal
human hepatocytes could maintain HBV infection in vitro
and support the replication of HBV DNA.
In this study, an evidence of virus DNA replication in
primary human fetal hepatocytes was testified from d 2 to
d 18 after infection by FQ-PCR, another evidence was
that HBsAg and HBeAg appeared positive from d 3 to
d 18 by ELISA. The process of HBV replication and
www.wjgnet.com

release continued for 16 d. The results were similar to
other experiments with DMSO supplement [18]. But the
HBV secretion time in our experiment was longer than the
experiments without DMSO[19-21]. The data demonstrated
that viral replication in vitro might be strongly enhanced by
DMSO.
Previous studies of primary hepatocytes provided
very little information about the quantity of HBV-DNA
in the culture medium [21-23]. In their reports, DNA or
RNA used to be detected by Southern blot or Northern
blot [14,18,23] . The procedures of these methods were
complicated, and the results were not stable. In our
experiment, we used FQ-PCR to measure the HBV-DNA
in the supernatant and cultured cells. FQ-PCR combines
gene amplification and molecule hybridization with
fluorescence physics, conducts the whole process of DNA
amplification and PCR products analysis in an enclosed
tube, and real-time detection as well as auto-analysis under
computer control[10]. As a result, the cross-contamination
of conventional PCR products and incapacity of
quantification can be eliminated fundamentally [10] .
Furthermore, the specificity and sensitivity increased
remarkably. This method could provide reliable and precise
data for HBV quantification.
The quantity of HBV in medium increased from d 0
to d 6 and decreased from d 7 to d 18 in the infection
process. From d 0 to d 6, HBV replicated in infected
cells and released to the medium, and then the free HBV
infected other hepatocytes. With the increasing number
of hepatocytes, it formed one infected cycle in cells and
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the quantity of HBV increased in the medium. From
d 7 to d 18, a part of cells gradually lost their hepatocyte
phenotypes and HBV infection susceptibility, and the cycle
was broken. Meanwhile, a part of floating cells and cell
spheroid died gradually, subsequently, the quantity of HBV
decreased.
In this study, we found that the presence of HbeAg
was more correlated with HBV-DNA in the medium than
that of HBsAg. According to our knowledge, HBeAg was
a marker of extensive viral replication in HBsAg-positive
sera of patients with hepatitis B virus infection[24]. The
presence of HBeAg in the serum correlated well with
hepatitis B-DNA[24]. Therefore, our results were similar to
the status in human body.
By immunohistochemical analysis, we were able to
observe a part of infection of the hepatocytes in the
cultures. Similar results have previously been reported[23].
Recently, Tuttleman et al[17] used primary duck hepatocytes
to infect HBV and only 10% of the primar y duck
hepatocytes displayed HBcAg [25]. The events could be
observed in duck hepatocytes and human fetal liver cells.
According to some reports, the procedure of liver cell
isolation could destroy the capacity for infection of all but
some cells. As it is well known, human hepatocytes were
hard to maintain in cultures, such as albumin expression.
Such phenotypes are easily lost within one week culture
when the cells are inoculated in serum-containing medium.
In our observation, the shape of the hepatocytes was
polygonal at 48 h. With elongation of culture time, some
hepatocytes gradually changed and extended in shape and
became fibroblast-like, meanwhile they lost hepatocyte
phenotypes such as ALB, CK18 and CK8 expressions. So
it is likely that some flat cells may lessen the susceptibility
to HBV infection.
HBV infection in primary fetal hepatocyte cultures is
suitable for cloning virus because of the limited infectivity
of the cells. However, our system in vitro has been found
very useful for studying the early events in viral entry into
cells as well as viral replication.
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Abstract
AIM: To examine the factor(s) involved in differentiation
of intestinal macrophages (IMACs) using a recently
established in vitro model.
METHODS: To test whether soluble or membrane bound
factors induce IMAC-differentiation, freshly elutriated
monocytes (MO) were incubated with conditioned media
or cell membranes of intestinal epithelial cells (IEC) or
cultured with IEC in transwell systems. To determine
the importance of an active migration of MO, threedimensional aggregates from a 1:1-mixture of MO
and IEC were examined by immunohistochemistry
and flow cytometry. Apoptosis was examined by
c a s p a s e - 3 We s t e r n b l o t s . E x t r a c e l l u l a r m a t r i x
production in differentiation models was compared by
immunohistochemistry.
RESULTS: IMAC differentiation was observed in a
complex three-dimensional co-culture model (multicellular
spheroid, MCS) with IEC after migration of MO into the
spheroids. By co-culture of MO with conditioned media
or membrane preparations of IEC no IMAC differentiation
was induced. Co-culture of MO with IEC in transwellcultures, with the two cell populations separated
by a membrane also did not result in intestinal-like
differentiation of MO. In contrast to IEC-spheroids with
immigrating MO in mixed MCS of IEC and MO only a
small subpopulation of MO was able to survive the seven
day culture period.
CONCLUSION: Intestinal-like differentiation of MO in
vitro is only induced in the complex three-dimensional
MCS model after immigration of MO indicating a role
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of cell-matrix and/or cell-cell interactions during the
differentiation of IMACs.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Macrophages represent a component of the innate
immune system which is of central importance. One of
the largest populations of macrophages in the body is
intestinal macrophages (IMACs) [1]. They are localized
directly underneath the epithelial barrier at the sites of
antigen entry, in particular in the sub-epithelial region
of the small and large intestine and in the subepithelial
domes of Peyer’s patches[2-4]. IMACs constitute 10%-20%
of mononuclear cells in the human lamina propria[2,5‑8].
They undergo a specific process of differentiation. This
specific differentiation is believed to be essential for the
specific functions of IMACs in the mucosal innate but also
adaptive immune system. As IMACs are central players
of both systems, a better understanding of the factors
determining their differentiation may allow the definition
of new targets for therapeutic interventions during acute
and chronic mucosal inflammation. The importance of
IMACs is supported by the finding that NOD2/CARD15,
the first gene identified to increase susceptibility to Crohn’s
disease, is mainly expressed in macrophages in the colonic
mucosa[9,10].
The phenotype of IMACs is remarkable: Less than
10% of the macrophages (MACs) isolated from normal
colonic mucosa express the typical MO/MAC-specific
surface markers CD14, CD16, CD11b, CD11c [11-13] .
Furthermore, the expression of co-stimulatory molecules
B7-1 (CD80) and B7-2 (CD86) on IMACs is low[14,15]. In

Spoettl T et al. Differentiation factors for intestinal macrophages

addition, the expression of pattern recognition receptor
(PRR) toll like receptor (TLR) 2 and TLR 4 is also downregulated in IMACs on transcriptional and translational
levels [16]. The prototypic MO/MAC functions such as
generation of superoxide radicals (oxidative burst reaction)
are absent in normal mucosal IMACs due to a lack of
NADPH-oxidase subunit expression [17], indicating that
normal IMACs constitute a non-reactive cell population,
which might be important for the induction of tolerance in
the intestinal mucosa. A disturbance of the differentiation
process followed by a reactive cell type retaining PRRs
and activation functions could be followed by chronic
inflammation.
Recently we used a three-dimensional co-culture model
(multicellular spheroid model, MCS-model) of intestinal
epithelial cells (IEC) and monocytes (MO) to induce the
in vitro differentiation of intestinal-like macrophages[18]. We
demonstrated that IEC clearly play an important role in the
differentiation of IMACs. Freshly elutriated MO, which
adhered and infiltrated IEC-MCS, changed their phenotype
during a seven-day co-culture period[18]. Typical MO/MAC
specific surface antigens such as CD14, CD16, CD11b and
CD11c, which were detectable on invading cells after 24 h,
were down-regulated after seven days. This differentiation
was of functional relevance as seen by the loss of LPSinduced IL-1b transcription in IEC-MCS/MO co-cultures
compared to control experiments[18]. As the gut specific
differentiation of IMACs is of great functional importance
and the MCS-model resembled the differentiation process
in vitro, we addressed the question of which factor(s)
induce the specific IMAC-differentiation.
Little is known about the direct interaction between
IEC and MO/MAC. In nor mal intestinal mucosa
tissue IMAC are separated from IEC by the basement
membrane[2,4]. Doe and co-workers[19] have localized IMACs
beneath the luminal epithelium[19]. It has been shown that
IMACs or dendritic cells can transmigrate and return again
across the basement membrane[20] and that the basement
membrane is as easily permeable for large molecules as
complement factors[21]. Martin and co-workers[22] found
that murine MO/MAC and IEC are coupled by gap
junctions and that gap junctional communication may
provide a tool by which inflammatory cells regulate IEC
function and vice versa.
In the present study, we aimed to study whether the
induction of intestinal like differentiation of MAC is
induced by soluble or secreted proteins, whether direct
cell-cell interactions are necessary, whether cell-matrix
interactions play a major role and whether all MO or just
a subpopulation of MO is capable of differentiating into
IMACs.

MATERIALS AND METHODS
Monocyte isolation and cell culture
Primary blood MO were obtained by leukapheresis of
healthy donors, followed by density gradient centrifugation
over Ficoll/Hypaque as described previously [18]. Two
intestinal epithelial cell lines (HT-29 and WiDr) and
a control cell line of non-intestinal origin (urothelial
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carcinoma, J82) were used. All cell lines were cultured
under standard tissue-culture conditions[23,24]. The isolation
of monocytes was approved by the local institutional
review board.
Conditioned medium
Confluent monolayers of IEC lines or the control cell
line were incubated with cell culture medium with or
without fetal calf serum (FCS). After 48 h the medium
was removed, centrifuged and stored at -20℃. Freshly
elutriated MO were incubated in conditioned medium for
up to seven days.
Immunohistochemistry
Immunohistochemical staining was carried out according
to the standard alkaline phosphatase anti-alkaline
phosphatase (APAAP) or diaminobenzidine (DAB)
technique[25]. The following monoclonal antibodies against
MO/MAC-antigens were used: anti-CD68 (clone: KP1,
Dako, Hamburg, Germany), anti-CD11b (clone: BEAR1,
Immunotech, Hamburg, Germany), anti-CD11c (clone:
BU15, Immunotech, Hamburg, Germany), anti-CD14
(clone: RMO52, Immunotech, Hamburg, Germany)
and anti-CD16 (clone: 3G8, Immunotech, Hamburg,
Germany). For detection of extracellular matrix antibodies
against fibronectin (clone: 568, Progen, Heidelberg,
Ger many), laminin (clone: 4C7, Dako, Hamburg,
Germany) and collagen Ⅳ (clone: CIV 22.(1), Dako,
Hamburg, Germany) were used.
Cell ELISA
Fixed MO were washed with NKH buffer (0.14 mol/L
NaCl, 5 mmol/L KCl and 2 mmol/L HEPES, all Merck,
Dar mstadt, Ger many) and unspecific binding was
blocked with 10% FCS in NAG buffer (0.1% NaN 3 ,
2 mmol/L HEPES, 0.2% gelatine, all Merck, Darmstadt,
Germany and 0.2% BSA, Sigma-Aldrich, Deisenhofen,
Ger many). Antibodies against CD68, CD14, CD16
and b 2‑microglobuline (anti- b 2M, Dianova, Hamburg,
Germany) as a positive control were applied. After rinsing,
rabbit anti-mouse IgG (Dako, Hamburg, Germany) was
added and incubated with peroxidase-conjugated goatanti-rabbit antibody (Immunotech, Hamburg, Germany).
Subsequent incubation with 1.2‑phenylendiaminedihydrochloride substrate (OPD, Fluka, Deisenhofen,
Germany) for exact 12 min resulted in a yellow color.
The reaction was stopped with 1 mol/L H2SO4 (Merck,
Darmstadt, Germany) and the extinction was determined
photometrically. As a reference value the extinction of ß2M
was set 1. All measured values were standardized on the
b2M-extinction.
Proliferation and cell viability assay (MTS-test)
A total of 100 000 MO per well were grown either
in conditioned media of IEC or in control media in
96-well plates for seven days. A colorimetric assay (MTS,
Endogen, Woburn, Germany) for quantification of cell
proliferation and cell viability was performed according to
the manufacturer’s protocol. The absorption was measured
8 h after addition of the MTS-labeling mixture.
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Cell membranes
IEC or control cells were washed with PBS, resuspended in
homogenization buffer (Tris 50 mmol/L, EDTA 1 mmol/L,
PMSF 1 mmol/L, benzamidine 1 mmol/L, saccharose 0.25
mmol/L) and lyzed by sonification. Cell membranes were
isolated in three subsequent centrifugation steps (400 × g
for 10 min, 8500 × g for 10 min, 25 000 × g for 30 min).
During the third centrifugation step, the cell membranes
were sedimented, re-suspended in PBS and incubated in
96-well plates to allow adherence to the plastic surface.
After 30 min the supernatants were removed and replaced
by a suspension of freshly elutriated MO.
Transwell co-cultures
IEC were seeded onto filter inserts with a pore size of 12
μm or 3 μm (preventing IEC from transmigration through
the membranes). After formation of an IEC-monolayer
the supernatant was removed and freshly elutriated MO in
medium supplemented with 2% of human AB-serum were
added to each filter insert. After seven days of incubation
migrated cells were fixed for immunohistochemistry. Cells
in suspension were collected separately and subjected to
flow cytometrical analysis.
Generation of MCS
MCS from only IEC or from a 1:1 mixture of IEC
and MO were generated according to the liquid overlay
culture technique[18]. Mixed spheroids were also generated
with addition of a blocking anti-Fas antibody (Upstate
Biotechnology, Lake Placid, USA) to the cell suspension 30
min before seeding.
Flow cytometry
Flow cytometry was performed using a Coulter EPICS®
XL-MCL (Coulter, Krefeld, Germany). Cells were double
stained with a FITC-conjugated anti-CD14 antibody (clone
Tük4, Coulter, Krefeld, Germany) and a PE-conjugated
anti-CD33 antibody (clone MY9, Coulter, Krefeld,
Germany) as described previously.
Data acquisition and analysis were performed using
WIN‑MDI software (http://facs.scripps.edu/help/html/).
Immunoblotting
Cells were resuspended in RIPA buffer (1% Nonidet
P-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mmol/
L Na 3VO 4, 50 mmol/L NaF and 1 tablet of complete
proteinase inhibitor cocktail [Boehringer, Mannheim,
Ger many] per 50 mL PBS) for 10 min on ice and
centrifuged (12 000 ×g for 15 min at 4℃). The protein
concentration of the supernatant (protein fraction) was
determined by BCA protein assay (Sigma-Aldrich Chemie,
Deisenhofen, Ger many). Thirty μ g of protein was
mixed with an equivalent volume of 2 × protein loading
buffer containing 2-b-mercaptoethanol and boiled for 5
min before it was loaded onto SDS polyacrylamide gels.
After electrophoresis, proteins were transferred onto
nitro-cellulose membranes using the Xcell blot module
(Invitrogen BV/NOVEX; Gronigen, Netherlands)
and blocked in TBST (50 mmol/L Tris-HCl, pH 7.5,
150 mmol/L NaCl, 0.05% Tween 20) containing 5%
www.wjgnet.com
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non-fat dry milk powder. Protein immunoblots were
performed using specific antibodies to caspase-3 (clone
19, Transduction Laboratories, Lexington, USA) and
β -actin (clone JLA20, Calbiochem, Cambridge, USA).
The membranes were further incubated with peroxidaseconjugated secondary antibodies and protein bands were
visualized using a chemoluminescence kit (ECL Plus
™, Amersham, Buckinghamshire, UK) according to the
manufacturer’s protocol.

RESULTS
Recently we demonstrated in vitro differentiation of MO
into IMACs in complex three- dimensional co-culture
models (MCS model) with IEC after migration of MO
into the IEC complexes. Here we further studied whether
soluble factors or cell-cell interactions might be more
relevant to this differentiation.
IEC-conditioned media did not induce differentiation of
IMACs
To test whether soluble factors secreted by IEC induce the
intestinal-like differentiation of MO, freshly elutriated MO
were incubated with IEC-conditioned medium for seven
days. Immunohistochemical analysis of MO showed no
intestinal-like differentiation. CD14, CD16, CD11b and
CD11c, which are down-regulated during differentiation of
IMACs and therefore absent on MAC from normal noninflamed mucosa, were all detectable. CD14 was expressed
by 70%-80%, CD16 by 50%-60%, CD11b by 80%-90%
and CD11c by 90%-100% of the MO/MAC incubated in
HT‑29‑conditioned medium for seven days. Same results
obtained with conditioned medium of the second tested
IEC line WiDr were not significantly different from the
values obtained with the MO/MAC incubated in control
media (Figure 1). When cells were analysed by flow
cytometry these findings were confirmed as no downregulation of CD14, CD16, CD11b and CD80 expression
could be observed in MO after seven-day co-culture with
IEC-conditioned media (CD14 expression shown in
Figure 2).
The results were further confirmed and quantified
using the cell-ELISA technique able to detect minor
changes in antigen expression. As a positive control and
for reference values we determined the expression of
the MAC housekeeping gene b2M (Figure 3A). All other
values were standardized in relation to ß2M-expression.
The antigen expression of MO/MAC, incubated in IECconditioned medium did not differ significantly from that
of cells, incubated in control medium. The expression
of CD16 was always slightly decreased, but could also be
observed in control experiments and was not specific for
IEC-conditioned media (Figure 3B).
IMAC differentiation was not induced by IEC-membrane
bound factors
To determine whether membrane-bound factors of IEC
induce the intestinal-like differentiation of MO, freshly
elutriated blood MO were co-cultured with membrane
preparations of IEC as described in Materials and
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MO in
unconditioned
HT-29 control
medium

MO in
unconditioned
WiDr control
medium

MO in HT-29
conditioned
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MO in WiDr
conditioned
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MO in J82
conditioned
control medium

CD 14			

CD 16			

CD 11b			

CD 11c

Figure 1 Immunohistochemical detection of MO/MAC antigen expression after 7 d of culture in IEC conditioned medium. Freshly elutriated MO were incubated in
unconditioned control media, conditioned media of the IEC lines HT-29 and WiDr and conditioned medium of the control cell line J82 of non-intestinal origin for seven
days. Antigen expression was determined by immunohistochemistry (APAAP-method). Expression of the MO/MAC specific antigens CD14, CD16, CD11b and CD11c
was determined. All tested antigens were detectable on the cells after the seven-day culture period. Incubation in IEC-conditioned medium had no influence on antigen
expression.

Methods. After an incubation period of seven days MO cocultured with IEC-membranes showed no differentiation
into intestinal-like MAC. The tested antigens CD14,
CD16, CD11b and CD11c were still detectable after seven
days of culture of MO/MAC together with membrane
preparations of the IEC line HT‑29. MO/MAC incubated
for seven days without membrane preparations showed the
same pattern of antigen expression (Figure 4).
Same results were obtained with membranes of a
second intestinal epithelial cell line (WiDr) and the control
cell line J82 (data not shown).
IMAC differentiation was not observed in transwell culture
To test whether a short direct contact between MO and
IEC is able to induce intestinal-like differentiation of MO,
we incubated MO and IEC in so called “transwell-cultures”.
MO were added to IEC grown in filter inserts. When

filters with a pore size of three μm were used, only MO
were able to migrate through the membrane as confirmed
by negative staining for the epithelial cell marker EP-4
and positive staining for the MO/MAC-marker CD33
(Figure 5A). Twelve- μ m long filters allowed also IEC
to migrate through the membranes. IEC could be easily
distinguished from MO/MAC by morphology and showed
no expression of the tested MO/MAC-specific antigens.
MO either migrated through the IEC layer or stayed in
the upper compartment of transwell-culture. Antigen
expression of cells adherent to the plastic dishes after
transmigration was examined by immunohistochemistry.
MO/MAC were all positive for the intracellular MO/MAC
marker CD68 and showed a high expression of CD14,
CD16, CD11b and CD11c after the seven day culture
period (Figure 5B). Non adherent cells from the upper or
lower compartment of the filter insert were analysed by
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Figure 2 Flow cytometrical quantification of MO/MAC antigen expression after seven days of culture in IEC conditioned medium. A: Ninety-two percent of CD33+ cells (MO/
MAC) showed expression of CD14 in MO cultured in unconditioned control medium (RPMI) without FCS supplemented with 2% human AB serum for seven days; B: Ninetyfive percent of CD33+ cells (MO/MAC) were CD14-positiv in MO cultured in WiDr conditioned medium without FCS supplemented with 2% human AB serum for seven
days; C: Ninety-two percent of CD33+ cells (MO/MAC) were CD14-positive in MO cultured in J82 conditioned medium (control cell line of non-intestinal origin) without FCS
supplemented with 2% human AB serum for seven days; D: Ninety-four percent of CD33+ cells (MO/MAC) showed expression of CD14 in MO cultured in unconditioned
control medium (DMEM) without FCS supplemented with 2% human AB serum for seven days; E: Ninety-eight percent of CD33+ cells (MO/MAC) were CD14-positive in MO
cultured in HT-29 conditioned medium without FCS supplemented with 2% human AB serum for seven days; F: No down-regulation of CD14 expression was observed on
histogram of CD14 expressing mononuclear cells after seven days of culture in RPMI (control medium), J82 (control cell line) or WiDR conditioned medium; G: Histogram of
CD14 expressing mononuclear cells after seven days of culture in DMEM (control medium) and HT-29 conditioned medium.

flow cytometry and showed a similar antigen pattern with
high CD14, CD16 and CD11b expressions (Figure 5C
and D).
Immigration of MO into MCS was relevant to IMAC
differentiation
To test whether the process of invading the three-dimensional IEC-spheroids is necessary for the differentiation
of MO into IMACs, we generated “mixed spheroids” from
a 1:1-mixture of IEC and MO. In these experiments MO
were added during the generation of MCS and did not
invade the three-dimensional aggregates.
Flow cytometrical analysis showed 15.2% MO/MAC
inside spheroids of the control cell line J82 after 24
h of co-culture. This percentage was nearly constant
during a seven-day culture period (13.2%, d 7, n = 5).
In spheroids with the IEC line HT-29 a different effect
could be observed. After 24 h 21.7% MO/MAC inside
the spheroids could be detected. On day seven of coculture the percentage of MO/MAC inside the spheroids
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decreased to 1.4% (n = 4). Similar results could be obtained
with spheroids of the IEC line WiDr. The percentage of
MO/MAC inside the spheroids decreased from 14.6%
(24 h) to 2.4% (d 7, n = 4) (Figure 6A). Remaining MO/
MAC inside the aggregates showed no differentiation into
IMACs. The results showed that active invasion of the
aggregates by MO was an essential step in the process of
IMAC differentiation.
To test whether the observed decrease in the relative
amount of MO in “mixed spheroids” is due to Fasinduced apoptosis, we added a blocking anti-Fas antibody
to the cell suspensions before g enerating “mixed
spheroids”. Addition of the anti-Fas antibody did not
change the results significantly. The number of MO/MAC
decreased from 14.2% (24 h) to 0.8% (7d) in HT-29 MCS
and from 20% (24 h) to 2.3% (7d) in WiDr spheroids. In
control experiments with J82 spheroids the number of
MO/MAC was almost constant with 13.9% at 24 h and
12% on day seven (n = 3) (Figure 6B).
In addition, Wester n-blots for caspase-3 were
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Figure 3 Cell ELISA of MO/MAC antigen
expression after seven days of coculture with IEC conditioned media. A:
Freshly elutriated MO were incubated in
conditioned medium of the IEC line WiDr
or control media (left graph) of HT-29 and
control media (right graph) for seven days.
Expression of the housekeeping antigen
β2M was determined an extinction is given
as absolute value; B: CD68, CD14 and
CD16 antigen expression of MO incubated
in conditioned medium of the IEC line
WiDr or non-conditioned control medium
(left graph) or HT-29 and control medium
(right graph) after seven days was also
determined by cell ELISA. Values are
standardized on b2M-extinction.
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Figure 4 MO/MAC antigen expression after seven days of culture with IEC membranes. Freshly elutriated MO were incubated for seven days with membrane preparations
of the IEC line HT-29 or without membranes. Antigen expression was determined by immunohistochemistry (APAAP-method). There was no difference in expression of
CD14, CD16, CD11b and CD11c in cells incubated with or without IEC membranes.

perfor med. After 24 h and three days no activated
caspase-3 was detected in ”mixed MCS” of IEC and MO
or in control cells and MO (Figure 7).
Potential role of extracellular matrix in IMAC differentation
The expression of extracellular matrix (ECM)

proteins (fibronectin, laminin and collagen Ⅳ) in the
“nor mal” and mixed spheroids was deter mined by
immunohistochemistry. Laminin and collagen Ⅳ were not
detectable in both mixed spheroids and spheroids invaded
by MO. In contrast, a strong expression of fibronectin
could be detected in spheroids invaded by MO, which was
www.wjgnet.com
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Figure 5 Antigen expression of MO/MAC incubated with IEC in trans-well cultures. Freshly elutriated MO were incubated with the IEC line HT-29 seeded on filter inlays
for seven days. Depending on pore size of the inlays only MO or MO and IEC could migrate through the filter. Antigen expression of migrating and non-migrating cells was
examined by immunohistochemistry (APAAP-method) and flow cytometry. A: Migrating cells adhered to the plastic surface of the cell culture plate. When filters with a pore
size of 3 mm were used, only MO were able to migrate through the membrane. Migrating cells were all negative for the epithelial cell specific marker EP-4 and positive for
the MO/MAC-marker CD33; B: Migrating cells showed expression of CD68, CD14, CD16, CD11b and CD11c (left column). Twelve mm pores allowed migration of MO and
IEC. None of the tested antigens was expressed by IEC (right column); C: Non migrating cells which remained in the upper compartment of the filter insert were examined
by flow cytometry. The CD33-positive cell population (MO/MAC) showed also expression of CD14, CD16 and CD11b; D: Migrating cells which did not adhere to the plastic
dish were examined by flow cytometry. Cells showed CD33-expression and were positive for CD14, CD16 and CD11b.

up-regulated from three to seven days of culture and was
absent in mixed spheroids incubated for the same time.
The expression of fibronectin was localized in the inner
region of aggregates (Figure 8).

DISCUSSION
As IMACs are essential players in local immune responses
and the innate immune system of intestinal barrier, their
specific phenotype must be of importance. Compared to
IMACs from inflammatory bowel disease (IBD) patients,
IMACs from normal intestinal mucosa show a downregulation of several surface markers, co-stimulatory
molecules and proteins necessary for LPS-induced signal
transduction [11-13,16], which may be responsible for the
induction of tolerance.
Recently we have shown that MO differentiate into
www.wjgnet.com

IMACs after immigration into the MCS co-culture with
IEC in vitro [18]. In this study, factor(s) inducing IMAC
differentiation in vitro were analysed. We showed that
the specific IMAC differentiation was not mediated by
soluble or membrane bound factors of IEC alone, as
no intestinal-like differentiation was observed in freshly
elutriated MO cultured together with IEC-conditioned
medium or IEC-membranes. Also “weak interactions”
between MO and IEC in trans-well cultures, in which
MO and IEC (monolayers) were only separated by filter
membranes, were not sufficient for differentiation. IMAC
differentiation could only be induced in the complex
three-dimensional MCS model with close contact between
MO, IEC and ECM [18] . Loss of MO obser ved in 1:1
“mixed spheroids” of the IEC lines HT-29 and WiDr
was obviously not due to apoptosis, as we could neither
block this effect by adding an anti-Fas antibody nor detect
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Figure 7 Western-blot for caspase-3 of mixed spheroids after 24 h and three
days. Mixed spheroids of IEC and MO, control cells and MO or control spheroids
generated only from IEC or control cells were disaggregated after 24 h and three
days of culture. Western-blots for activated caspase-3 were performed. Lane 1:
HT-29 without MO 24 h; lane 2: HT-29/MO (1:1) 24 h; lane 3: J82 without MO 24 h;
lane 4: J82/MO (1:1) 24 h; lane 5: HT-29 without MO 3 d; lane 6: HT-29/MO (1:1) 3
d; lane 7: J82 without MO 3 d; lane 8: J82/MO (1:1) 3 d; lane 9: positive control for
activated caspase-3. No activated caspase-3 could be detected in co-cultures of
MO and IEC or in spheroids generated only from IEC.
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Figure 6 Mixed spheroids of MO and IEC or the control cell line. Mixed spheroids
of the IEC lines HT-29 and WiDr or the control cell line J82 and MO were
generated and cultured for seven days, disaggregated and examined by flow
cytometry. A: There was a strong decrease of surviving MO/MAC (CD33+ cells)
inside IEC spheroids compared to control spheroids over the seven-day culture
period. In HT-29 spheroids the percentage decreased from 21.7% (24 h) to 1.4%
(7 d). In WiDr spheroids a slighter decrease was observed with 14.6% MO/MAC
after 24 h and 2.4% after seven days. In spheroids of the control cell line J82 no
selection of a MO/MAC subpopulation could be observed. The number of MO/
MAC inside the aggregates was nearly constant with 15.2% (24 h) and 13.2 (7 d);
B: Addition of a blocking anti-Fas antibody 30 min before generation of the mixed
spheroids did not change the results. In IEC-MCS a strong decrease of MO/MAC
was observed (HT-29: 14.2% 24 h, 0.8% 7 d, WiDr: 20.1% 24 h, 2.3% 7 d). The
MO/MAC number in control cell MCS was nearly constant with 13.9% (24 h) and
12.0% (7 d).
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A

A

A

Normal spheroid		

activated caspase-3 during the incubation period.
Although MCS do not resemble the in vivo situation
where IMACs are separated from the IEC by the basement
membrane, many conditions such as O2-gradient, pH or
ECM production are similar to those in the body[26-28]. In
MCS, cells are also able to form cell-cell and cell-matrix
contacts which are found in vivo[29-31] and may therefore be
regarded as a useful model to study the important aspects
of IMAC differentiation.
In general, interactions between different cell types,
special cytokine milieus and contact with components of
the ECM can trigger cells to develop a special phenotype.
Hohn and co-workers [32] showed that components of
the basement membrane and ECM are involved in
choriocarcinoma cell differentiation. Hanspal et al[33] have
demonstrated the importance of cell-cell interactions
during the regulation of erythropoiesis. The ECM protein,
vitronectin, controls the differentiation of cerebellar
granular cells[34]. It was reported that ECM also plays a

Mixed spheroid

Figure 8 Immunohistochemical staining for the ECM-protein fibronectin in “normal”
and mixed spheroids of the IEC line HT-29 after seven days. Fibronectin could be
detected in spheroids invaded by MO and cultured for seven days. Expression was
preferentially localized in the center of aggregates. In mixed spheroids cultured for
seven days no fibronectin expression was observed.

role in the differentiation of embryonic stem cells[35] and
skeletal muscle cells [36]. Armstrong et al [37] have shown
that ECM proteins have effects on MAC differentiation,
growth and function.
Jacob et al[38] induced differentiation of MO to MAC
in vitro by culturing MO on different ECM protein
substrates, and found that specific markers associated with
differentiation are changes in the expression of cell surface
antigens. FACS analysis showed a down-regulation of
CD14 occurring in a substrate dependent manner, which
was the highest in MO maintained on fibronectin in their
study[38].
In our experiments, MCS invaded by MO and cultured
www.wjgnet.com
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for seven days contained a large amount of ECM protein
fibronectin. In addition, the expression of fibronectin was
up-regulated during the culture period, which is correlated
with the previously described down-regulation of CD14
and other MO-specific surface markers [18] . In mixed
spheroids no fibronectin expression could be detected,
which could be due to a stronger degradation of ECM
proteins by the larger amount of MO added or a lack of
synthesis induction. Fibronectin present in the described
co-culture model seems to be an important factor
contributing to the in vitro differentiation of IMACs as well
as the active invasion of MO into the three-dimensional
aggregates, indicating that only a subpopulation of blood
MO is able to differentiate into IMACs.
The loss of MO in the “mixed spheroids” could have
several reasons. First, differentiation into the intestinal
phenotype is necessary for survival in the epithelial cell
environment. Second, the higher number of mononuclear
cells in the mixed spheroids compared to the model with
MO invasion induces factors that lead to cell death or
prevent the synthesis of survival factors. Third, we cannot
exclude that this is a self protection effect of the tumor
cell lines used and that MO only enter the MCS in the
MCS model.
We cannot exclude that there is a pre-primed
subpopulation of MO in the peripheral blood that is
especially suited to get in contact with IEC. According
to such a hypothesis only this pre-primed subpopulation
would enter the MCS model or the mucosa and further
differentiate into IMACs. This natural selection would
not be observed in co-cultures of all elutriated peripheral
MO with conditioned media, membrane preparations
or in mixed spheroids. The number of differentiating
cells would be too low to reach a significant difference.
In the present study, we investigated this possibility of
a pre-primed subpopulation of MO suited for IMAC
differentiation.
To understand the differentiation process of IMACs in
healthy individuals may further help to find an approach
for the therapy of IBD. Local induction of a tolerogenic
and anergic IMAC cell type could down-regulate or stop
mucosal inflammation. A therapeutic approach inducing
differentiation of this cell type would be one step up the
inflammatory cascade not aimed at T-cells but at the site
of the first contact with antigen entry in the mucosa.
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Abstract
AIM: To elucidate the sequential transfer of iron
amongst ferritin, transferrin and transferrin receptor
under various iron status conditions.
METHODS: Incorporation of 59Fe into mucosal and
luminal proteins was carried out in control WKY rats. The
sequential transfer of iron amongst ferritin, transferrin
and transferrin receptor was carried out in iron deficient,
c o nt ro l a nd iro n overloaded rats. The duodenal
proteins were subjected to immunoprecipitation and
quantitation by specific ELISA and in situ localization
by microautoradiography and immunohistochemistry in
tandem duodenal sections. Human duodenal biopsy (n
= 36) collected from subjects with differing iron status
were also stained for these proteins.
RESULTS: Ferritin was identified as the major protein
that incorporated iron in a time-dependent manner in
the duodenal mucosa. The concentration of mucosal
ferritin was significantly higher in the iron excess group
compared to control, iron deficient groups (731.5 ±
191.96 vs 308.3 ± 123.36, 731.5 ± 191.96 vs 256.0
± 1.19, P < 0.005), while that of luminal transferrin
which was significantly higher than the mucosal did not
differ among the groups (10.9 ± 7.6 vs 0.87 ± 0.79,
11.1 ± 10.3 vs 0.80 ± 1.20, 6.8 ± 4.7 vs 0.61 ± 0.63,
P < 0.001). In situ grading of proteins and iron, and
their superimposition, suggested the occurrence of
a sequential transfer of iron. This was demonstrated
to occur through the initial binding of iron to luminal
transferrin then to absorptive cell surface transferrin
receptors. The staining intensity of these proteins varied

www.wjgnet.com

according to the iron nutrition in humans, with intense
staining of transferrin receptor observed in iron deficient
subjects.
CONCLUSION: It is concluded that the intestine takes
up iron through a sequential transfer involving interaction
of luminal transferrin, transferrin-transferrin receptor and
ferritin.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Iron homeostasis is accomplished by regulating absorption
in the proximal small intestine and is regulated according
to the body’s needs. Failure to maintain this equilibrium
leads to pathological conditions resulting in either iron
deficiency or iron overload. Iron deficiency anemia remains
the most important micronutrient deficiency world wide.
Iron is essential because of its unique ability to serve as
both an electron donor and acceptor. Because of iron’s
virtual insolubility and potential toxicity under physiological
conditions, special molecules have evolved for its acquisition,
transport and storage in soluble, nontoxic form. In humans,
heme iron is absorbed more efficiently than non-heme
iron[1]. Recent studies demonstrate that non-heme iron
is transported into the cell in the ferrous [Fe (Ⅱ)] form,
mainly by carrier divalent metal transporter 1 (DMT1)-also
known as natural resistance associated macrophage protein
2 (Nramp2) or divalent cation transporter 1 (DCT1)[2] .
However, iron absorption is not impaired by mutation of
DMT-1, suggesting that DMT-1 is not the only transporter
operating within the endosomes of crypt cells. Studies of
Conrad et al[3], showed that ferric iron is absorbed by β3
integrin and mobilferrin pathway which is shared with other
nutritional metals .
In last few decades, several candidate proteins involved
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in the transmembrane transport of iron have been
identified[4] . Several years ago, Granick et al demonstrated
that ferritin sequesters iron and provides the block to
iron uptake. Although this model remains unproven, the
hypothesis that the amount of mucosal ferritin dictates the
extent of iron absorbed by the enterocytes is still intriguing.
It has been postulated that iron absorption was the primary
method of maintaining body iron homeostasis and was
regulated by a mucosal receptor that blocked iron absorption
when it became satiated with iron. For two decades, it was
believed that ferritin was the receptor that regulates iron
absorption, and that apoferritin enhances iron absorption
while holoferritin blocks iron uptake. This hypothesis was
disproved by immunological studies showing that there was
little or no apoferritin in the absorptive cells of iron deficient
animals[5]. Despite the close relationship between ferritin
levels and intestinal iron absorption[6] it is not clear whether
this protein plays a passive or active role in transport
regulation.
There are studies to argue for[7-11] and against[12-14] the
view that transferrin (Tf) is an important mediator of iron
absorption. The proposal that mucosal Tf acts as a shuttle
protein for iron absorption was suggested by Huebers
et al[15]. Selective localization of transferrin in the duodenal
epithelium in rat[16,17] and in human[17] , and the co-localization
of transferrin receptor (TfR) and transferrin in coated pits
on the basal and lateral membranes of crypt cells in mouse
have been demonstrated[18]. However, an ultrastructural
study of Parmley et al[19] failed to identify TfR on the surface
of enterocyte microvilli. Thus, the role of transferrin
and transferrin receptor in the duodenal uptake was not
identified with certainty. In 1983, it was postulated that
transferrin was secreted into the intestinal lumen to bind iron
and enter the absorptive cell as a transferrin iron complex in
a manner similar to non-intestinal cells[15]. Recent studies of
transferrin receptor knockout mice (TfR-/-) provide new
insights regarding the physiologic role of the transferrin/
transferrin receptor cycle. Homozygous TfR -/- animals
die in utero with impaired erythropoiesis and defective
neurological development. Thus, the TfR-/- mice provide a
convincing demonstration that the transferrin/transferrin
receptor cycle plays a central role in the maintenance
of nor mal iron metabolism. Whether transferrin is
associated with receptor and whether it plays any role in
iron absorption at this site is yet to be determined. A protein
called hereditary hemochromatosis (HFE) has been shown
to interact with transferrin receptor 1 (TfR1)[20] to influence
the rate of receptor mediated uptake of transferrin-bound
iron[21-24] . Thus, these investigations of exact localization
of mucosal transferrin and transferrin receptor, inside
or outside the enterocytes, are conflicting. Therefore, an
attempt was made to describe the sequential movement
of iron across intestine. The events were sequenced by
in situ localization of iron by microautoradiography and
immunohistochemistry of ferritin, transferrin and transferrin
receptor in serial sections of intestine.

MATERIALS AND METHODS
Radioactive 59FeCl3 (sp.act 4.0 Ci/g iron in 0.01 mol/L
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HCl) was obtained from BRIT (Mumbai, India).
Photog raphic emulsion LM-1 was obtained from
Amersham (Amersham International plc, UK). SIH
universal anti-rabbit kit, human and rat serotransferrin was
obtained from Sigma Aldrich Co (St. Louis, USA). Ferritin,
transferrin antisera against purified proteins were produced
in New Zealand white rabbits. Polyclonal antiserum against
rat placental transferrin receptor was a gift from James D.
Cook, M.D (University of Kansas Medical Center, Kansas
City, USA). All other chemicals used were of analytic grade
and procured locally.
Studies in rats
Rats from National Centre for Laboratory Animal Sciences
(National Institute of Nutrition, Hyderabad) were used for
the study. All animal experiments were approved by the
institutional animal ethics committee.
Incorporation of radioactive iron into various iron
binding protein was carried out in Wistar/Kyoto (WKY)
adult male normal rats (body weight 200 g). Food was
withheld for 16-18 h before administering 1 mL of
7-10 μci of 59FeCl3 in 0.01N HCl by gavage. Rats were
sacrificed at various time intervals starting at 15, 30 min, 1,
2, 4 and 12 h to study the time-dependent incorporation
of iron into luminal and mucosal proteins of various
segments. All the subsequent operations were carried
out on ice. The luminal content was collected by flushing
with 5-10 mL of saline containing protease inhibitors.
The mucosal scrapings were obtained by scrapping off
the everted segments with a glass slide. The intestinal
contents obtained from three rats from each group were
pooled together for each time point. The contents were
homogenized in 1:4 v/v of saline containing a cocktail
of protease inhibitors (PMSF 75 μ g/mL, leupeptin 1
μg/mL and iodoacetate186 μg/mL), and subjected to 60%
ammonium sulphate fractionation. A clear supernatant was
prepared for subsequent analysis.
Further to explore the specific role of duodenal
transferrin and ferritin during iron absorption, timedependent (5 min-4 h) incorporation of radioactive iron
into these proteins, along with quantitation by specific
ELISA and immunoprecipitation techniques for ferritin
and transferrin, was carried out in control, iron-deficient,
and excess iron fed rats. For this, 74 WKY male weanling
rats (body weight 37.5 ± 7.63) were randomly selected and
housed individually into iron deficient (n = 30), control (n
= 24) and iron excess (n = 24) groups. They were allowed
to have free access to food and water for 7 weeks. The
rats were placed on one of the three diets each containing
identical protein, fat, carbohydrate, and complete vitamin
and fiber supplements. The diets were produced in
accordance with the recommendations of American
Institute of Nutrition (AIN93)[25]. The diet also contained
a balanced mineral mix, differing only in the iron content.
The deficient group received iron deficient semi-synthetic
diet containing < 10 mg iron/kg diet, while the iron
adequate and excess groups received diet containing 35
and 250 mg/kg diet, respectively. At the end of this period
rats were administered 7-10 μCi of radioactive iron and
sacrificed at different time points. Duodenal segments

www.wjgnet.com

1044

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

of intestine were collected at 5, 15, 30 min, 1, 2, 4 h and
processed. Homogenates of luminal and mucosal contents
were analyzed for ferritin and transferrin by specific
sandwich ELISA. Incorporation of radiolabelled iron into
these proteins was studied by imunoprecipitation with
specific antibodies.
Finally, studies were carried out to understand the
sequential movement of iron across intestine under various
iron status conditions. WKY male weanling rats (body
weight 36.8 ± 6.56) were equally (n = 8) distributed into
iron deficient, control and iron overload groups. For iron
overloading, in addition to iron excess diet as mentioned
above, we gave 4 intra-peritonial injections of 1 mL of
imferon, an iron sorbitol citric acid complex in water
(50 mg of iron/mL, Rallies India Ltd, Mumbai, India) at
weekly intervals. After 7 wk, rats were fasted overnight
and given 100 μ Ci of 59FeCl 3 with 0.25 mg of carrier
iron as ferrous sulphate by gavage. Duodenal segment
of intestine were collected at 5, 15, 30 min, 1, 2, 4, 16 h.
The segments were flushed with formalin, cut opened
longitudinally and fixed in 10% neutral formalin for 12 h.
These intestinal segments were rolled longitudinally (Swissroll), and further processed for microautoradiography and
immunohistochemistry.
Western blotting and autoradiography
The protein content was estimated by the method of
Bradford[26]. Both luminal and mucosal proteins (100 μg)
were subjected to 4%-20% PAGE along with rat liver
ferritin as a marker. The separated protein bands were
visualized by autoradiography and probed with ferritin
antibody.
ELISA of ferritin and transferrin
Ferritin and transferrin proteins in the luminal and mucosal
contents were quantified using a specific sandwich ELISA
system developed by us.
Immunoprecipitation
In order to understand the role of different iron binding
proteins during absorption, luminal contents and mucosal
proteins were lyophilized. Duodenal mucosal and luminal
proteins obtained at initial time points (5, 15, 30 min) were
reconstituted and subjected to immunoprecipitation with
ferritin and transferrin antisera. Equal volumes (1 mL) of
duodenal mucosal and luminal proteins (2-4 mg) and 1:32
diluted ferritin and transferrin antisera were incubated
at 37℃ for 1 h and at 4℃ overnight. The specificity of
ferritin and transferrin antisera was demonstrated by
replacing immune serum with non-immune serum in the
immunoprecipitation protocol. The immunoprecipitate
was collected and washed three times with PBS. 59Fe
radioactivity in the fraction was counted in a gamma
counter (Packard Autogamma, Cobra Ⅱ). A known activity
of 59FeCl3 was run with samples to correct for decay and
counting efficiency of the gamma counter.
Preparation of intestinal sections for microautoradiography and immunohistochemistry
An automatic tissue processor (Shandon, Processor
www.wjgnet.com
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2LE) using ascending grades of isopropyl alcohol and
chloroform was used. The processed tissue samples
were embedded in paraffin (58-60℃) using a Leica
tissue-embedding unit. A set of 10 serial sections of
4 μ thickness were taken from each block using ReichertJung 2030 rotary manual microtome. The sections were
mounted on chromalum-gelatin coated glass slides
and further processed for immunohistochemistry and
microautoradiography according to standard procedures.
Microautoradiography
In situ localization of radiolabelled iron was carried out
in dehydrated sections. The sections were processed with
photographic emulsion according to the manufacturer’s
guidelines (Amersham LM-1, Amersham UK). These
sections were stained with hematoxylin, dehydrated and
mounted with DPX mounting medium. For signals,
the sections were viewed under light microscope (Leitz
Ortholux) and photographed.
Immunohistochemistry
Serial sections were used for immunohistochemical
localization of transferrin, transferrin receptor and
ferritin, using respective antisera. The binding of each
antiserum to their respective proteins was done using
Sigma SIH kit. Counter-staining was done with Mayer’s
hematoxylin. Control slides were layered with non-immune
serum instead of primary antiserum. The localization
of the antigen was done using goat anti-rabbit HRPO
conjugate. The comparison of staining intensity and
the quantification of positively stained cells was carried
out under light microscope with the magnification set at
10 ×, 25 × or 40 ×. In addition, the distribution of
intestinal mucosal ferritin, transferrin and transferrin
receptor in relation to iron status was evaluated in human
biopsy specimens.
Human duodenal mucosal biopsy
Endoscopic intestinal (duodenal) biopsy specimens were
collected by a gastroenterologist from 30 males and 6
females attending the Gastroenterology Department
of Gandhi Hospital (Secunderabad, India) for various
upper GI tract related ailments. Informed oral consent
was obtained from all the subjects. All the subjects were
classified based on their hematological and iron status
parameters. Accordingly, a cut off value of hemoglobin
< 13 g/dL for male and < 12 g/dL for female was
classified as anemia, while anemia with serum ferritin
< 12 μg/L as iron deficiency anemia. Biopsy specimens
of 3-4 mm were collected and immediately spread on a
wire mesh. These specimens were then immersed in 10%
neutral buffered formalin solution and processed for
immunohistochemistry of ferritin, transferrin and transferrin
receptor, as described earlier.
Haematological and iron status indicators
Fasting blood samples were collected from rats and
human subjects to estimate haemoglobin and iron status
parameters. Hemoglobin was estimated by an automated
hematology counter (Serono system 9000 Rx). Quantitation
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Figure 1 Ferritin takes up radiolabelled iron in a time dependent manner and has
a direct role in iron absorption: Upper panel: Autoradiogram of duodenal proteins.
Duodenal mucosal proteins (100 mg) obtained after 15 min, 30 min, 1 h after an
oral dose of 7-10 mCi of 59FeCl3 were subjected to 4%-20% PAGE and dehydrated.
The radioactive bands were developed on X-ray film. As shown in the figure, one
radioactive band corresponding to ferritin whose intensity was maximal at 30 min
and then decreased with time. Lower panel: These proteins were subjected to
western blot with ferritin antibody.

of human and rat serum ferritin, rat mucosal, and luminal
ferritin and transferrin was estimated by homologous
sandwich ELISA systems developed by us. Liver iron was
estimated by dry ashing followed by an estimation of iron in
the mineral solution by bathophenathroline method[1].

RESULTS
Initially, a kinetic study was carried out to understand the
in vivo time course of iron absorption of 59Fe given by oral
gavage to rats with normal iron status condition. Specific
activity of duodenal mucosa was found to be highest,
followed by jejunum, ileum and stomach at all time points
studied. The specific activity of 59Fe was found to increase
with time and attained a peak at 30 min in duodenal
mucosa (data not shown).
Ferritin takes up radio-labelled iron in a time dependent
manner and has a direct role in iron absorption
In order to understand the role of fer ritin in iron
absorption, an autoradiogram was performed with proteins
obtained from 60% ammonium sulphate precipitation of
luminal and mucosal fractions after oral administration
of 59Fe. As shown in Figure 1, upper panel, rats with
normal iron status showed a single radioactive protein
band identical to purified rat liver ferritin. The intensity
of the radioactive band associated with ferritin increased
with time and showed maximal band intensity at 30 min
and decreased subsequently with no change in the ferritin
protein band intensity (Figure 1, lower panel). These
results suggested that intestinal ferritin is an important
component of the intestinal iron transport system and
seems to take up iron and facilitate its transfer across the
mucosal cells. Thus these results demonstrate that ferritin
is not just a sink but takes up iron and releases it in a timedependent manner during the absorptive process.
To determine the specific role of iron binding proteins
like ferritin, transferrin and transferrin receptor, rats were
given different amounts of iron. Haematological and
iron status parameters indicated the induction of iron
deficiency and iron overloading in respective groups (data
not shown). Table 1 shows the ferritin and transferrin
concentrations in the intestinal luminal and mucosal
contents of rats with various iron status parameters. The
concentration of ferritin was higher in mucosa than in
the lumen of duodenum in all the groups. In iron excess
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Table 1 Ferritin and transferrin concentrations in rat duodenum
under various iron status conditions
Parameter

Control

Iron deficient

Iron excess

105.8a ± 35.81

228.8c ± 73.54

Ferritin (ng/mg protein)
Lumen
Mucosa

126.0a ± 61.42
c

308.3 ± 123.36

c

256.0 ± 1.19

731.5e ± 191.96

Transferrin (mg/mg protein)
Lumen

10.9b ± 7.6

11.1b ± 10.3

6.8b ± 4.7

Mucosa

0.87d ± 0.79

0.80d ± 1.20

0.61d ± 0.63

Values with different superscript letters within each column and row are
significantly different at a,c,eP < 0.005 for ferritin and b,dP < 0.001 for transferrin
by one way ANOVA (n = 5).

group, there was a significantly higher concentration
of ferritin, both in lumen and mucosa, compared to
deficient and control groups. In contrast, the transferrin
concentration was significantly higher in lumen than in
mucosa within the group and was similar between the
groups.
Reciprocal relationship between luminal transferrin and
mucosal ferritin iron
To understand the interaction between luminal transferrin
and mucosal ferritin after oral administration of 59Fe, rats
were sacrificed at 5, 15 and 30 min. As shown in Figure 2A
the percentage of radioactive iron in duodenal lumen was
found to decrease with time. The highest luminal specific
activity was seen in iron-deficient rats followed by control
and iron excess fed rats. In deficient and control rats, there
was a progressive increase in specific activity while in the
excess iron fed group, the radioactivity was retained at
the site of absorption (Figure 2B). This was supported by
the findings on luminal and mucosal radioactivity, which
showed a faster transit of iron from lumen to mucosa in
iron-deficient and control rats. On the other hand, in the
iron excess fed rats luminal radioactivity showed slower
transit as indicated by increase in the radioactivity from 30
min onwards. The plasma radioactivity during the same
time periods reflected the slower transit of duodenal iron
in iron excess fed rats (plasma specific activity of 150 ±
20 dpm/mL during 15-60 min) which showed no peak in
plasma iron as compared to the iron-deficient and control
groups (plasma specific activity of 700 ± 50 and 400 ±
50 dpm/mL, respectively). The luminal transferrin iron
declined with time in all the groups while that of mucosal
ferritin increased only in deficient and sufficient groups
during the 5-30 min of iron uptake (Figure 2). As shown
in Figure 2B percentage of ferritin bound iron reached a
peak and showed a decline confirming the release of iron
from ferritin in deficient and control groups. In the iron
excess group the percentage ferritin-bound iron did not
change with time, confirming the blockage of iron in this
group.
Microautradiography demonstrate the sequential transfer
of radiolabelled iron
In order to study the in vivo translocation of iron after
oral administration of radiolabelled iron, duodenal
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Figure 2 Reciprocal relationship between luminal transferrin and mucosal ferritin. A: Luminal and mucosal proteins collected after oral administration of 59Fe after various
time intervals were subjected to immunoprecipitation with ferritin and transferrin antibodies. The bar graph represents percentage incorporation of 59Fe in luminal transferrin
(crossed bars) and mucosal ferritin (open bars) of duodenum; B: Percentage of ferritin bound iron out of total protein bound iron with time, in various iron status conditions.

5 min after oral
administration of iron

Table 2 Summary of in situ grading of sequential autoradiographic and immunohistochemical staining signals

15 min-1 h after oral
administration iron
59

Fe

59

Fe

Radioactive Iron status Basal
iron/protein

5 min

15 min

30 min 2h

59

ID
OL

-

SUR+
SUR+++

IE+++
IE±

IE+++
IE±

Tf

ID

IV±

IV++

OL

IV±

IE±
IV±

IE+++
IV++
IE±
IV±

Fe

TfR

ID
OL

SUR±
SUR±

SUR++
SUR++

IE++
SUR+

Fe

ID

IE±
IV±
IE±

-

-

OL

Iron
deficient

59

IE+
IV++

Fe

59

Fe

Control
IE+
-

SUR±
IE±

IE±

IE±
IV+++

59
59

Iron
overload

Fe

Fe

Tf: transfferin; TfR: Transferrin receptor; Fe: Ferritin; ID: Iron deficient; OL:
Iron overload; IE: Intra epithelial; IV: Intra vascular; SUR: Surface; Grading +:
minimal staining; ++: good; +++: intense; –: nil.

segments were processed for microautoradiography under
various iron status conditions. Table 2 shows the grading
of staining intensities of radiolabelled iron, ferritin,
transferrin/transferrin receptor in the iron deficient and
iron excess groups. The radioactivity at 5 min was localized
on the surface of the villi in the iron deficient group
(top left panel ID, 5 min) (Figure 3). Subsequently, the
radioactivity was present in the columnar epithelial cells
(absorptive cells) at the tip of the villi between 15 min to
1 h in iron deficient (top right, panel ID, 15, 30 min, 1 h,
and Table 2). At 2 and 4 h most of the radioactive iron
was seen inside the villi in the lamina propria. A similar
trend was observed in the control group (middle, panel C,
5 min and 15, 30 min, 1 h). However, in iron-overloaded
intestine, high intensity radioactivity was noticed at 5 min
on the surface (bottom left, panel OL, 5 min) but was
minimal signals at 15 and 30 min (bottom right panel OL,
15 min and Table 2). The radioactive signals at 15 and 30
min associated with iron were maximal intraepithelially
in iron-deficient rats and plasma radioactivity indicated
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Figure 3 Microautoradiography demonstrated the sequential transfer of iron:
Microautoradiography of duodenal sections of intestine obtained after oral
administration of 100 mCi of 59FeCl3 and 250 g of carrier iron in iron deficient top
panel (ID), control middle panel (C) and iron overload bottom panel (OL) rats.
These photographs illustrate the progressive transfer of iron into the villi (25 x).

maximum absorption. In iron-overloaded rats the signal
was maximal at 5 min and seen only at the absorptive
surface and retained at the site of absorption (Table 2).
Ferritin appears in the epithelial cells after oral
administration of iron
Immunohistochemistr y with fer ritin antibody
demonstrated that at 5 min, ferritin staining was maximal
intraepithelially in iron-deficient intestine (Figure 4),
while intense staining was seen both intraepithelially and
intravascularly, in iron-overloaded intestine (Figure 4 top
right, panel OL, 5 min Fe). The intensity of staining within
the villi at 1 h (bottom left panel ID-1 h, Fe) was minimal
and similar to that seen at basal status in iron deficient
intestine. On the other hand, the staining intensity was
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Ferritin
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Figure 4 Ferritin appears in the epithelial
cells after oral administration of 59Fe:
Immunohistochemical localization of
ferritin (Fe) in the duodenal sections
of intestine of iron deficient left panel
(ID) and iron overload right panel (OL)
rats at various time points after oral
administration of radioactive iron (25 X).

Ferritin

1 h after oral
administration
of iron

lower in iron-loaded intestine after 15 min indicating the
presence of holoferritin and blocking of iron absorption
(Table 2).
Microautoradiography and immunohistocheminstry with
transferrin and transferrin receptor demonstrates the in
vivo uptake of iron through transferrin receptor
The in situ localization of radioactive iron in the iron
deficient group indicated its presence on the cell surface
(5 min) and then intraepithelially (15, 30 min) in the villi
(Table 2). The intensity of transferrin staining was found to
be maximal at the tip of the epithelial cells at 15 min (Figure 5,
left panel ID 15 min Tf) and subsequently decreased to
basal status. Staining of the blood vessels for transferrin
started to appear from 2 h onwards in ID (bottom left
panel ID, 2 h Tf). The staining for transferrin at 15 min
within the epithelial cells was not observed in iron-overload
group (Table 2). In the iron-overload group, staining due
to transferrin was minimal at 5-30 min (Figure 5B, top
left panel Tf, OL 30 min). In both groups, the transferrin
receptor was localized mainly on the surface of the duodenal
villi, thus demonstrating margination of transferrin receptor
after oral administration of iron (right top panel Figure 5A,
TfR, Basal). This, however, at 15 min was internalized at
the tip of the epithelial cells along with iron and transferrin
(Figure 5A). After 2hr TfR reappeared on the surface of the
villi in the iron deficient (Figure 5A, middle right panel, TfR,
ID, 15 min, 2 h) demonstrating the in vivo receptor recycling.
In contrast, in the iron-overload group TfR was seen only
at the surface even at 30 min and 1 h (Figure 5B, bottom
panel, TfR, OL, 15 min, 1h) showing no internalization of
receptor.
The radioactive signals at 15 min were maximal
intraepithelially in the iron deficient group. During this
time period, transferrin and its receptor were also colocalized maximally within the epithelial cells (Figure 5C).
The intensities of both these proteins subsequently

diminished and minimal staining was seen at the margin
of the absorptive surface. The intensity of transferrin
receptor staining was maximal along the entire margin
during different time points in the iron-overloaded
intestine. This was a striking difference between the two
extreme conditions. Microautoradiography along with the
immunohistochemistry of ferritin and the transferrin/
transferrin receptor demonstrated the in vivo internalization
of transferrin and its receptor along with radiolabelled iron
and recycling of the receptor to the surface. This clearly
shows a transferrin-mediated iron uptake at the absorptive
surface of the rat intestine.
Staining intensity of ferritin, transferrin/ transferrin
receptor in human duodenal biopsy under different iron
nutritional status
In addition, we have performed immonohistochemistry
of ferritin, transferrin/transferrin receptor in human
duodenal biopsy specimens collected from various iron
status conditions. All the subjects were classified according
to their indicators of iron status such as haemoglobin,
serum ferritin (Table 3). According to these parameters, 13
of them belonged to normal group, 6 had iron-deficient
anemia, 14 anemia, one each had blood transfused, iron
injected and iron given orally as supplement. Representative
immunohistochemical images for ferritin, transferrin and
transferrin receptor of duodenal biopsy from normal, iron
deficient anemia and blood transfused are given in Figure 6.
The staining intensity for ferritin varied according to iron
status and thus staining was +++ normal (top left), ±
iron deficient (middle left panel Fe ID) and ++ in blood
transfused (Figure 6 bottom left panel Fe BT) subjects.
The intensity of transferrin staining was also similar to that
of ferritin staining in normal, iron-deficient and in blood
transfused subjects (center top, middle and bottom panels
respectively). The transferrin receptor on the other hand,
stained more intensely with a grading score of (+++) in
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B
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C
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Transferrin
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Figure 5 Microautoradiography and immunohistocheminstry with transferrin and transferrin receptor demonstrates the in vivo uptake of iron through transferrin receptor.
A: Immunohistochemical localization of transferrin left panel (Tf) and transferrin receptor right panel (TfR) in the duodenal sections of intestine of iron deficient rat (ID); B:
transferrin stain in iron over loaded rat (top panel) (OL)at basal status and tranferrin receptor on the surface of the epithelial cells showing no internalization(bottom panel)
in iron overloaded condition after oral administration of radioactive iron (10X); C: Co-localization of iron, transferrin and transferrin receptors in the duodenal sections of
intestines of iron deficient rats obtained 15 min after oral administration of radioactive iron. Microautoradiographic localization of iron immunohistochemical localization of
transferrin transferring receptor.
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Table 3 Classification of human subjects according to iron status indicators
Sex

No

Age (yr)

Hb (g/dL)

PCV

RBC M/cu mm

Serum ferritin (mg/L)

Normal

M
F

12
1

36.5 ± 10.6
7.2

14.8 ± 0.9
12.4

44.5 ± 3.3
36

5.8 ± 0.7
4.5

43 ± 22.1
71.7

Iron deficient anemia

M
F
M

4
2
10

24.5 ± 20.9
20.5
44.3 ± 16.5

7.4 ± 2.6
7.3
11.1 ± 1.64

23.3 ± 9.0
26.5
33.6 ± 5.2

4.1 ± 1.7
3.5
4.5 ± 1.4

7.2 ± 4.0
6.5
75.3 ± 32.2

Anemia

F

4

21 ± 6.6

6.8 ± 3.0

20.8 ± 9.0

2.1 ± 1.2

57.4 ± 13.4

Iron supplements
Blood transfusion
Iron injection
Oral iron

F
M
F
F

1
1
1

32
32
20

9.5
8.4
9.7

29
27
30

4.7
4.3
3

28.6
101
38

Values are mean ± SD. Cut off values for defining deficiency, Hb: Male < 13 g/dL, Female < 12 g/dL, serum ferritin < 12 mg/L.

Ferritin-fe			

Transferrin-Tf			

Transferrin receptor-TfR

Tf

Fe

TfR

Normal

Tf
TfR

Fe
ID

Fe

Tf

BT

Figure 6 Staining intensity of ferritin, transferrin and transferrin receptor in human duodenal biopsy under different iron nutritional status: Immunohistochemical localization
of ferritin (Fe), transferrin (Tf) and transferrin receptor (TfR) in the duodenal biopsy sections of normal (top panel, N), iron deficient (middle panel, ID) and blood transfused
(bottom panel, BT) human subjects. Staining intensity; ± represents Light, + normal, ++ good, +++ intense.

the iron-deficient subjects (Figure 6 middle right panel ID
TfR) compared to + in normal (top right panel, TfR) and
blood transfused subjects (bottom right panel BT TfR).

DISCUSSION
Ferritin, transferrin and transferrin receptor are the
important proteins that regulate iron homeostasis in almost
all the cells. However, the actions of these proteins in the

absorptive cells remain unclear. Data on the role of these
proteins were obtained mainly by studying one protein at
a time. By attempting to sequence serially the role of these
proteins together, during intestinal uptake, we were able to
provide evidence for in vivo receptor mediated uptake of
iron.
The radioactive signals at 15 to 30 min associated with
iron were maximal intraepithelially in iron deficient rats.
Along with iron, both transferrin and transferrin receptor
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were co-localized at this time. The intensities of both
these proteins were subsequently decreased and minimal
amounts were seen at the margin of absorptive surface
in iron deficient intestine. In addition, ferritin appeared
intraepithelial in iron deficient and control groups,
suggesting its modulation during the absorptive phase.
Presence of most of the radiolabelled signal only on
absorptive surface at 5 min and beyond in iron-overloaded
rats suggest its restricted entry into the duodenum due to
the presence of mucosal holo ferritin. This is supported
by the intense ferritin staining seen both intraepithelial
and intravascular in iron overloaded intestine, especially
during absorptive phase and beyond. Further, the presence
of transferrin receptor along the entire margin during
different phases of iron uptake suggests no internalization
of transferrin receptor in iron excess condition.
It is interesting to note that the concentration of
mucosal ferritin and the iron associated with it was similar
in control and iron deficient groups, and was significantly
lower than that seen in the excess iron fed group. This
could be due to the regulatory role of mucosal ferritin at
the site of adsorption in the case of iron excess, while in
the case of normal and iron deficient duodenum it could
release the incorporated iron.
A positive relationship between in situ localization of
ferritin and better iron status was demonstrated in rats and
humans. The results on autoradiography of rat duodenal
mucosal and luminal preparations suggests that intestinal
ferritin takes up iron and releases it in a time dependent
manner during the absorptive process. This is supported
by the findings on localization of iron in the duodenal
mucosa during absorption which showed a positive
relationship, with better iron status at 5 min and a negative
relationship at 15 min-1h. Similarly in human subjects, the
intensity of ferritin staining was lowest in iron deficient
subjects, highest in normal subjects and in between in the
case of the blood transfused subjects. These observations
suggest that mucosal ferritin is an important component
of the intestinal iron transport system which takes up iron
and facilitates its transfer across the mucosal cells
The studies of Miyoshi et al[27] support the presence of
ferritin in duodenum. Their studies showed accumulation
of iron in the apical area of duodenal villous cells with
in ferritin. The presence of maximal 55Fe radioactivity
at 5 min over the brush border and terminal web was
demonstrated by Bedard et al[28]. They observed that during
the next 3 h, radioactivity was present almost exclusively
in absorptive cells and in lamina propria. In contrast,
Conrad and Crosby[29] observed very little radioactivity
in the small intestinal mucosa of iron-depleted and iron
overload rats from 2-48 h after gastric administration of
59
Fe. This discrepancy may be due to the fact that they did
not included time points earlier than 2 h. Because it is an
inducible protein, it is possible that ferritin expression at
the sites of absorption may be related to the iron status.
This suggests that iron absorption is probably dependent
on the relative concentrations of mucosal apo and holo
ferritins, and is inhibited in conditions of iron overload
and enhanced in iron deficiency.
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Quantitatively, the amount of transferrin in the
lumen is 10 times higher than that of mucosa and is
not dependent on iron nutritional status (Table 1). The
observation on identical amounts of luminal transferrin,
irrespective of iron nutritional status, implies that this
protein may be presenting equal amount of iron for
absorption. The net amount of iron, which is taken up
by the mucosa, thus depends on mucosal transferrin
receptors. Duodenal mucosal transferrin receptor showed
reciprocal relationship with iron status. The significance
of this may be to present equal amounts of iron for
absorption through binding to luminal transferrin.
Consequently, the amount of iron absorbed by the mucosa
may depend only on the mucosal transferrin receptor
which has inverse relationship with better iron status.
Huebers et al[8,15] suggest that luminal transferrin acts as
a shuttle protein for iron uptake. Autoradiographic studies
by Conrad and Crosby[30] and Bedard et al[28] also suggest
that intestinal crypt cells are able to take up transferrinbound iron from circulation. According to some other
investigators, however, transferrin is unlikely to be a
major transporter of iron from lumen to the baso-lateral
membrane[31-33]. According to Idzerda[34], the transferrin
gene is not expressed in the intestine and, therefore,
cannot be synthesized. Thus, it is possible that the luminal
transferrin may be imported from plasma, as hypothesized
by Parmley et al[19] .
Although the receptor mediated cellular uptake of
iron is well known and takes place in all dividing cells,
such a mechanism operating in the intestine has not
been documented earlier. The results of this study, in
conjunction with earlier observations[5,35-37], allow us to
propose a model for intestinal iron absorption whereby.,
the recycling of transferrin and transferrin receptors
enables luminal transferrin bound iron to enter the
enterocytes. The receptor density at the absorptive surface,
which is inversely proportional to better iron nutritional
status, might regulate this iron uptake process.
The presence of transferrin and its receptor on the
margin during basal condition, and the appearance of both
the receptor and the ligand at 15 min intraepithelially along
with the radiolabelled iron in iron depleted rat intestine,
support the above model. The appearance of TfR after 2
h on the margin of villi suggests that the receptor protein
returned to the surface after releasing iron. In contrast,
there was no evidence of intraepithelial transferrin and
transferrin receptor in iron overloaded intestine, as
evidenced by the presence of receptor on the margin even
at 30 min.
Though the staining intensity of transfer rin in
duodenal section was high in control subjects, there was
no obvious difference between iron deficient subject and
blood transfused subjects. Staining for transferrin was
intense in the apical portion and blood vessels, while
that of transferrin receptor was more concentrated at
the epithelial lining of duodenum (Figure 6). The higher
intensity of transferrin receptor in iron deficient subjects
and minimal in control and blood transfused subjects
suggests a role for it in iron absorption. This is supported
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by the reciprocal relationship observed between transferrin
receptor and ferritin staining. Similar finding on TfR
staining at the margin of the villi was observed by Banerjee
et al[36] . The ultrastructural studies of Levine et al[31] have
shown that transferrin receptor and transferrin are colocalized in coated pits on the basal and lateral membranes
of crypt cells. Further, Anderson et al[35] confirmed that
the TfR is a prominent protein on the basal and lateral
membranes of intestinal epithelial cells.
The above findings, along with earlier observation,
suggest that luminal transferrin must be presenting equal
amount of iron for absorption since this protein does
not respond to iron status. The net amount of iron taken
up by mucosa depends on mucosal transferrin receptors,
which respond reciprocally with better iron status. These
results suggest that mucosal ferritin, luminal transferrin
and mucosal cell surface transferrin receptors are closely
related to iron status and interact with each other in
carrying iron across the intestinal mucosa.
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(71% ± 15% vs 52% ± 13%, P < 0.05). There was no
significant difference in insulin release upon low glucose
stimulation (2.8 mmol/L) among Ad-HO-1 transfected
group, Ad-EGFP transfected group, and control group (P
> 0.05), while when stimulated by high glucose (16.7
mmol/L) solution, insulin release in Ad-HO-1 transfected
group was significantly higher than that in Ad-EGFP
transfected group and control group, respectively (12.50
± 2.17 mIU/L/30IEQ vs 8.87 ± 0.65 mIU/L/30IEQ; 12.50
± 2.17 mIU/L/30IEQ vs 9.63 ± 0.71 mIU/L/30IEQ, P <
0.05). The SI of Ad-HO-1 transfected group was also
significantly higher than that of Ad-EGFP transfected
group and control group, respectively (2.21 ± 0.02 vs 2.08
± 0.05; 2.21 ± 0.02 vs 2.11 ± 0.03, P < 0.05).
CONCLUSION: The viability and function of rat islets
decrease over time in in vitro culture, and heme
oxygenase-1 gene transfer could improve the viability
and function of cultured rat islets.

Abstract

© 2007 The WJG Press. All rights reserved.

AIM: To investigate the influence of heme oxygenase-1
(HO-1) gene transfer on the viability and function of
cultured rat islets in vitro.

K e y w o r d s : Islet viability; Islet function; Heme
oxygenase-1; Gene transfer; Adenoviral vectors

METHODS: Islets were isolated from the pancreata of
Sprague-Dawley rats by intraductal collagenase digestion, and purified by discontinuous Ficoll density gradient
centrifugation. Purified rat islets were transfected with
adenoviral vectors containing human HO-1 gene (AdHO-1) or enhanced green fluorescent protein gene (AdEGFP), and then cultured for seven days. Transfection
was confirmed by fluorescence microscopy and Western
blot. Islet viability was evaluated by acridine orange/
propidium iodide fluorescent staining. Glucose-stimulated
insulin release was detected using insulin radioimmunoassay kits and was used to assess the function of islets.
Stimulation index (SI) was calculated by dividing the
insulin release upon high glucose stimulation by the
insulin release upon low glucose stimulation.
RESULTS: After seven days culture, the viability of
cultured rat islets decreased significantly (92% ± 6% vs
52% ± 13%, P < 0.05), and glucose-stimulated insulin
release also decreased significantly (6.47 ± 0.55 mIU/
L/30IEQ vs 4.57 ± 0.40 mIU/L/30IEQ, 14.93 ± 1.17
mIU/L/30IEQ vs 9.63 ± 0.71 mIU/L/30IEQ, P < 0.05).
Transfection of rat islets with adenoviral vectors at an
MOI of 20 was efficient, and did not impair islet function.
At 7 d post-transfection, the viability of Ad-HO-1
transfected islets was higher than that of control islets
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INTRODUCTION
Diabetes affects more than 200 million people worldwide[1].
The mainstay treatment for type Ⅰ diabetic patients is
chronic insulin injection. While exogenous insulin therapy
has dramatically reduced mortality in diabetes, patients
often succumb to the long-term sequelae of diabetic
angiopathy, either in the form of nephropathy, neuropathy
or retinopathy. Vascularized pancreas transplantation
reliably restores normoglycemia and maintains longterm glucose homeostasis, but it has significant surgical
morbidity and mortality[2]. In 2000, with the success of
the ‘Edmonton protocol’, which had produced insulin
independence in 85% of type Ⅰ diabetic patients one year
after allogeneic islets transplantation combined with a nonsteroid immunosuppressive regimen, islet transplantation
has progressed from research to clinical reality[3].
www.wjgnet.com
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The technique to maintain isolated islet preparations
in tissue culture has been adopted by most islet transplant
centers. Islet culture for a brief period (24 to 72 h) has
emerged as the current standard procedure prior to clinical
transplantation[4,5]. It offers advantages over immediate
infusion post-isolation, enabling assessment of islet
quality and safety, and reducing islet immunogenicity
as well as recipient travel to the transplantation site and
immunosuppression before transplantation[6]. But in vitro
culture of islets has been shown to result in loss of viable
tissue over time, and a decrease in glucose responsiveness
has been observed in those islets which survive[7,8].
Several phenomena, including activation of free
radicals, apoptosis and necrosis, may be responsible for
these effects. Therefore, approaches towards enhancing
islets resistance to these insults would facilitate both
clinical and investigative trials. As a cellular graft, islets are
especially suited for gene therapy. An attractive strategy for
protecting islets in in vitro culture is to use gene therapy to
transduce islets with cytoprotective genes that can make
islets more resistant to injury.
Heme oxygenase-1 (HO-1) is the rate-limiting enzyme
in the heme degradative pathway that catalyzes the oxidation
of heme into biliverdin, carbon monoxide (CO), and free
iron[9,10], and it has been described as a ubiquitous inducible
stress protein capable of cytoprotection via radical
scavenging and apoptosis prevention. Overexpression of
HO-1 by chemical induction or gene therapy has been
used to reduce the deleterious effects of oxidative stress
and apoptosis in various cell types and animal models[11-14].
Compared with chemical induction, gene transfer
can provide effective, targeted, and relatively persistent
expression of HO-1. The aim of the present study was
to investigate the influence of HO-1 gene transfer on
the viability and function of cultured rat islets, and to
explore the potential value of HO-1 gene transfer in islet
transplantation.

MATERIALS AND METHODS
Animals
Twenty male Sprague-Dawley rats weighing 250 to 300 g
were purchased from Shanghai Experimental Animal
Center of Chinese Academy of Sciences.
Rat islet isolation and culture
Rat islets were isolated from the pancreata of the outbred
male Sprague-Dawley rats by a collagenase digestion
technique and discontinuous Ficoll density gradient
centrifugation [15]. The main bile duct was located and
clamped at both ends. Ten milliliters of collagenase P
(Roche Applied Science, Indianapolis, Ind, USA) solution
(1 g/L, pH 7.8) was injected into the duct and then the
distended pancreas was surgically resected, and incubated
at 38℃ for 15 min. The digested gland was vigorously
shaken for 10 s and the digestion was stopped by Hank’s
solution (4℃) with 100 mL/L fetal calf serum (Gibco,
BRL, USA). The tissue was filtered through a 600 μm
screen, and then washed by Hank’s solution twice. Islets
were purified by centrifugation at 3000 r/min for 20
min on discontinuous Ficoll (Pharmacia Fine Chemicals,
www.wjgnet.com
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Uppsala, Sweden) gradients. After several washes with
Hank’s solution, islets were suspended in RPMI-1640
medium (Gibco, BRL, USA) containing 100 mL/L fetal
calf serum (Gibco, BRL, USA), 20 mmol/L HEPES
(Sigma-Aldrich Chemicals, Louis Mo, USA), 100 kU/L
of penicillin and 100 g/L of streptomycin at 37℃ in a
humidified atmosphere of 50 mL/L CO2. Islets purity was
assessed by dithizone (Sigma-Aldrich Chemicals, Louis
Mo, USA) staining, and islets were counted and scored in
size. An algorithm was used for the calculation of 150 μmdiameter islet equivalent number (IEQ).
Adenoviral vectors
Adenoviral vectors were prepared by use of the AdEasy
system (Stratagene, Baltimore, USA). Human HO-1 cDNA
was cloned into pAdTrack-CMV. Once constructed,
the shuttle vector was linearized with Pme I and cotransformed into E. coli BJ5183 together with pAdEasy-1,
the supercoiled viral DNA plasmid. Transfor mants
were selected on kanamycin and the recombinants were
subsequently identified by restriction digestion. Once a
recombinant was identified, it was produced in bulk using
the recombination-deficient XL10-Gold® strain. Purified
recombinant adenoviral plasmid DNA was then linearized
by Pac I to expose its inverted terminal repeats (ITR) and
transfected into HEK293 cells where deleted viral genes
necessary for virus assembly were complemented in vivo.
The pAdEasy-1 vector will not replicate in cells other
than complementing cells (293 cells). This vector has been
developed to infect but not replicate in non-permissive
target cells. Ad-EGFP was generated using the same
system and supplied by the Institute of Genetics of Fudan
University. Viral titers were determined by plaque assay
and expressed as plaque forming units per mL (pfu/mL).
Viral titers of Ad-HO-1 and Ad-EGFP were 1.96 × 109
and 1.99 × 109 pfu/mL, respectively.
Adenovirus infection
Aliquots of 30 IEQ were resuspended in 0.5 mL serumfree culture medium and placed in a 24-well culture plate
and incubated with Ad-HO-1 and Ad-EGFP vectors at
a multiplicity of infection (MOI) of 20 at 37℃ for 4 h
with agitation every 1 h. MOI was calculated using the
assumption that islets contain on average 1000 cells. After
infection, islets were washed twice with culture medium
and incubated for at least 48 h before further analysis
to allow for transgene expression. Control islets were
mock infected. Mock infected islets underwent a similar
procedure, but were not exposed to viruses during the
incubation period and were not incubated with any vectors.
Western blot analysis
Islet cells (48 h post-transfection) were washed with
cold phosphate buffered saline (PBS) and lysed in 2%
SDS, Tris-HCl 60 mmol/L (pH 6.8) buffer, incubated at
95℃, sonicated in a water bath at 37℃ and centrifuged
at 12 000 r/min for 15 min. Assessment of the total
protein content was carried out with the BCA detection
kit (Pierce Biotechnology, Rockford, IL, USA). Aliquots
corresponding to 100 μ g of protein were subjected
to electrophoresis on a 15% SDS-PAGE pre-cast gel
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Figure 1 Purity and viability of
freshly isolated rat islets. A: Islets
stained with DTZ (red staining
indicates islets; islet purity was
above 90%); B: Islets stained with
AO/PI (green staining indicated live
cells, red staining indicated dead
cells; islet via bility was above 90%).
Bar = 150 μm, × 200 magnification.

B

and transferred electrophoretically to a nitrocellulose
membrane. The membranes were incubated with 50 g/L
non-fat dry milk in TBS (20 mmol/L Tris, 500 mmol/L
NaCl, pH 7.5) overnight at 4℃ to block non-specific
binding. The blots are then incubated with the murine
antihuman HO-1 monoclonal antibodies (StressGen,
Victoria, BC, Canada) at a dilution of 1:200 for 2 h at
room temperature; this was followed by a 1 h incubation with
the AP-conjugated rabbit antimouse polyclonal antibody
(Promega, USA) at a dilution of 1:1000. The protein
bands were visualized by the NBT + BCIP staining system
(Haoyang Biological Manufacture Co, Ltd, Tianjin, China).
Islet viability
Islet viability was evaluated by acridine orange (AO)/
propidium iodide (PI) (Sigma-Aldrich Chemicals, Louis
Mo, USA) fluorescent staining. The fluorescent dye,
containing 10 μ L AO (670 μ mol/L) and 1mL PI (750
μmol/L), was used at a 1:10 dilution. After the islets were
washed twice with Hank’s solution, the fluorescent dye
was added to each well. Ten minutes later, islets were
analyzed under a fluorescence microscope. Living cells
were identified by green staining (AO), whereas dead cells
showed a brown-red staining (PI).
Islet function
In vitro function of freshly isolated islets and cultured islets
was assessed by glucose-stimulated insulin release. Islets
of different groups were washed with PBS twice, and
incubated first in low (2.8 mmol/L) and then in high (16.7
mmol/L) concentrations of glucose in culture medium.
The static incubation assay was performed in a 24-well flatbottomed culture plate with 30 IEQ/well and 3 duplicate
wells for each islet group. Supernatant from each well was
collected after each 1 h incubation, and the concentration
was measured using an insulin radioimmunoassay kit
(Jiuding Biotech Co, Ltd, Tianjin, China). Stimulation
index (SI) was calculated by dividing the insulin release
upon high glucose by the insulin release upon low glucose
stimulation.
Statistical analysis
Data are expressed as mean ± SD. Statistical and graphical
analysis was perfor med with software of SPSS10.0.
Analyses were performed using the two-tailed Student’s
t-test where appropriate.

16.7 mmol/L
2.8 mmol/L

18
16
Insulin (mIU/L/30IEQ)
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Figure 2 Effect of culture on glucose-stimulated insulin release. The insulin
release upon either high or low glucose stimulation decreased conspicuously after
seven days culture, P < 0.05

RESULTS
Purity and viability of freshly isolated rat islets
The purity of freshly isolated islets was above 90%
calculated from the ratio of dithizone stained cells to
dithizone nonstained cells as a percentage of the total cell
number (Figure 1A). The viability of freshly isolated islets
was above 90% calculated from the ratio of AO staining
cells (living cells) to PI staining cells (dead cells) as a
percentage of the total cell number (Figure 1B).
Effect of in vitro culture on insulin release
The glucose-stimulated insulin release was used to assess
the function of cultured rat islets. As shown in Figure 2,
after 7 d culture, the insulin release upon low and high
glucose stimulation decreased from 6.47 ± 0.55 to 4.57 ±
0.40 mIU/L/30IEQ, and from 14.93 ± 1.17 to 9.63 ± 0.71
mIU/L/30IEQ, respectively. In other words, islet function
decreased conspicuously over time in in vitro culture.
Exogenous gene expression in adenovirus-transduced rat
islets
Typical fluorescence micro-photographs of rat islets
transfected with Ad-EGFP at an MOI of 20 were taken
at 48 h post-transfection. As shown in Figure 3A and
B, the fluorescence in Ad-EGFP transfected islets was
intense. Western blot was used to detect the expression
of human HO-1 protein in three groups of islets. Figure
4 shows that human HO-1 protein was detected in AdHO-1 transfected islets but not in uninfected or Adwww.wjgnet.com
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Figure 4 Western blot for hHO-1. Islets infected with Ad-HO-1, Ad-EGFP, or
mock infected for 48 h were examined by Western blot. HO-1 expression was
only detected in Ad-HO-1 group. A: control group; B: Ad-HO-1 group; C: Ad-EGFP
group.

EGFP transfected islets. Therefore, adenovirus mediated
exogenous gene transfer into rat islets was successful.
Effect of HO-1 gene transfer on the viability of cultured rat islets
The viability of islets was assessed by AO/PI fluorescent
staining.
Representative pictures are shown in Figure 5. The
viability of control islets was greatly reduced as shown by
the large number of dead cells within the islets (Figure
5A). Nevertheless, the number of dead cells was reduced
when islets were transfected with HO-1 gene (Figure
5B). Quantitative analysis of islet viability was performed
by using fluorescence microscopy to deter mine the
proportion of living cells within islets. As shown in Figure
5C, islet viability decreased greatly after 7 d culture (92%
± 6% vs 52% ± 13%, P < 0.05), but HO-1 gene transfer
could reverse the viability reduction (71% ± 15% vs 52% ±
13%, P < 0.05).
Influence of adenoviral transfection on insulin release
Since adenoviral transfection at a high transfecting
dose may damage islets and interfere with their biologic
function [16] , glucose-stimulated insulin release was
employed to evaluate the inf luence of adenoviral
transfection at an MOI of 20 on insulin release. As shown
in Figure 6, there was no significant difference in glucosestimulated insulin release between Ad-EGFP transfected
islets and control islets at 7 d post-transfection (4.30 ±
0.40 vs 4.57 ± 0.40 mIU/L/30IEQ, 8.87 ± 0.65 vs 9.63 ±
0.71 mIU/L/30IEQ, respectively). It demonstrated that
adenoviral transfection at an MOI of 20 was safe for islets.
Effect of HO-1 gene transfer on the function of cultured rat
islets
After 7 d culture post transfection, the insulin release
upon low and high glucose of uninfected (control islets),
www.wjgnet.com
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Figure 3 Ad-EGFP transduced
islets. Microphotographs were
taken at 48 h post-transfection (A,
B). Fluorescence was intense at an
MOI of 20 (B). Bar = 200 μm, × 100
magnification.
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Ad-EGFP transfected, and Ad-HO-1 transfected islets
were 4.57 ± 0.40 vs 9.63 ± 0.71 mIU/L/30IEQ, 4.30 ±
0.40 vs 8.87 ± 0.65 mIU/L/30IEQ, 5.67 ± 0.99 vs 12.50
± 2.17 mIU/L/30IEQ, respectively. SI of control group,
Ad-EGFP group, and Ad-HO-1 group were 2.11 ±
0.03, 2.08 ± 0.05, 2.21 ± 0.02, respectively. As shown in
Figures 6 and 7,the insulin release upon high level glucose
stimulation and SI of Ad-HO-1 transfected islets were
significantly higher than those of Ad-EGFP transfected
islets and control islets(P < 0.05).Therefore, HO-1 gene
transfer can improve the function of cultured islets.

DISCUSSION
With recent advances in techniques of islet isolation and
the introduction of more potent and less diabetogenic
immunosuppressive therapies, islet transplantation has
progressed from research to clinical reality, and it has
been regarded as a safe and viable route to achieve insulin
independence in a population of patients with type Ⅰ
diabetes [3] . Many transplant protocols incorporate a
period of short-term (24 to 72 h) islet culture before
transplantation for the recipient to be treated with
immunodepleting agents[4,5,17,18], and to provide time for
in vitro assessment of islet quality. Short-term islet culture
indeed has some benefits, such as purification of the islet
preparation, immunomodulation[6], and possibly improved
allograft survival. However, cultured islets are known
to degrade rapidly[19,20], and lose viability and functional
responsiveness to glucose stimulation with the extension
of culturing time[7,8]. Islet loss as high as 30% to 50% has
been reported after 48 hours of culture[21].
The islet, once removed from its natural surroundings
within the pancreas and placed within the alien
environment of the culture plate, becomes deprived
of normal physiological organization and exposed to a
number of hostile factors, such as hypoxia, activation
of free radicals, apoptosis and necrosis that cause its
premature demise. The quality of the transplanted islets
is of the utmost importance to successfully achieve
nor mal levels of glucose in transplant recipients,
therefore, preservation of viability and function of islets
post-isolation is a pre-requisite in islet transplantation.
Pancreatic islets, as a cellular graft, are especially suited for
gene therapy, as they can be infected efficiently ex vivo and
then transplanted with minimal systemic exposure of the
recipient to the vector.
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Figure 5 Effect of HO-1 gene transfer on the viability of cultured rat islets. At 7 d post-transfection, the control group showed the presence of numerous dead cells (red)
at the center of the islets (A), while the Ad-HO-1 group showed more living cells (B). Bar = 200 Um, × 100 magnification. The islet viability was decreased greatly after 7 d
culture (P < 0.05), whereas HO-1 gene transfer could reduce the loss of islet viability (P < 0.05).
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Figure 6 Effect of HO-1 gene transfer on insulin release of cultured rat islets. At
7 d post-transfection, no significant difference in glucose-stimulated insulin release
was detected between Ad-EGFP transfected islets and control islets, however,
the insulin release upon high glucose stimulation of Ad-HO-1 transfected islets
was significantly higher than that of Ad-EGFP transfected islets and control islets,
P < 0.05.

HO-1 has been identified as a ubiquitous stress protein
induced in many cell types by various stimulants, such as
hemolysis, inflammatory cytokines, oxidative stress, heat
shock, heavy metals, and endotoxin[22]. HO-1 is the ratelimiting enzyme of heme degradation into its byproducts
biliverdin, CO, and iron [9,10]. Biliverdin is subsequently
reduced into bilirubin, a powerful anti-oxidant, and it may
inhibit the generation of reactive oxygen species[23].
CO has a cytoprotective role in different systems[24-26],
including pancreatic β -cells [27] . Heme catabolism by
HO-1 also releases free iron, which has the potential
to exacerbate the cytotoxic effects of reactive oxygen
species[28,29].
However, generation of intracellular free iron
upregulates the expression of ferritin[28,29], which has a high
capacity to store free iron[29]. Ferritin has been shown to
protect endothelial cells against activated neutrophils as
well as H2O2-mediated cytotoxicity[29], suggesting that some
of the effects of HO-1 may be mediated by ferritin[28,29].
As HO-1 is not expressed constitutively, it has been
demonstrated that overexpression of HO-1 by chemical
induction can protect islet cells from apoptosis and
improve in vivo function after transplantation[22]. Compared
with chemical induction, gene transfer can provide
effective, targeted, and relatively persistent expression of
HO-1.
Adenoviral vectors are useful for efficient gene delivery

Ctrl

EGFP

HO-1

Figure 7 Effect of HO-1 gene transfer on stimulation index of cultured rat islets.
The SI of Ad-HO-1 transfected islets was significantly higher than that of Ad-EGFP
transfected islets and control islets, P < 0.05.

to differentiated and non-proliferating cells, such as
isolated pancreatic islets[30]. In addition, adenoviral vectors
can be produced in high titers and there is no risk of
insertional mutagenesis as their genomes are not integrated
into chromosomes. In the present study, recombinant
adenoviral vectors were generated by use of the AdEasy
system, and employed to transfect rat islets at an MOI of
20. According to fluorescence photographs taken at 48 h
post-transfection, the expression of EGFP was intense.
Furthermore, human HO-1 protein was detected by
Western blot in Ad-HO-1 transfected islets at the same
time. This demonstrated that recombinant adenoviral
vectors were efficient to deliver exogenous genes into
rat islets in vitro. Insulin release upon glucose stimulation
was a measure of islet function, which was a prerequisite
to any gene therapy program for diabetes treatment by
islet transplantation[31]. In our experiments, no significant
difference in glucose-stimulated insulin release was
detected between Ad-EGFP transfected islets and control
islets at 7 d post-transfection. This is consistent with the
results reported by others showing that adenoviral vectors
at a low transfecting dose (MOI 20) provided effective
transfer of a marker gene into islet cells without impairing
cell function[16].
Even though many clinical islet transplant protocols
culture islets for only 24 to 72 h, islets were cultured for
seven days in our study. This culture period was selected
to minimize the effects of isolation factors on islet
function, while maximizing the effect of culture. After
www.wjgnet.com
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seven days culturing, the insulin release upon either low or
high concentration glucose stimulation was significantly
lower than that of freshly isolated islets (P < 0.05). This is
consistent with previous reports showing that islet function
degrades in in vitro culture over time. Nevertheless, the
insulin release upon high concentration glucose stimulation
and stimulation index (SI) of Ad-HO-1 transfected
islets were significantly higher than those of Ad-EGFP
transfected islets and control islets (P < 0.05). As glucosestimulated insulin release was a favourable marker of the
function of islets, our study demonstrated that HO-1
gene transfer conferred cytoprotection and improved
islet function in in vitro culture. This was probably related
to the effect of CO, which was not only a stimulator of
insulin release but also a trigger of the transients of [Ca2+]
i assumed to coordinate the secretory activity of the
[32]
β-cells . Furthermore, results of fluorescence microscopy
studies with AO/PI staining indicated that HO-1 gene
transfection significantly improved islet viability and
survival during in vitro culture.
Despite the efficient transfection capacity of adenoviral
vectors, the transgene cannot integrate into the host cell
genome, leading to transient transgenic expression. In our
study, we found that the EGFP expression time in cultured
islets was more than 3 wk (data not shown). However, for
some therapeutic strategies, such as islet cytoprotection
in in vitro culture or early after transplantation, temporal
expression of the cytoprotective transgene mediated by
adenoviral vectors is still recommended because the factors
related to early islet injury usually play a major role in the
outcome of islet transplantation.
In summary, we demonstrated that adenoviral vectors
could successfully transfer exogenous HO-1 gene into rat
islet cells, and HO-1 gene transfer could improve rat islet
viability and function in in vitro culture. Strategies using
HO-1 gene transfer to islets might lead to better outcome
in islet transplantation.
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Abstract
AIM: To study the induction of T cellular immune
responses in BALB/c mice immunized with uric acid and
dendritic cells (DCs) pulsed with hepatitis B virus surface
antigen (HBsAg).
METHODS: DCs were generated from bone-marrow
cells of BABL/c mice, and then pulsed or unpulsed with
HBsAg protein (HBsAg-pulsed-DCs or unpulsed-DCs) in
vitro. BABL/c mice were immunized with HBsAg-pulsed6
DCs (1 × 10 ) and uric acid, injected through the tail
vein of each mouse. The mice in control groups were
immunized with HBsAg-pulsed-DCs alone, unpulsedDCs alone or 200 μ g uric acid alone or PBS alone.
The immunization was repeated 7 d later. Cytotoxic T
lymphocytes (CTLs) in vivo were determined by the
CFSE labeled spleen lysis assay. Spleen cells or spleen T
cells were isolated, and re-stimulated in vitro with HBsAg
for 120 h or 72 h. Production of IFN-γ and IL-4 secreted
by spleen cells were determined by ELISA method;
proliferation of spleen T cells were detected by flow
cytometry.
RESULTS: The cytotoxicities of HBsAg-specific-CTLs,
generated after immunization of HBsAg-pulsed-DCs
and uric acid, were 68.63% ± 11.32% and significantly
stronger than that in the control groups (P < 0.01).
Compared with control groups, in mice treated with
uric acid and HBsAg-pulsed-DCs, the spleen T cell
proliferation to HBsAg re-stimulation was stronger (1.34
± 0.093 vs 1.081 ± 0.028, P < 0.01), the level of IFN-γ
secreted by splenocytes was higher (266.575 ± 51.323
vs 135.223 ± 32.563, P < 0.01) , and IL-4 level was
www.wjgnet.com

lower (22.385 ± 2.252 vs 40.598 ± 4.218, P < 0.01).
CONCLUSION: Uric acid can strongly enhance T cell
immune responses induced by HBsAg-pulsed-DCs
vaccine. Uric acid may serve as an effective adjuvant of
DC vaccine against HBV infection.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
It is generally accepted that dendritic cells (DCs) are the
most efficient and powerful antigen presenting cells and
play a center role in exciting T cell immune reactions. T-cell
mediated immune responses, especially Hepatitis B virus
(HBV) specific- cytotoxic T lymphocyte (CTL) response,
may play an important role in resolving HBV infection[1,2].
hepatitis B surface antigen (HBsAg) pulsed DCs can
activate lymphocytes to become HBsAg-specific CTLs or
specific CD4+ T cells in vivo[3]. Shimizu et al[4] immunized
HBV transgenic mice with DCs loading HBsAg , and
found that DC vaccine could break tolerance to HBV and
induce an effective anti-viral immune response. Chen et
al[5] reported that HBsAg-pulsed DCs from the peripheral
blood could effectively suppress HBV replication in
chronic hepatitis B patients. However, anti-HBV immune
effects of DC vaccine are varied and instable. This may be
due to the diversity of DC vaccine preparations; however,
the main cause may be the insufficiency of DC vaccines.
For example, some researchers carried out similar immune
therapy in volunteers, but no evident immune response
was shown [3,6-8]. Therefore, the basic research of DC
vaccine as well as how to improve the immune response to
DC vaccine is still a significant challenge.
Recently, it was reported that uric acid (UA) could
stimulate DCs to mature, promote DCs to present
foreign antigens and stimulate T lymphocytes[9,10]. These
findings demonstrate the adjuvant effects of uric acid
and encourage the potential application of uric acid in
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vaccination.
This study aimed to obser ve the T cell immune
response after immunization with HBsAg pulsed DCs
(HBsAg-pulsed-DCs) and uric acid in mice. The results
demonstrated that administration of uric acid could
enhance the T cell immune response to HBsAg-pulsedDCs.

MATERIALS AND METHODS
Mice
Male or female BALB/c (H-2d) mice aged 8 to 10 wk were
obtained from the Department of Experimental Animals,
Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China. All animal experiments
followed the guidelines for the care and use of animals
established by Tongji Medical College, Huazhong
University of Science and Technology, and were approved
by the Ethics Committee of Tongji Medical College.
Agents
Uric acid (UA, Sigma-aldrich) was dissolved at a
concentration of 5 mg/mL in 0.1 mol/L sodium borate
buffer (pH 8.5) for more than 72 h [9,11] . The HBsAg
protein was synthesized by Shanghai SanGon Company,
China. The purity (> 99%) of the protein was confirmed
by high performance liquid chromatography (HPLC)
and mass spectrometry. Carboxy-fluorescein diacetate,
succinimidyl ester (CFSE, Molecular Probes, USA) was
dissolved in dimethyl sulfoxide (DMSO) at a concentration
of 10 mmol/L.
Preparation and culture of bone marrow DCs
DCs were prepared as described previously[12]. Briefly, bone
marrow cells were collected from the femur and tibiae
of BALB/c mice, and DCs were grown from precursors
at a starting concentration of 2 × 10 6 cells per ml in
complete RPMI 1640 (RPMI 1640 supplemented with
10% inactivated fetal calf serum, 2 mmol/L L-glutamine,
100 U/mL penicillin G and 100 μg/mL streptomycin),
and cultured in six-well flat bottom plates (Falcon) at 37℃,
5% CO2 for 3 h and then non-adherent cells were washed
out. rmGM-CSF at 10 ng/mL (PeproTech, Rocky Hill,
NJ) and rmIL-4 at 10 ng/mL (PeproTech, Rocky Hill, NJ)
were added to the culture. On days 3, 5 and 7, half of the
medium was replaced with a fresh medium. On day 7, cells
were incubated with uric acid (100, 200 and 400 μg/mL)
or 1 μg/mL lipopolysaccharide (LPS, Sigma), respectively.
Serum-free RPMI 1640 was used as control. On day 9,
cells and culture supernatants were collected for further
experiments and analysis.
Analysis of cell surface markers on DCs by flow cytometry
Expression of DC cell surface molecules (CD11c, CD83,
IA/IE, CD86) were deter mined by flow cytometric
analysis. Cells were washed twice with an ice cold FACScan
buffer (PBS containing 2% FCS and 0.1% sodium
azide). The same buffer was used for the incubation
with antibodies as well as for all washes. Twenty percent
of mixed sera of mice and rats were used to prevent
nonspecific antibody binding. FITC-conjugated anti-mouse
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CD1lc (Clone: N418, eBioscience) and IA/IE(Clone:
M5/114.15.2, eBioscience) or PE-conjugated anti-mouse
CD83 (Clone:Michel-17, eBioscience) and CD86 (Clone:
RMMP-2, Caltag Laboratories) were added, respectively,
to the cells and the samples were left on ice for 45 min
in the dark. Fluorescence profiles were generated on an
FACScan flow cytometer (Becton Dickinson). Histogram
was produced with the CellQuest software package.
Measurement of IL-12P70 concentrations
The concentration of IL-12P70 in DC culture
supernatants was determined by using an enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems)
according to the manufacturer’s instructions.
Preparation of HBsAg-pulsed-DCs
Mature DCs stimulated by 1 μg/mL LPS were collected
and used to pulse with HBsAg. The procedure for pulsing
DCs was the same as previously described[13]. Briefly, 1 ×
106 mature DCs were incubated with 10 μg/mL HBsAg
for 6 h. DCs were washed three times and resuspended in
PBS.
Immunization of mice
Totally 1 × 10 6 HBsAg-pulsed-DCs (total volume 200
μL) were injected through the tail vein of each mouse,
together with 200 μg uric acid. The mice immunized with
HBsAg-pulsed-DCs (1 × 106) or unpulsed-DCs (1 × 106)
alone were used as controls. The mice treated with 200 μg
uric acid or 200 μL PBS alone were used as controls as
well. Ten mice were in each group. The immunization was
repeated 7 d later.
Assay of CTL cytotoxic activity in vivo
Seven days after immunization with DCs for the second
and last time, each mouse received spleen cells labeled with
CFSE. To prepare target cells to detect in vivo cytotoxic
activity [14,15] , erythrocytes were removed from naive
BALB/c spleen cell suspensions by lysis in ammonium
chloride solution. The cells were then washed and split
into two populations. One population was pulsed with 10
μg/mL HBsAg, incubated at 37℃ for 4 h, and labeled
with a high concentration of CFSE (5.0 μmol/L) (CFSEhigh
cells). Another population as control target cells was left
without HBsAg and was labeled with a low concentration
of CFSE (0.5 μmol/L) (CFSElow cells)[16]. An equal number
of cells from each population were mixed together, and
each mouse received a total of 2 × 107 mixed cells in 400
μL of PBS. Cells were intravenously injected into all mice
as above. And 10 h later, the mice were sacrificed and their
spleen cells were obtained. Cell suspensions were analyzed
by flow cytometry, and each population was detected for
their differential CFSE fluorescence intensities. Up to
1 × 104 CFSE-positive cells were collected for analysis.
To calculate specific lysis, the following formula was
used: Ratio = (percentage CFSElow/percentage CFSEhigh).
Percentage specific lysis = [1- (ratio unprimed/ratio
primed) × 100][14,15].
Cytokine production by spleen cells
Spleen cells from the immunized mice were depleted
www.wjgnet.com
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Figure 1 The cell surface markers analysis on dendritic cells by flow cytometry after exposure to uric acid or LPS. Bone marrow-derived DCs were stimulated with 100, 200
and 400 μg/mL uric acid or 1 μg/mL LPS or Serum-free RPMI media 1640 for 48 h and immunostained with mAbs against CD11c, CD83, CD86 and IA/IE molecules (open
histograms). Shade histograms represent the isotype control mAb staining of the cells. The histograms (Figure 1) and data (Table 1) are representative of five independent
experiments.

of erythrocytes and washed twice with PBS. The cells
obtained were resuspended with complete RPMI 1640,
and seeded in duplicate into flat-bottomed 24-well
microtitration plates(Costar, Brumath, France) at 2 × 106
cells per well in 1 mL of culture medium containing 10
μg/mL HBsAg. The cell-free culture supernatants were
harvested after 72 h and assayed for IFN- γ and IL-4
activity. The cytokine concentrations were determined by
using a commercial ELISA kit (eBioscience Inc.) according
to the manufacturer’s instructions, and the standard curves
corresponding to known amounts of mouse recombinant
IFN-γ, IL-4. The sensitivity limits for the assays are 15 pg/
mL for IFN-γ, and 4 pg/mL for IL-4.
Cell proliferative response of spleen T cells
Erythrocytes were removed from the spleen cells of
mice 14 d after immunization as above. The cells were
resuspended with complete RPMI 1640, and then T cells
were separated by a nylon wool column method [17]. In
brief, 1 × 108 cells were drained through a nylon wool
column (Polysciences. Inc., Warrington, PA) for 45 min
at 37℃, and then nonadherent T cells were collected
after two washes. T cells were labeled with 2.5 μmol/L
CFSE and washed three times in the medium as described
above, counted, and resuspended at a concentration of 1
www.wjgnet.com

× 106 cells/mL. The samples were seeded in triplicate into
24-well microtitration plates (Costar, Brumath, France) at 2
× 106 cells per well in 2 mL of culture medium containing
10 μg/mL HBsAg or PBS. T cells from the untreated mice
were used as the negative control; and T cells from the
untreated mice stimulated with 10 μg/mL concanavalin A
(ConA) and 10 μg/mL HBsAg or PBS was served as the
positive controls. The plates were incubated for 72 h in
5% CO2 at 37℃. Cell proliferation was estimated by flow
cytometry[16]. Histogram was produced with the Motif 3.0
software package.
Statistical analysis
All data were presented as mean ± SD and analyzed
using the Student-Newman-Keuls test and LSD multiple
comparisons with SPSS11.5 software in the experiments.
P < 0.05 was regarded as statistically significant.

RESULTS
Cell surface markers on DCs
We demonstrated an increase in CD83, IA/IE, and CD86
expression by DCs, stimulated with uric acid previously
(Figure 1, Table 1). The effect of uric acid was dosedependent and was still observed when the uric acid was
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Group

CD11C

CD83

CD86
f

MHC
f

21.66 ± 5.34

UA100

5 73.16 ± 1.05

47.71 ± 4.75b,d 78.48 ± 2.98b,f 75.83 ± 2.49b,f

UA200

5 73.18 ± 0.95

52.23 ± 0.83b

80.14 ± 1.01b

79.47 ± 0.92b

5 73.36 ± 1.46

b

b

80.36 ± 1.22b

bb

81.42 ± 2.21b

LPS

5 73.44 ± 1.33

52.33 ± 0.94

b

53.28 ± 1.12

37.77 ± 1.62

27.34 ± 1.81f

RMPI-1640 5 72.85 ± 1.64

UA400

b

n

81.08 ± 1.25
82.50 ± 2.29

A
Production of IL-4
(pg/mL)

Table 1 Surface molecular expression of DCs (%, mean ± SD)

P < 0.001 vs RMPI-1640; dP < 0.01 vs LPS; fP < 0.001 vs LPS.

Table 2 IL-12 p70 production in DC supernatants (mean ±
SD, n = 5, ng/mL)
Group

imDC

UA100

UA200

UA400

LPS

IL-12P70 2.53 ± 0.27 3.52 ± 0.22b 3.99 ± 0.28b 4.37 ± 0.19b 4.38 ± 0.17b
b

P < 0.001 vs imDC.

Table 3 IFN-γ production of spleen cells (mean ± SD, n = 10,
pg/mL)
IL-4

γ-IFN

PBS

40.598 ± 4.218

135.223 ± 32.563

UA

39.387 ± 3.657

141.500 ± 32.654

Group

b

Unpulsed-DC

37.352 ± 3.238

149.32 ± 37.354

HBsAg-pulsed-DC

22.385 ± 2.252b

266.575 ± 51.323b

UA-DC

15.123 ± 1.353d

429.216 ± 59.232d

P < 0.01, dP < 0.001 vs PBS group.

administered at 100 μg/mL. After stimulation with uric
acid (100-400 μg/mL), the percentage of various markers
increased from 2.0- fold to 3.0-fold. The stimulatory effect
elicited by uric acid at a concentration of 200-400 μg/mL
was similar to that induced by LPS (1 μ g/mL). After
stimulation with uric acid or LPS, the CD11c expression
in each group was high and similar, including the imDC
group.
IL-12 p70 production in DC supernatants
Using the ELISA technique, the IL-12 p70 secretion by
DCs was detected 48h after stimulation with uric acid
or LPS. IL-12p70 production was markedly increased in
response to uric acid stimulation in a dose-dependent
manner. The IL-12p70 production stimulated by 200-400
μg/mL uric acid was similar to LPS treatment (Table 2).
Cytokine production by spleen cells
The supernatants of cultured immune spleen cells were
evaluated for the production of IL-4 (Th2 cytokine) or
IFN-γ (Th1 cytokine) in response to HBsAg re-stimulation
on day 14 (Figure 2, Table 3).
The production of IL-4 in mice immunized with
HBsAg-pulsed-DCs and uric acid was lower than that
of mice immunized with HBsAg-pulsed-DCs alone or
unpulsed-DCs alone or PBS alone(P < 0.001 for all)
(Figure 2A).

Production of γ-IFN
(pg/mL)

B
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Figure 2 Cytokine production by splenocytes. Fourteen days after immunization,
spleen cells were isolated, then stimulated with HBsAg (10 μg/mL) in vitro.
Values were measured at 72 h for IL-4 (A), IFN-γ (B) by ELISA. The results are
representative of ten samples from each group. The data show the mean ± SD.

T he production of IFN- γ (Figure 2B) in mice
immunized with HBsAg-pulsed-DCs and uric acid was
significantly greater (P < 0.001 for all) than that in mice
immunized with HBsAg-pulsed-DCs alone. Spleen cells
from mice immunized with unpulsed-DCs alone or PBS
alone produced a few IFN-γ.
Spleen cells from mice immunized with uric acid alone
failed to enhance the secretion of IFN-γ or inhibit the
secretion of the IL-4 (Figure 2).
Cell proliferative response in spleen T cells
Fourteen days after immunization, CFSE-labeled-T cells
from each mouse were re-stimulated with 10 μ g/mL
HBsAg or PBS for 72 h in vitro, and cellular proliferations
were assayed by flow cytometry (Figure 3, Table 4).
A strong proliferative response to HBsAg restimulation was observed in T cells of mice immunized
with HBsAg-pulsed-DCs and uric acid (Figure 3).
Proliferative response to HBsAg re-stimulation was
also observed in T cells of mice treated with HBsAgpulsed-DCs. Insignificant proliferation was observed in T
cells of mice treated with unpulsed-DCs. No proliferation
to HBsAg re-stimulation was observed in T cells of mice
treated with uric acid alone or PBS (Figure 3).
PBS re-stimulation in vitro failed to stimulate T cell
proliferation in each mouse (Table 4).
Determination of HBsAg-specific-CTL cytotoxicity
We directly determined the activity of HBsAg-specificCTLs with an in vivo cytotoxicity assay. The extent of lysis
of HBsAg-pulsed spleen cells was expressed as R-values
(Figure 4) and the cytotoxicity activity of HBsAg-specificCTLs were calculated (Table 5).
A significant strong cytotoxicity of HBsAg-specific
CTLs was observed in the mice immunized with HBsAgpulsed-DCs and uric acid; whereas immunization with
www.wjgnet.com
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Table 4 T cell proliferative response
Group

n

SI (HBsAg)

SI (PBS)

PBS

10

1.09 ± 0.028

1.062 ± 0.027

UA

10

1.17 ± 0.035

1.067 ± 0.031

Unpulsed-DC

10

1.19 ± 0.055

1.076 ± 0.035

b

HBsAg-pulsed-DC

10

1.34 ± 0.093

1.081 ± 0.028

UA-DC

10

1.59 ± 0.156d

1.081 ± 0.029

10

d

2.487 ± 0.146

ConA

2.53 ± 0.179

Group

PBS

UA

UnpulsedDC

HBsAgpulsed-DC

UA-DC

Cytotoxicity 3.51 ± 1.14 3.52 ± 1.15 6.32 ± 2.18 27.32 ± 7.32b 68.63 ± 11.32d
b

P ≤ 0.01, dP ≤ 0.001, vs PBS group.

P ≤ 0.01, dP ≤ 0.001, vs PBS group.
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Table 5 HBsAg-specific CTL cytotoxicity (%, mean ± SD,

n = 10)
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Figure 4 Analyze CTL activity against HBsAg of immunization mice by flow cytometry in vivo at 2 wk. Flow cytometric analysis of each mouse was adoptively transferred
with a 1:1 mixture of Protein-pulsed (CFSEhigh) and unpulsed (CFSElow) naive mouse splenocytes 10 h previously. Then ratio between percentage of CFSElow cells and
CFSEhigh cells were calculated. HBsAg-specific CTL cytotocity was determined (Table 5). These histogram results were from individual mice that were representative of ten
experiments.

HBsAg-pulsed-DCs alone or unpulsed-DCs induced low
cytotoxicities of HBsAg-specific CTLs (Table 5).
In mice immunized with uric acid 200 μg alone or PBS,
R values or CTL cytotoxicity were similar (P > 0.05) (Figure
4). It demonstrated that no significant specific lysis was
observed and immunization with uric acid 200 μg alone
failed to induce HBsAg-specific CTLs.

DISCUSSION
It has been shown that T-cell mediated immune responses
are very important in overcoming HBV infection [1,2]
www.wjgnet.com

and DCs can efficiently prime T-cell response, so
the development of a vaccine of DCs has attracted
considerable interest[18,19].
Several studies indicated that uric acid had excellent
immune adjuvant activity, which could promote the specific
immune response to vaccines efficiently [9,11] . Shi and
colleagues have shown that the generation of responses
from specific CTL activity was significantly enhanced,
when uric acid was injected into mice along with the gp120
protein of the human immunodeficiency virus (HIV)[9].
Hu and colleagues showed that eliminating uric acid, by
administration of allopurinol or uricase, delayed tumor
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immune rejection, whereas subcutaneous administration
of uric acid enhanced the rejection process[11].
Uric acid crystals might be the biologically active
form. It was shown that preformed crystals were highly
stimulator y, whereas soluble uric acid was not [9-11] .
The concentrations of uric acid that stimulated DCs
corresponded to one at which uric acid crystals were
precipitated. Injection of purified uric acid (> 70 μg /mL)
was shown to boost CTL responses in spleen cells isolated
from mice, which had been primed with particulate
antigens, by trig gering increased DC expression of
the costimulator y molecules CD86 and CD80 [9,11] .
Allopurinol and uricase treatment, which substantially
reduced plasma uric acid concentrations, was shown to
markedly inhibit this T-cell priming. Uric acid crystals are
known to stimulate monocytes to produce inflammatory
mediators[20], and it seems likely that DCs are stimulated in
a similar way.
As highly specialized antigen presenting cells (APC),
DCs play a central role in antigen presentation to CD4+ or
CD8+ T cells and allogeneic T cell proliferation[8]. It has
been known that phenotypic and functional maturation was
critical for DCs to activate immune responses effectively[21].
In a previous study, it was reported that uric acid could
promote expression of co-stimulatory molecules (CD86,
CD80) on DC surfaces[9]. Our data showed that uric acid
promoted maturation of DCs (CD83high) and up-regulated
the expression of co-stimulatory molecules CD86, and
IA/IE (MHC-I molecule).
DCs have a crucial role in determining the type of T
cell mediated response[22,23]. IL-12 is an important immune
modulatory molecule, which specifically promotes Th1
cell differentiation and suppresses Th2 cell function, and
induces a Th1 cell immune response[24]. In this study, uric
acid could promote DCs to secrete IL-12p70 in vitro; after
combination of immunization with uric acid, in spleen
cells of mice, production of IFN-γ was significantly upregulated，and IL-4 production was down-regulated. This
indicated that uric acid might enhance Th1 cell immune
responses by promoting DC to secrete IL-12. And then
Th1 cells can induce the proliferation of CTLs and
amplification of CD8+ T cell responses[25].
In addition, we showed that combination immunization
of uric acid and HBsAg-pulsed-DCs could elicit a
strong T cell-mediated immune response. Compared
with HBsAg-pulsed-DCs vaccine alone, combination
immunization elicited significantly greater T cell immune
responses as evidenced by T cell proliferation to HBsAg
re-stimulation, Th1 cytokine secretion and HBsAg-specific
CTL responses. Uric acid may enhance the T cell immune
responses by stimulating DC maturation and enhance its
functions.
In hyperuricemia, it is well-known that uric acid can
precipitate in the joints, where they cause gout, and/or in
other tissues causing inflammation[26]. Therefore, the dose
of uric acid administration is of crucial importance. In our
study, the dose of uric acid was 200 μg. According to Shi
and Hu et al[9,11], this dose of uric acid was safe and had an
adjuvant effect.
We immunized both treated and control mice with
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200 μg uric acid alone for two weeks. As expected, the T
cell mediated immune responses were not enhanced. It
demonstrated that uric acid has no adjuvant activity in the
absence of exogenous antigens. It is important that no
autoimmunity is induced, using uric acid as an adjuvant of
vaccine.
In the murine model, combination of uric acid and
HBsAg-pulsed-DCs seemed to be very effective. However,
the anti-HBV effect of this vaccine strategy must be tested
further in the HBV animal model.
In summary, we have demonstrated that uric acid can
strongly enhance T cell immune responses to HBsAgpulsed-DCs. We conclude that uric acid might serve as an
effective adjuvant for DC vaccine against HBV infection.
This strategy provides a model to develop therapeutic
vaccines against HBV infection.
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Abstract
AIM: To evaluate the safety and feasibility of bone
marrow cell (BMC) transplantation in patients with
chronic liver disease on the waiting list for liver
transplantation.
METHODS: Ten patients (eight males) with chronic
liver disease were enrolled to receive infusion of
autologous bone marrow-derived cells. Seven patients
were classified as Child-Pugh B and three as Child-Pugh
C. Baseline assessment included complete clinical and
laboratory evaluation and abdominal MRI. Approximately
50 ml of bone marrow aspirate was prepared by
centrifugation in a ficoll-hypaque gradient. At least of
100 millions of mononuclear-enriched BMCs were infused
into the hepatic artery using the routine technique for
arterial chemoembolization for liver tumors. Patients
were followed up for adverse events up to 4 mo.
RESULTS: The median age of the patients was 52
years (range 24-70 years). All patients were discharged
48 h after BMC infusion. Two patients complained of

mild pain at the bone marrow needle puncture site.
No other complications or specific side effects related
to the procedure were observed. Bilirubin levels were
lower at 1 (2.19 ± 0.9) and 4 mo (2.10 ± 1.0) after cell
transplantation that baseline levels (2.78 ± 1.2). Albumin
levels 4 mo after BMC infusion (3.73 ± 0.5) were
higher than baseline levels (3.47 ± 0.5). International
normalized ratio (INR) decreased from 1.48 (SD = 0.23)
to 1.43 (SD = 0.23) one month after cell transplantation.
CONCLUSION: BMC infusion into hepatic artery of
patients with advanced chronic liver disease is safe and
feasible. In addition, a decrease in mean serum bilirubin
and INR levels and an increase in albumin levels are
observed. Our data warrant further studies in order to
evaluate the effect of BMC transplantation in patients
with advanced chronic liver disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic liver disease may progress to end-stage liver
disease (ESLD), liver failure and death. Patients with
ESLD may experience serious complications such as
encephalopathy, ascites and esophagogastric variceal
hemorrhage. Liver transplantation is the only available
therapy for patients with chronic liver failure. Because
of the shortage of donated organs, up to 10%-15% of
these patients die without receiving an organ in developed
countries[1]. In some undeveloped countries the number of
deaths on the waiting list might be greater. In some regions
www.wjgnet.com
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of Brazil it takes an average of more than two years until
liver transplantation. Therefore, alternative methods such
as cell therapy are necessary to increase patient survival
on the liver transplant waiting list. Several sources of stem
cells have been proposed for cell therapy. Embryonic stem
cells are the most potent in terms of their differentiation
potential but may be oncogenic when transplanted in vivo
and their use has been a matter of controversy because
of ethical issues[2]. A number of studies during the last
decade have identified cells both within and outside the
liver that have properties of hepatic stem cells and might
differentiate into hepatocytes or bile duct epithelial cells[3-5].
Hematopoietic tissue is most accessible and of special
interest , and it has been demonstrated that bone marrow
contains multipotent adult progenitor cells that can
generate a variety of cell types found in other tissues[6-8].
Studies in animal models of liver diseases have
demonstrated that bone marrow cell (BMC) transplantation
may accelerate the liver regeneration process, reduce
hepatic fibrosis and improve liver function and survival
rate [9-11]. However, its mechanism is still controversial.
Several studies have suggested that hematopoietic cells may
generate hepatocyte-like cells, while others hypothesized
that they should act mainly by fusion with hepatocytes or
by paracrine effect[12-15]. Fusion between hepatocytes and
hematopoietic cells produces heterokaryotic hybrid cells
that initially contain the genetic elements and organelles
of both cell types and may then express the hepatocyte
phenotype. Several studies suggest that cytokines and
growth factors produced by infused hematopoietic cells
may support liver function and repair in adult animals
without forming new hepatocytes from the infused cells[15].
Based on the findings from other studies that suggest
improvement of liver fibrosis in experimental models of
liver disease and because bone marrow cell transplantation
itself is already an established treatment for hematological
and oncological diseases, we conducted a clinical trial to
evaluate the safety and feasibility of autologous BMC
therapy in patients with chronic liver disease on the waiting
list for liver transplantation.

MATERIALS AND METHODS
Subjects
The study group comprised 10 patients with chronic liver
disease (8 males, 2 females, age: 24 to 70 years) on the
waiting list for liver transplantation. They were enrolled
to receive infusion of autologous BMC from September
2005 to January 2006. Informed written consent was
obtained from all subjects. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the Ethics Committee of
Hospital São Rafael, Salvador, Brazil and by the Brazilian
National Ethics Committee (CONEP). Eligible patients
had all the following inclusion criteria: age range between
18-75 years, advanced chronic liver disease of different
etiologies classified as Child Pugh B or C, absence of liver
tumors and appropriate use of contraception method for
women of child-bearing potential. Patients were excluded
from the study if they had one or more of the following
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exclusion criteria: risk for bone marrow aspiration,
sepsis, human immunodeficiency virus infection, active
hepatic encephalopathy, liver tumor, history of malignant
neoplasm exce pt for non-melanoma skin cancer,
decompensated heart failure, platelet count < 30 000/mm3,
international normalized ratio (INR) > 2.2, renal failure
(creatinine > 2.5 mg/dl), participation in other clinical
trials, pregnancy or lactation.
Baseline assessment included complete clinical and
laboratorial evaluation as well as abdominal magnetic
resonance imaging to exclude liver tumor. Laboratory tests
consisted of complete blood count, serum bilirubin levels,
prothrombin time, serum blood glucose, urea, creatinine,
alpha-fetoprotein, total proteins and albumin levels, serum
aminotransferase concentrations, alkaline phosphatase
and gamma-glutamyl transferase levels, thyroid stimulating
hormone (TSH) concentrations. Patients were followed up
for adverse events with clinical and laboratory evaluations
on d 1, 2, 3, 7, 15, 30, 45, 60, 90, 120 after BMC
transplantation.
Bone marrow cell therapy
Approximately 50 ml of bone marrow was aspirated
from the iliac crest. An enriched fraction of bone marrow
mononuclear cells was prepared by centrifugation of
total bone marrow in a ficoll-hypaque gradient. At least
100 millions of mononuclear-enriched BMC suspended
in 20 ml of saline was infused into the hepatic artery of
included patients by a catheter, using the routine technique
for arterial chemoembolization of liver tumors[16].
Statistical analysis
Exploratory data analysis was conducted to calculate
means, standard deviations and 95% confidence intervals
of measurements (laboratory tests, Child Pugh score at
baseline at 1 and 4 mo). Relative mean changes at 1 and
4 mo with respect to the baseline level were calculated.
To examine the development of laboratory parameters
after BMC infusion individual response profiles were
plotted as a function of weeks after intervention. In
addition, estimates of the mean response profiles and 95%
confidence intervals were obtained by calculating moving
averages of patients’ measurements over a period of 4
weeks and by applying linear interpolation. All statistical
analyses were conducted by the statistical software package
STATA (StataCorp. 2005. Stata Statistical Software: Release
8. College Station, TX: StataCorp LP).

RESULTS
The median age of the study population was 52 years (range
24-70 years). Four patients had alcoholic liver disease, 4
had chronic hepatitis C, one had chronic cholestatic liver
disease and one cryptogenic cirrhosis (Table 1). Seven
patients were classified as Child-Pugh B and 3 patients as
Child-Pugh C. None had a liver tumor.
The number of BMCs infused in each patient is shown
in Table 1. All patients were discharged 48 h after BMC
infusion. Two patients complained of mild pain at the
bone marrow needle puncture site. No other complications
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Table 1 Clinical characteristics of studied patients and the
number of transplanted autologous BMCs
Patient
ID

Age
(yr)

Sex

Etiology of
cirrhosis

BMCs transplanted
(n )

JWOR
FMB
EAS
RNR
IAN
NPA
RBC
RMV
GAFL
ABSF

49
60
63
24
49
55
49
66
70
40

Male
Male
Female
Male
Male
Female
Male
Male
Male
Male

Alcohol + HCV
Alcohol
HCV
Cholestatic
Alcohol + HCV
Cryptogenic
Alcohol
HCV
Alcohol
HCV

2.8 × 108
5.2 × 108
3.2 × 108
13.1 × 108
2.6 × 108
3.5 × 108
4.8 × 108
3.4 × 108
1.6 × 108
2.4 × 108

1069

Table 2 Characteristics of the distribution of serum bilirubin,
albumin and INR levels in 10 patients with chronic liver failure
at baseline, 1 and 4 mo after transplantation of autologous
BMCs
Bilirubin
(mg/dL)

Minimum Maximum Mean Median Standard Relative mean
deviation change from
baseline (%)

Baseline
1 mo
4 mo

1.2
0.5
0.72

4.83
3.56
4.16

2.78
2.19
2.1

2.45
2.28
1.87

1.16
0.91
1.04

-21
-24

2.5
2.9
3.1

4.4
4.5
4.8

3.47
3.44
3.73

3.5
3.25
3.6

0.51
0.52
0.51

-1
7

1.08
1.1
1.16

1.89
1.94
1.75

1.46
1.44
1.42

1.48
1.43
1.43

0.23
0.23
0.18

-1
-3

Albumin (unit)
Baseline
1 mo
4 mo
INR (unit)
Baseline
1 mo
4 mo

6

ABSF

EAS

FMB

GAFL

IAN

JWOR

NPA

RBC

4
2

Total bilirubin (mg/dL)

0

6
4
2
0

0
RMV

5

10

15

20

0

5

10

15

20

RNR

6
4
2
0
0

5

10

15

20

0

5

10

15

20

t (after intervention)/wk

Figure 1 Serum bilirubin levels in 10 patients with chronic liver disease as a function of weeks after transplantation of autologous BMCs.

or specific side effects related to the infusion procedure
were reported. A 70-year old patient with a history of
previous episodes of hepatic encephalopathy developed
reversible grade I encephalopathy 33 d after BMC infusion.
The episode was controlled without requirement of
hospitalization and was not considered an adverse event
since 3 identical episodes were documented for this patient
in the last year before his inclusion in the study.
Total bilirubin levels were 21% lower at 1 mo (2.19
± 0.91) and 24% lower at 4 mo (2.10 ± 1.04) after BMC

transplantation that baseline levels (2.78 ± 1.16) (Table
2). When individual response profiles were evaluated, a
decrease in total bilirubin levels was observed in 7 of 10
patients after BMC transplantation (Figure 1). The mean
profile of bilirubin levels after BMC infusion is shown in
Figure 2.
Albumin levels were 1% lower at 1 mo (3.44 ± 0.52)
and 7% higher at 4 mo after BMC infusion (3.73 ± 0.51)
that baseline levels (3.47 ± 0.51) (Table 2). The analysis
of individual levels showed an increase in albumin levels
www.wjgnet.com

1070

ISSN 1007-9327

World J Gastroenterol

95% Cl

3.5
Total bilirubin (mg/dL)

CN 14-1219/R

Mean

February 21, 2007

Volume 13

Number 7

Table 3 Characteristics of the distribution of laboratory
parameters in 10 patients with chronic liver failure at baseline,
1 and 4 mo after BMC transplantation

3.0

Minimum Maximum Mean Median Standard Relative mean
deviation change from
baseline (%)

2.5

2.0

1.5
0

1

2

3

4

t (after intervention)/mo

Figure 2 Mean profile of serum total bilirubin levels including a 95% confidence
band in 10 patients with chronic liver disease as a function of weeks after
transplantation of autologous BMCs.

in 6 patients and a reduction in 1 patient 4 mo after BMC
transplantation (figure 3). The mean profile of serum albumin levels is shown in Figure 4.
INR levels were 1% lower at 1 mo (1.44 ± 0.23) and
4% lower at 4 mo (1.42 ± 0.18) after BMC transplantation
that baseline levels (1.46 ± 0.23) (table 2). INR levels
reduced in 7 patients and increased in 1 patient after BMC
transplantation (Figure 5). The mean profiles of INR levels are shown in figure 6.
The data about other relevant laboratory parameters
(WBC, hemoglobin, ALT, AST, GGT, creatinine) before
and after the intervention are shown in table 3.

DISCUSSION
There is an urgent need to search for alternatives to whole
organ transplantation. Based on the ability of stem cells
to differentiate into specific cell types according to their
environment, cell transplantation has become an attractive
therapeutic method for the treatment of patients with
liver disease aiming, at least, at a temporary support of
hepatic function until a liver becomes available for organ
transplantation.
This phase I study aimed to evaluate the feasibility and
safety of autologous bone marrow cell transplantation into
the hepatic artery of patients with advanced chronic liver
disease. In the present study, we infused BMCs into the
hepatic artery using the same routine technique for arterial
chemoembolization of liver tumors which is feasible and
not associated with serious local side effects[16], and used
the hepatic artery for cell infusion since the blood inflow
to the liver could be mostly secured. Our results confirmed
the feasibility and safety of BMC infusion into hepatic
artery in such patients. BMC transplantation was well
tolerated to all patients and only two patients complained
of mild pain at the bone marrow needle puncture site.
We did not detect any other side effects. The episode of
reversible hepatic encephalopathy 33 d after BMC infusion
in a 70-year old man with alcoholic cirrhosis was not
interpreted as an adverse event related to the procedure
because identical episodes were observed in the previous

www.wjgnet.com

Hemoglobin (g/dL)
Baseline
11.30
1 mo
9.50
4m
10.30

16.90
16.00
15.10

13.16
12.26
12.80

12.2
11.95
12.7

1.90
1.81
1.47

-8
-3

WBC (x 103/mm3)
Baseline
2.60
1 mo
2.30
4 mo
2.30

5.40
5.10
6.00

3.94
3.35
3.60

4
2.85
3.25

0.97
1.04
1.14

-15
-9

GGT (U/L)
Baseline
1 mo
4 mo

50.00
48.00
47.00

543.00
474.20
489.67

172.20
157.20
163.50

139
134.5
132.5

147.50
129.00
133.25

-9
-5

AST (U/L)
Baseline
1 mo
4 mo

29.00
26.00
29.00

192.00
173.00
180.00

100.60
86.90
85.80

92.5
79
64

56.24
47.58
46.87

-14
-15

ALT(U/L)
Baseline
1 mo
4 mo

11.00
22.00
17.00

120.00
115.00
131.00

56.00
54.80
53.50

43
42.5
41

35.54
32.71
34.97

-2
-4

Creatinine (mg/dL)
Baseline
0.60
1 mo
0.70
4 mo
0.60

1.50
1.30
1.20

0.86
0.90
0.87

0.8
0.85
0.85

0.26
0.20
0.19

5
1

year.
In addition to the evaluation of safety and feasibility,
our results indicated that there were alterations of liver
function parameters after transplantation of autologous
BMCs in patients with advanced chronic liver disease.
Four months after BMC transplantation the mean serum
bilirubin and INR levels decreased while the mean albumin
levels increased. Of note, 7 patients had their bilirubin
levels reduced while 6 patients had their albumin levels
increased. The greatest reduction in the bilirubin levels was
observed in a 24-year old patient (R.N.R.) with chronic
cholestatic liver disease who had the highest amount of
transplanted BMCs (13.1 × 108) compared to the others
(Table 1). The number of transplanted BMCs was lower in
patients with cirrhosis caused by HCV and in the 70-year
old patient.
Recently, two phase I studies using granulocyte-colony
stimulating factor (G-CSF) to mobilize BMCs in patients
with chronic liver disease were conducted[17,18]. Gaia et al[17]
evaluated the feasibility and safety of BMC mobilization in
8 patients with end stage liver cirrhosis following G-CSF
administration. Mobilization (monitored by the number of
CD34 + ve cells) was observed in all patients after G-CSF
administration, which was well tolerated and free of
adverse events. Child-Pugh score decreased by 2 or more
points in four patients, increased in one patient, while
it was unchanged (or decreased by less than 2 points) in
three patients. Overall, the MELD score decreased from a
median pre-treatment value of 17.5 (range 11-20) to 14.5
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EAS
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NPA

RBC

4
2
0

Albumin (mg/dL)

6
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2
0

0
RMV

5
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0
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RNR
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0
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Figure 3 Serum albumin levels in 10 patients with chronic liver disease as a function of weeks after transplantation of autologous BMCs.

95% Cl

Mean

Albumin (mg/dL)

4.0
3.8
3.6
3.4
3.2
3.0
0

1

2

3

4

t (after intervention)/mo

Figure 4 Mean profile of serum albumin levels including a 95% confidence band
in 10 patients with chronic liver failure as a function of weeks after transplantation
of autologous BMCs.

(range 9-20) at end of follow-up. In another study Gordon
et al[18] evaluated the safety and tolerability of autologous
CD34+ cell injection into five patients with liver
insufficiency. Included patients were given subcutaneously
520 μg G-CSF and CD34+ cells were collected and then
returned to the patients via the hepatic artery or the portal
vein. No major complications or specific side effects
related to the procedure were observed. Three of the five
patients showed a reduction in serum bilirubin and four
of five showed an increase in serum albumin. The results
of these two studies appear to be in agreement with ours.

The choice of utilizing purified stem cells instead of
mononuclear cell fraction depends on a future comparison
of the efficacy in the two cell populations. In addition,
purification procedures to obtain a specific cell population
increase the costs of the therapy.
Studies in animal models of liver diseases have
demonstrated that bone marrow cell transplantation
decreases hepatic fibrosis and improves survival rate. Sakaida et al[11] investigated the effect of BMC transplantation
on mice with established liver fibrosis induced by carbon
tetrachloride (CCl4) administration. Four weeks after BMC
transplantation, the mice had significantly reduced liver
fibrosis, as assessed by hydroxyproline content in the livers,
compared to mice treated with CCl4 alone. Similar results
have been observed in other studies [9,19,20]. In addition,
improvement in several parameters of liver function, such
as albumin and bilirubin levels and prothrombin time has
been reported[8,12,21]. These experimental studies suggest
that BMC infusion may be responsible for the potential
beneficial effects on liver function as observed in our
clinical study.
Our study was not able to evaluate the efficacy of
BMC infusion in patients with liver disease due to its
design. Controlled studies would be required to address
this issue. Further studies are also necessary to determine
the number of BMCs required for achievement of
therapeutic effect, which may vary with the patient’s age
and the etiology of liver disease.
In summary, BMC infusion into the hepatic artery of
patients with advanced chronic liver disease is safe and
www.wjgnet.com
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Figure 5 INR levels in 10 patients with chronic liver failure as a function of weeks after transplantation of autologous BMCs.
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feasible. In addition, in most patients there is a decrease
in mean serum bilirubin and INR levels, and an elevation
of serum albumin. Our results warrant further studies in
order to evaluate the effects of BMC transplantation in
patients with advanced chronic liver disease.
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Abstract
AIM: To determine rates of hepatitis C (HCV) risk factor
ascertainment, testing, and referral in urban primary
care practices, with particular attention to the effect of
race and ethnicity.
METHODS: Retrospective chart review from four
primary care sites in Philadelphia; two academic primary
care practices and two community clinics was performed.
Demographics, HCV risk factors, and other risk exposure
information were collected.
RESULTS: Four thousand four hundred and seven
charts were reviewed. Providers documented histories
of injection drug use (IDU) and transfusion for less than
20% and 5% of patients, respectively. Only 55% of
patients who admitted IDU were tested for HCV. Overall,
minorities were more likely to have information regarding
a risk factor documented than their white counterparts
(79% vs 68%, P < 0.0001). Hispanics were less likely
to have a risk factor history documented, compared
to blacks and whites (P < 0.0001). Overall, minorities
were less likely to be tested for HCV than whites in
the presence of a known risk factor (23% vs 35%, P =
0.004). Among patients without documentation of risk
factors, blacks and Hispanics were more likely to be
tested than whites (20% and 24%, vs 13%, P < 0.005,
respectively).
CONCLUSION: (1) Documentation of an HCV risk
factor history in urban primary care is uncommon, (2)
www.wjgnet.com

Racial differences exist with respect to HCV risk factor
ascertainment and testing, (3) Minority patients, positive
for HCV, are less likely to be referred for subspecialty
care and treatment. Overall, minorities are less likely
to be tested for HCV than whites in the presence of a
known risk factor.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Several studies have suggested that hepatitis C (HBV)
manage-ment is suboptimal in primary care settings[1-5]. In
fact, only 59% of primary care physicians (PCPs) reported
asking patients about HCV risk factors [3] . A similar
conclusion was made by another study which found that
46% and 62% of physicians reported that they routinely
asked patients about a history of blood transfusion and
injection drug use, respectively[4]. Shehab reported that
HCV testing is rarely initiated in primary care clinics based
on physician identified risk factors such as transfusion
prior to 1992 or a history of injection drug use[1]. Similar
studies among urban primary care practices, comprising
patients at highest risk for exposure to HCV risk factors,
have not been reported. Such a study would be important
to better assess the feasibility of implementing wide scale
risk assessment, testing, and treatment strategies.
The purpose of this retrospective cohort study is to
assess the rates of HCV risk factor ascertainment, testing
and referral for treatment in urban primary care practices,
with particular attention to the effect of race and ethnicity
as determined by systematic review of the medical records.

MATERIALS AND METHODS
A retrospective chart review was conducted in four
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Table 1 Population demographics
Primary care
practice

Total

Clinic #1
Clinic #2
Clinic #3
Clinic #4

1182
948
1089
1188

Mean
age

Gender
(% male)

Insured (%)

40
41
42
48

34
62
34
43

62
57
95
98

urban primary care clinic sites in Philadelphia. These sites
included two federally qualified health clinics serving
predominantly minority populations and two universitybased primary care practices; a family medicine practice
and an internal medicine practice. Each of the four study
sites is unique in the population that it serves. Clinic #1 is
a community clinic which serves a predominantly Hispanic
population (84%), comprised of mostly female patients
(66%); in 2005 this clinic served approximately 15 000
patients. Clinic #2 is a community clinic which serves a
predominantly black population (65%-70%); this clinic
served approximately 7000 patients in 2005. The majority
of the patients attending the two community clinics
are either uninsured, or covered by a Medicaid HMO.
The two university-based practices serve racially diverse
populations. Approximately 60% of the patients attending
the Family Medicine university-based practice (clinic
#3, patient population served in 2005, 23 000) are black.
The majority of the patients attending the practice have
traditional insurance. Those with Medicare coverage and
the uninsured make up a small percentage of the patient
population, 6% and 5% respectively. Approximately 45%
of the patients attending the Internal Medicine universitybased practice (patients served in 2005, 21 000) are black
(clinic #4), and the majority of the patients attending the
practice have traditional insurance.
Random charts were selected at systematic intervals,
based upon practice size, so that a total of approximately
1000 charts were reviewed from each practice. The
number of charts required was calculated by taking into
account the prevalence of risk factors among minority and
non-minority subjects, the rate of risk factors recognized,
the proportion of persons at risk screened for HCV and
of those who tested positive. All these assumptions were
derived from previous studies and from the authors’
experience.
All patient visits in each selected chart were reviewed
by a team of trained chart reviewers. No identifying
information was collected. Data were available dating
back to the patients’ first visit, with a mean of 3.6 years
(standard deviation 4.9 years) prior to the patients’ most
recent documented visit. Specific data collected included
sex, age, race/ethnicity, as well as documentation of HCV
risk factors. An HCV risk factor was broadly defined as
any potential exposure to HCV; these included injection
drug use, blood transfusion prior to 1992, percutaneous
exposure as in the case of an exposed health care worker),
non-injection drug use, tattoos, body piercing, history
of sexually transmitted diseases, incarceration, and
unprotected sex[9]. When documentation of an HCV risk

White (%)

Black (%)

Race
Hisp (%)

OTH (%)

Unknown (%)

1
4
26
45

4
65
37
22

84
7
2
2

< 0.5
1
5
6

11
24
31
26

factor was identified, it was determined if HCV testing was
ordered and if the patient was referred for subspecialty
care.
Statistical analysis
Data were collected using a standardized data collection
instr ument. All char t reviewers were trained and
accompanied by an investigator. An investigator (SBT,
VJN) re-reviewed at least 10% of all charts at random to
check for accuracy. Trained data entry personnel entered
the data into data management software (Microsoft
Access). All data were analyzed using SAS v 9.14.
Descriptive statistics and frequency tables were generated.
Chi-square tests and logistic regression were used to assess
statistical differences.

RESULTS
Study cohort
The total number of charts reviewed was 4407. One
thousand one hundred eighty two charts were sampled
from clinic #1; 948 charts from clinic #2; and 1089 from
clinic #3 and 1 188 charts were reviewed from clinic #4
(Table 1). In order to facilitate a comparison of HCV
management practices between races, we included only
those charts in which race information was recorded.
Approximately 23% of the charts reviewed did not include
the race or ethnicity of the patient with clinic #1 having
the lowest percentage of undocumented race/ethnicity
(11%). Clinic #2 was missing approximately 24% of
race/ethnicity documentation as compared to 26% for
the Internal Medicine university-based practice and 31%
for the Family Medicine university-based practice. Of the
3 413 charts with documented race/ethnicity which were
included in the analysis, 1333, 1103, and 846 were reported
as black, Hispanic, and white patients, respectively. Racial/
ethnic groups were similar with respect to the average age
of patients at the time of review (mean age 43). Fortyfour percent of blacks were male, as compared to 34% of
Hispanics and 45% of whites.
Documentation rate of HCV risk factors and the effect of
race/ethnicity
Primary care providers documented a history (positive or
negative) of IDU and/ or transfusion, arguably the most
important risk factors for HCV acquisition, for 12% and
2% of patients, respectively. Only 0.48% (n = 21) of the
total study population (n = 4407) were documented as
having a positive history of transfusion prior to 1992.
A history of percutaneous exposure as a health care
www.wjgnet.com
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Table 2 Prevalence of HCV risk factors documented in patient charts by race/ethnicity

HCV risk factor

Black

Hispanic

White

n = 1333

n = 1103

n = 846

With risk factor
n (%)

Info available
n (%)

With risk factor
n (%)

48 (4.4)e

19 (40)

134 (16)

11 (8.2)

7 (32)

11 (1.0)

2 (18)

29 (3.4)

9 (31)

1 (0.1)

1 (100)

2 (0.2)

2 (100)

1 (0.1)

History of drug use

957 (72)a

359 (38)b,c

820 (74)a

History of STD

517 (39)b

IDU
Transfusion
HCV needle stick

Info available
n (%)

With risk factor
n (%)

241 (18)

54 (22)

22 (1.7)

Info available
n (%)

94 (11)

535 (63)

1 (100)
53 (10)

350 (68)b,c

550 (50)b

185 (34)

164 (19)

53 (32)

b

390 (86)

396 (36)b

305 (77)a

119 (14)

108 (91)

Tattoos

15 (1.1)

11 (73)

2 (0.2)

1 (50)

21 (2.5)

17 (80)

Piercing

2 (0.2)

0 (0)

1 (0.1)

0 (0)

1 (0.1)

1 (100)

Prostitution

9 (0.7)

6 (67)

3 (0.3)

2 (67)

1 (0.12)

1 (100)

Incarceration

38 (2.8)

36 (95)

12 (1.1)

12 (100)

4 (0.5)

3 (75)

History of HIV testing

452 (34)

a

P < 0.05 vs whites; cP < 0.05 vs Hispanics; bP < 0.001 vs whites; eP < 0.05 vs blacks and whites.

worker was rarely specified (n = 4). Patients’ histories of
prostitution, incarceration, tattoos or body piercing were
recorded for less than 2% of patients. Ascertainment of a
history of non-injection drug use and sexually transmitted
diseases occur red for 67% and 34% of patients,
respectively (Table 2).
When documentation of HCV risk factor
ascertainment was compared between different races/
ethnicities, overall, minorities were more likely to have
information regarding a risk factor documented than their
white counterparts (79% vs 68%, P < 0.0001). Hispanics
were much less likely to have had a history of IDU
(positive or negative) documented than other groups;
(4.4% ascertainment rate compared with 18% and 16%
for blacks and whites, respectively) (P < 0.0001). Blacks
and Hispanics were more likely to have had a documented
history of non-IDU (72% and 74%, respectively) as
compared to whites (63%, P < 0.05). Hispanics were more
likely to have a chart entry regarding sexually transmitted
diseases than were blacks (50% vs 39%) and blacks were
more likely to have this history documented than whites
(39% vs 19%, P < 0.001). Statistical comparisons were not
used to assess differences between racial/ethnic groups for
prostitution, incarceration, tattoos or body piercing due to
the low rate of ascertainment.
Among patients who denied IDU, higher rates of other
risk factors were reported among minorities. For example,
64% (29/45) of the minorities who denied IDU admitted
non-injection drug use as compared to 31% (5/16) of the
whites (P < 0.05). In addition, 25% of minorities (55/216)
who denied IDU had a history of an STD documented as
compared to 5% (7/123) of whites (P < 0.05).
Overall, females (74%, n = 2 469) were more likely
than males (71%, n = 1 818) to have infor mation
regarding a risk factor history (positive or negative
history) documented in the chart (P = 0.0091). However,
among those individuals who had risk factor information
documented, males (54%) were more likely to have a
positive risk factor history than females (30%) (P < 0.0001).
Among individuals with a documented positive HCV risk
www.wjgnet.com

factor, there was no difference in the percentage of males
and females tested for HCV (P = 0.176).
The odds of having documented information regarding
HCV risk factors decreased by 1.4% with each additional
year of age (P < 0.0001). Among those individuals who
had risk factor information documented (n = 3113), the
odds of having a positive risk factor history decreased
by 1.7% with each additional year of age (P < 0.0001).
Among individuals with a documented positive HCV risk
factor (n = 1158), the odds of being tested increased by
1.3% with each additional year of age (P = 0.025).
HCV testing
Overall, minorities were less likely to be tested for HCV
than whites in the presence of a known risk factor (23%
vs 35%, P = 0.004). Of the 12% of patients for whom
information regarding IDU was recorded (n = 531), 19%
admitted this behavior. Of this group (blacks n = 54,
Hispanics n = 19, whites n = 11), 55%-58% were tested for
HCV, with no differences among the race or ethnic groups.
Of the 21 patients documented as having a history of
blood transfusion prior to 1992, approximately 67% were
tested for HCV. Because the rate of documentation was
so low for a history of transfusion, comparisons between
racial/ethnic groups could not be made with respect to the
rate of testing in the presence of this risk factor. Thirtysix percent of patients with tattoos and 50% of individuals
with body piercing and with no identified other risk factor
were tested for HCV (Table 3). Of those patients with a
history of incarceration, 30% were tested. In the absence
of IDU or prior blood transfusion, a history of sexually
transmitted disease, non-injection drug use, engaging in
sexual activity with or as a commercial sex worker, or a
history of HIV testing were associated with testing rates
of 19%, 22%, 33% and 24%, respectively. Due to the low
rate of documentation of risk factors by the physicians,
it was not possible to compare rates of testing between
racial groups for piercing, incarceration, prostitution, and
tattoos.
Among patients who denied risk factors when asked,
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Total HCV positive patients
n = 108

Table 3 Rates of testing among individuals with a documented
non conventional HCV risk factor but no conventional risk
factors
Number
with only non-conventional
1
risk factors
Tattoos
Piercing
History of drug use
Prostitution
Incarceration
History of STD
History of HIV testing

33
4
513
6
60
706
903

Tested (%)

36.4
50.0
21.6
33.3
30.0
19.4
24.1
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HCV positive patients
(Race known)
n = 93 (86%)

HCV positive patients
(Race unknown)
n = 15 (14%)

Documentation of referral
n = 37 (40%)

Documentation of referral
n = 7 (47%)

White
71%

Black
32%

Hispanic
40%
(P = 0.06)

1

Patient may be included in more than one category.

the proportion tested for HCV was higher for blacks (20%,
n = 187) and Hispanics (24%, n = 29) than for whites (13%,
n = 123) (P < 0.05).
Overall, seven percent of patients in whom no risk
factors were documented (n = 3212) were still tested for
HCV. Hispanics (9.9%, n = 848) were more likely to be
tested than both blacks (5.4%, n = 737) and whites (6.4%,
n = 733) in the absence of any documented risk factor.
HCV referral practices
Of the 93 patients who were identified as being HCV
positive (and for whom race/ethnicity was known), 37
(40%) had chart documentation of referral to a specialist.
Of this group, 71% of white patients were referred, as
compared to 40% of Hispanics (P = 0.06), and 32% of
blacks (Figure 1). Among HCV positive patients whose
race was not known (n = 15), 47% were referred to a
specialist. Of these, 10 patients were from clinic #2, which
serves a predominantly black population.

DISCUSSION
Overall, minorities were more likely to have information
regarding HCV risk factors documented than their
white counterparts. However, the ascertainment of IDU
and blood transfusion prior to 1992, arguably the most
important risk factors for HCV acquisition, was low, 12%
and 1.8% respectively. Perhaps the greatest significance of
these findings is that even in populations with expected
high rates of risk factors, recommended management
practices for risk factor ascertainment are infrequently
followed[9].
Overall, minorities were less likely to be tested for
HCV than whites in the presence of a known risk factor.
The underlying reason for this is unknown but deserves
further study. Rates of testing among patients who had
a documented history of IDU or blood transfusion
prior to 1992 were low, regardless of race. This finding
demonstrates that recommendations regarding HCV
testing practices are infrequently followed[9-12]. The reason
for low rates of testing among minorities in the presence
of a risk factor is likely to be multifactorial. Practitioners
may be more likely to ask minority patients about
risk behaviors, given an implicit understanding of the

Figure 1 HCV referral practices.

surrounding urban community and the epidemiology of
HCV, but less likely to test if the provider feels that the
patient would not be a candidate for treatment or if the
patient would not opt for treatment.
Minorities were more likely than non-minorities to be
tested for HCV in the absence of a recorded risk factor,
or if such a history was denied. This finding could be
explained by undocumented factors which might have led
to testing, or the more frequent documentation of nonintravenous drug use in this population, which might be,
in turn, interpreted as a risk for the acquisition of HCV.
Unfortunately, medical record information did not allow
us to more carefully assess these factors.
The rate of referral among patients who tested positive
for HCV differed among the race groups. Specifically,
minorities were less likely than whites to be referred for
subspecialty evaluation. Although of potential significance,
this finding may have been affected by missing referral
information, local resources, as well as patient and provider
perception of the need for and benefit of treatment.
Our study is limited in scope due to several factors.
We performed the study in a relatively small number of
practices which may reflect idiosyncrasies of a few treating
physicians or have been affected by patient demographics
which were unique to the local area. Moreover, we could
not assess whether cultural, educational, or economic
factors affected risk assessment and testing practices.
Despite these limitations, the low rate of testing in a
potentially high-risk population has serious implications;
any strategy to test patients at risk for acquisition of HCV
must be preceded by a plan that increases the rate of risk
factor ascertainment in primary care.
Therefore, recommendations must be developed
for physicians to increase the rate of identification of
individuals who may have been exposed to HCV in the
past as well as appropriate testing. Although primary care
physicians are responsible for screening for multiple health
problems during a routine health care visit, the benefits
of identifying HCV risk factors and infection must not be
overlooked. Risk factor screening and identification allows
for patients to be educated regarding the risks of injection
drug use and needle sharing. Appropriate testing and
diagnosis of HCV allows for the patient to be evaluated
www.wjgnet.com
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for treatment and receive counseling regarding alcohol
cessation. In addition to physician education, patient
education campaigns must also be developed to increase
patient compliance with testing recommendations made by
their physicians.
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and ethnic minorities are sought. The results of this study may be of interest to
epidemiologists and other public health professionals. The findings of this study
address a deficit in the literature related to HCV in minorities and provide the
background for future studies and intervention endeavors aimed at improving HCV
identification and management in primary care settings.
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The results show that risk factors are often missed and minority patients are less
likely to be tested for HCV and to be referred for treatment. The authors conclude
that, although their investigation has some selection biases, the results indicate
the existence of a consistent reservoir of infection in subgroups of patients,
[specifically] black and Hispanic. Although “expected” given the characteristics of
the population selected, the results are interesting.
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Abstract
AIM: To develop a new formulation with hydroxy propyl
methyl cellulose and Shellac coating for extended and
selective delivery of butyrate in the ileo-caecal region
and colon.
METHODS: One-gram sodium butyrate coated tablets
13
containing C-butyrate were orally administered to 12
healthy subjects and 12 Crohn’s disease patients and the
13
13
rate of C-butyrate absorption was evaluated by CO2
breath test analysis for eight hours. Tauroursodeoxycholic
acid (500 mg) was co-administered as a biomarker of
oro-ileal transit time to determine also the site of release
and absorption of butyrate by the time of its serum
maximum concentration.
R E S U LT S : T h e c o a t e d fo r m u l a t i o n d e l aye d t h e
13
C-butyrate release by 2-3 h with respect to the uncoated
tablets. Sodium butyrate was delivered in the intestine of
all subjects and a more variable transit time was found
in Crohn’s disease patients than in healthy subjects.
13
The variability of the peak CO2 in the kinetic release of
butyrate was explained by the inter-subject variability
in transit time. However, the coating chosen ensured an
efficient release of the active compound even in patients
with a short transit time.
CONCLUSION: Simultaneous evaluation of breath
13
CO 2 and tauroursodeoxycholic acid concentrationtime curves has shown that the new oral formulation
consistently releases sodium butyrate in the ileo-cecal
region and colon both in healthy subjects and Crohn’s
disease patients with variable intestinal transit time. This
formulation may be of therapeutic value in inflammatory
bowel disease patients due to the appropriate release of
the active compound.

INTRODUCTION
Butyric acid, a short chain fatty acid, is the main colonic
bacterial product of non-starch polysaccharides[1]. Impaired
butyric acid metabolism (usually as butyrate species) has
been implicated in the development of ulcerative colitis
(UC)[2] but there are conflicting data regarding its role in
the pathogenesis of UC[3-11]. Large bowel mucosa biopsy
specimens from quiescent UC patients have also shown
reduced oxidation of butyrate but not of glucose and
glutamine, the two other major fuel sources for colonic
epithelium[3]. In vitro studies conducted in terminal ileal
mucosa biopsy specimens from UC patients support this
concept [4]. A study on colonic sodium butyrate (NaB)
metabolism using 14C-butyrate rectal instillation and 14CO2breath test in patients affected by extensive UC showed a
reduction in NaB oxidation, which returned to normal on
remission[10]. The authors concluded that while impaired
NaB metabolism is unlikely to be a primary cause of
UC, impairment of short chain fatty acid metabolism by
coloncytes may be a pathogenic factor. Another study
indicated that in quiescent UC patients, the rate of NaB
metabolism is not impaired[11].
It has recently been demonstrated that NaB exhibits
anti-inflammatory properties as documented by a strong
inhibition of interleukin (IL)-12 production by suppressing
both IL-12p35 and IL-12p40 mRNA accumulation, and
enhances IL-10 secretion in Staphylococcus aureus cellstimulated human monocytes [12]. Investigation of the
effects of NaB on some G1 phase-related proteins in a
colon carcinoma cell line (HT29) has revealed another
potential pharmacological property, since NaB is able
to reduce cyclin D1 and p53 level in a dose-dependent
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fashion and to suppress cell growth[13]. Thus, the lack of
NaB in diets poor in carbohydrates could lead to clinically
relevant functional alterations. In vivo, the growth
inhibitory effects of NaB on colon cancer cells appear to
be somewhat less marked[14,15].
Some clinical applications of NaB treatment have
already been successfully evaluated. NaB enemas seem to
provide an effective treatment for acute radiation proctitis,
accelerating the healing process[16,17]. Oral co-administration
of NaB and mesalazine in patients with active UC seems
to improve the efficacy of mesalazine monotherapy[18,19].
These considerations prompted us to develop a new
oral formulation in which NaB is released in the terminal
ileum and colon, the target of its potential pharmacological
activity[19].
The main problem in the development of controlled
release formulation is to extrapolate in vitro release data to
those achieved during in vivo studies. This is particularly
crucial for drugs used in patients with gastrointestinal
diseases in which the intestinal transit time shows a high
variability.
The colonic target release of enteric coated butyrate
requires an optimized coating able to prevent an early
release (duodenum-jejunum-ileum) resulting in an
absorption and metabolism of butyrate before reaching
the colon. The coating is expected to release NaB from the
ileo-caecal region as a result of a variation of intestinal pH
but a delayed release delivery kinetic would result in a loss
of a relatively high amount of butyrate in the stools.
Tuleu et al[20] have developed pellets for colonic delivery
of NaB via oral route. When they are administered to rats
a large amount is lost in the caecum for coating dissolution
problems.
Optimization of the tablets is therefore crucial to
deter mine in the healthy subjects and patients with
Inflammatory bowel disease (IBD) the exact delivery site
of butyrate in the intestine thus reducing false negative
data in term of efficacy due to a poor delivery of the
active compound in the target area.
Sodium butyrate tablets (1 g) coated with hydroxyl
propyl methylcellulose (HPMC) and natural polymer Shellac
have been developed and optimized by conventional in
vitro studies. In the present study the optimal coating
thickness was optimized in vivo by evaluating the release of
the active ingredient by the kinetics of 13CO2 excretion in
the breath of healthy subjects and Crohn’s disease patients
after oral administration of 13C-labeled NaB included
in the 1 g tablets. The rate of 13CO2 production is the
result of 13C-NaB intestinal absorption and metabolism
that was evaluated by the rate of production of 13CO2 in
exhaled breath over 8 h. The 13C/12C isotope ratio was
measured by isotope ratio mass spectrometry (IRMS). The
intestinal transit time was evaluated by simultaneous coadministration of tauroursodeoxycholic acid (TUDCA).
TUDCA was selected as a biomarker of oro-ileal transit
time since it is absorbed actively only in the ileum, the time
of its peak serum level reflects the oro-ileal transit time. A
sensitive and specific enzyme immunoassay was performed
to evaluate serum TUDCA concentration at various time
intervals after administration as previously described[21].
To evaluate the kinetics of the release of NaB from
www.wjgnet.com
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the tablets, we compared the time of maximum 13CO2
excretion with that of peak serum TUDCA concentration
within individual subjects in order to overcome the high
variability in intestinal transit time.

MATERIALS AND METHODS
Oral NaB formulation
Plain and coated tablets containing hydroxyl propyl
methylcellulose and shellac with a pH dependent extended
release coating were used in the study. Both formulations
contained 1 g of NaB and three batches of tablets
containg 5%, 10% and 20% w/w of 13 C-NaB (CIL,
Andover MA, USA) were prepared.
The difference between the two tablets was the
internal pre-coating of HPMC and external coating of
shellac, which is resistant to desgregation up to pH 7.
All other excipients of the formulations were identical.
The pre-coating of HPMC was made to avoid that
basic characteristics of the active ingredient in the tablet
nucleus would induce an early dissolution of shellac
which is resistant to acid pH and soluble to basic pH.
In order to optimize the release of NaB in the colon,
different thickness films of shellac (50, 80 and 120 μm)
were studied. Coated tablets (Sobutir) were supplied by
Promefarm srl, Milan, Italy. The different formulations
were then administered to the same subjects in order to
verify simultaneously the kinetic of NaB release in relation
to the oro-ileal transit time evaluated by the time of the
serum TUDCA peak and select the formulation that would
be admitted to the complete study.
Subjects studied
The study was carried out in 12 healthy subjects (6 males
and 6 females, median age 42 years, range 18-60 years)
and 12 Crohn’s disease patients (9 females and 4 males,
median age 40 years, range 18-65 years) with a relatively
mild activity index ranging from 320 ≥ C.D.A.I. ≥ 220[22].
To avoid any difference in the transit time, we studied
only patients with the same level of activity index. In
addition, the patients studied had no pure ileal or ileocolonic involvement and they did not receive steroid or
immunosuppressive treatment. All patients during the
study presented diarrhoea. Before this final controlled
study volunteers received the different formulations under
development and between the different studies a washout
period of one week was used. Thirty minutes before the
study, 2 mL of blood was collected for the baseline values,
as were two separate samples of breath in a 10 mL capped
glass tube. After administration of the 1 g 13C-NaB tablet
and of 500 mg TUDCA as gelatine capsules (Tudcabil®,
Pharmacia Upjohn, Milan, Italy), the subjects received a
standard liquid test meal of 375 Kcal, containing 17 g of
fat, 10.4 g of protein and 10 g of carbohydrates. Breath
and blood samples were collected at 30 min intervals
over an 8-h period (unless otherwise specified). The oroileal transit time was defined as the time interval between
administration of TUDCA and the peak serum TUDCA
(Cmax) time[21]. The time of the maximum 13CO2 breath
excretion was used to represent the time of release and
absorption of sodium butyrate. The study approved by
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Figure 1 Excretion of breath 13CO2 after oral administration of uncoated (A) and shellac-coated (B) 1 g NaB tablets containing 10% w/w of 13C-NaB in 12 healthy subjects.
The experiment of each formulation was repeated three times in the same subject for different weeks.

the Ethical Committee of University of Bologna was
conducted according to the institutional guidelines.
Analytical methods
13
CO2 breath test: 13CO2 in each of the duplicate breath
samples was analyzed by continuous flow isotope ratio
mass spectrometry (IRMS; ANCA, PDZ Europa Ltd,
Cheshire U.K.). The results were expressed as δ13C that
was calculated from:
13
δ C=

13

C/12C (sample)
- 1 × 1000
13
C/12C (std)

where 13 C/ 12 C (std) is the Pee Dee Belemnite (PDB)
reference standard 13 C/ 12 C ratio, the final value was
expressed as a milli percentage (δ13C%).
Serum TUDCA enzyme immunoassay
Serum TUDCA levels were determined by a specific
chemiluminescent enzyme immunoassay previously
developed and optimized in our laboratory[21]. The method
is a solid-phase competitive format with a TUDCAspecific polyclonal antibody immobilized on 96 wells black
polystyrene microtiter plates. A horseradish peroxidase
(HRP)-UDCA conjugate was synthesized, purified,
properly characterized, and used as enzymatic tracer.
Fo r t h e T U D C A a s s ay 1 0 0 μ L o f t h e s a m p l e
(serum diluted 1/50, v/v with assay buffer: 0.05 mol/L
phosphate/EDTA buffer, pH 7.4, containing 1 g/L bovine
serum albumin) or of six standard TUDCA solutions
with a concentration ranging from 0.01 to 1000 nmol/L
was incubated in the 96-well microtiter plates coated with
the antibody for 1 h at 37℃ with 100 μL of the properly
diluted HRP-UDCA tracer. After washed with assay
buffer, 100 μL of the chemiluminescent substrate (H2O2/
luminol/enhancer SuperSignal ELISA Pico, Pierce, Ⅱ,
USA) was added and the light signal was measured using
a PMT based luminometer microtiter reader (Luminoskan
Ascent, Thermo Electron Corporation MA, USA) .
TUDCA concentrations were determined by a plot of
chemiluminescent (CL) signal vs the log of concentration

and the best data fit was obtained by linear regression of
the six point standards. Serum TUDCA was expressed as
nmol/L of serum.

RESULTS
Optimization of NaB oral formulation
The 13C-NaB dose to include in the 1 g NaB tablet was
standardized by quantifying the amount of label to
produce a breath CO2 enrichment of the 13C-isotope that
could be accurately evaluated with respect to the baseline
value representing its natural abundance.
During the course of three separate weeks, three
1-g NaB tablets containing 5%, 10% and 20% w/w of
13
C-NaB respectively, were administered to six healthy
subjects. The excretion rate of 13 CO 2 in breath was
measured and the maximum value was calculated. The
dose of 100 mg of the label was chosen giving a δ13C%
of 15.3 that was much higher than the baseline value
of -28%. This wide cut off could allow the accurate
evaluation of not only the maximum excretion of 13CO2
but also small variations during the 8-h study period and
eventually low 13CO2 excretion resulting in patients with
impaired metabolism of NaB. The coating thickness was
optimized according to the kinetics of the 13CO2 excretion
accounting for the release and absorption of butyrate from
the tablet. The results obtained with 50, 80 and 120 μm
thickness coating suggested that the coating size of 80 μm
was the most adequate to prevent a too early release and
absorption of NaB as occurred with the 50 μm thickness
and to ensure complete release of the active ingredient in a
time comparable with the oro-ileal transit time.
The NaB tablet containing 10% w/w of 13C-NaB
and 80 μm-thick coating was used to evaluate the final
perfor mance of the for mulation. The intra-subject
variability was evaluated by administering either coated
or uncoated NaB formulations three times to the same
subject in separate experiments and monitoring the
excretion of 13CO2 at 15 min time intervals (Figure 1).
In the uncoated tablet, the intra-subject variability was
very low and the curves were almost super impossible.
www.wjgnet.com
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Figure 2 Profiles of the mean 13CO2 breath excretion ( ) and serum TUDCA concentrations ( ) plotted against time. Data were collected after administration of the Shellaccoated tablet containing 10% w/w of 13C-butyrate and two gelatine capsules containing 250 mg each of TUDCA. Data are expressed as mean ± SD in 12 healthy subjects (A)
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Figure 3 Tmax obtained in control subjects (A) and Crohn’s disease patients (B) using serum TUDCA and 13CO2 breath tests.

The maximum excretion was achieved 45 min after
administration of the dose and the absorption started
just in the first 15 min. A slightly higher variability was
observed when the coated formulation was administered
as a result of an intra-subject variability in gastric emptying
and overall gastrointestinal transit. The mean peak 13CO2
excretion time of the coated tablets was 180 min (range
150-225 min), showing the extended release of NaB
caused by the shellac coating.
Serum TUDCA chemiluminescent enzyme immunoassay
Chemiluminescent enzyme immunoassay fulfilling all the
standard requirements of accuracy and precision was used.
The intra and inter studies showed that the coefficient of
variation was always below 9%. The limit of quantification
of 10 nmol/L allowed direct analysis of TUDCA in a
20-fold diluted serum sample.
The mean serum TUDCA profiles together with the
kinetics of 13CO2 excretion obtained in the healthy subjects
and Crohn’s disease patients are shown in Figure 2. The
serum TUDCA profile was characterized by two peaks.
The first peak was reached 180-200 min after TUDCA
www.wjgnet.com

administration and represented the oro-ileal transit time,
the second peak was observed after 300-400 min as a result
of the enterohepatic circulation of the absorbed TUDCA.
In the healthy subjects peak of ser um TUDCA
concentration was achieved at a median of 4 h (range 3-5 h)
after NaB administration. The mean peak 13CO2 excretion
time occurred slightly earlier at 3.5 h and the range of
variability was similar to that of TUDCA. A similar
behavior was observed in Crohn’s disease patients with a
higher variability due to variation in the intestinal transit
time.
Top panel and bottom panel are shown in Figure 3.
The Tmax was obtained in control subjects and Crohn’s
disease patients using the serum TUDCA and 13CO2 breath
tests. No subject and Crohn’s disease patient had an earlier
release of 13CO2 after administration of the coated tablets
with respect to the Tmax of TUDCA. Similarly no subject
and patient missed to give a peak of 13CO2 excretion or
reported the loss of intact tablets in stools.
The ileal release was defined (a priori) as the 13CO2
peak occurring within 30 min from the time of TUDCA
peak whereas colonic release was considered as the 13CO2
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peak occurring after this interval.
The temporal correspondence between the maximum
13
CO 2 excretion times, with the TUDCA time at the
Cmax representing the biomarker oro-ileal transit time
even if occurring at different times, usually slightly earlier
suggested that the active ingredient was still delivered in
the colon in high concentration and therefore we expected
that it would exert its activity in IBD patients.
In all the studied subjects, NaB was efficiently released
by the coated tablet, suggesting that the formulation
developed could be used in these subjects to prevent an
early absorption and deliver a large amount of NaB in the
colon just starting from the terminal ileum as shown by
the kinetic profile of 13CO2 and serum TUDCA.

DISCUSSION
The present study was designed to evaluate a new NaB
formulation able to deliver the active ingredients of
1 g tablets coated with shellac into the colon by oral
administration. The coating delayed the release of the
active ingredients by two-three hours with respect to the
uncoated formulation, thus a large amount of NaB could
reach the colon, as demonstrated by the temporal similarity
between the profiles of 13CO 2 breath test and serum
TUDCA concentration. In fact, TUDCA is absorbed by an
active carrier-mediated mechanism only in the ileum[23, 24],
and previous studies comparing the TUDCA serum levels
after its oral administration with other markers of intestinal
transit-time such as sulfasalazine showed that this method
provides a valid and practical means of assessment of the
oro-ileal transit-time[21]. Comparison of the peak times
of 13CO 2 excretion and serum TUDCA concentration
could confirm the efficacy of shellac coating in delivering
NaB to the colon independently of intestinal transit-time
variability. The dissolution of Shellac coating at pH 7 and
its thickness driving the kinetics of the dissolution process
has been well optimized and a large amount of NaB which
starts to be delivered after two hours reaches the intact
ileo-cecal region as shown by the kinetics of TUDCA
intestinal absorption.
It was recently reported that topical butyrate improves
the efficacy of 5-ASA in refractory distal ulcerative
colitis [17] , due to the presence of NaB in the colon
administered topically in situ. Vernia et al[16] demonstrated
in a pilot study that oral butyrate may improve the efficacy
of oral mesalazine in active ulcerative colitis but a large
scale investigation to confirm the present findings is still
required. In this case the NaB was administered as tablets
coated with a pH-dependent soluble polymer. More
recently it has been reported that chronic feeding (tablets,
4 g a day for 8 wk) of this enteric coated NaB formulation
(tablets, 4 g a day for 8 wk) (tablets, 4 g a day for 8 wk) can
effectively induce clinical improvement/remission in mild
Crohn’s disease[25].
An adequate enteric coating is needed for therapy of
ileo-colonic disorders since when uncoated uncoated oral
formulation of NaB is administered in an uncoated oral
formulation, the compound is promptly dissolved and
rapidly metabolized before reaching the colon as shown
by the time of the maximum 13CO2 excretion occurring
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within 30-45 min after the 13C butyrate oral administration.
A specific enteric coated formulation has been therefore
designed to deliver the drug in that portion of the intestine
keeping into account the high variability of the intestinal
transit time observed in IBD patients.
The amount of 13CO2 excreted in breath was similar
among the Crohn’s disease patients, showing that the
rate and efficiency of NaB metabolism are similar in the
healthy subjects. The patients were characterized by a mild
active disease accounting for the efficient metabolism
of butyrate and the oral formulation was expected to
deliver NaB into the colon in a similar extent as to enema
administration.
Furthermore the new coated 13C-NaB oral formulation
containing 13C-labeled butyrate can also be used to evaluate
the rate of colocyte-metabolized NaB by performing 13CO2
breath test before and after chronic administration of
NaB. The impairment of NaB utilization by colonocytes
that has been observed in previous studies[2-4] can then
readily be evaluated by measuring the reduction in
cumulative 13CO2 excretion in the 8-h period following oral
administration of colon-targeted NaB tablets. A similar
approach could also be used to evaluate the effectiveness
of therapies for IBD patients with mesalazine (either
alone or in combination with NaB) and new formulations
designed to improve NaB absorption and metabolism. The
reported NaB formulation can effectively improve oral
administration of NaB ensuring the release of the active
compound in the lower intestine portion which is the
target for its pharmacological activity.
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Abstract
AIM: To detect the presence of human cytomegalovirus
(HCMV) proteins and genes on the ileal pouch of
patients with ulcerative colitis who have undergone
proctocolectomy with ileal pouch-anal anastomosis
(IPAA).
METHODS: Immunohistochemistry, polymerase chain
reaction (PCR) and PCR sequencing methods were
utilized to test the presence of HCMV in pouch specimens
taken from 34 patients in 86 endoscopies.
RESULTS: HCMV genes and proteins were detected in
samples from 12 (35.2%) patients. The rate of detection
was significant in the endoscopies from patients
diagnosed with pouchitis (5 of 12, 41.6%), according to
the Japanese classification of pouchitis, in comparison
to patients with normal pouch (7 of 62, 11.2%; P =
0.021). In all patients with pouchitis in which the HCMV
was detected, it was the first episode of pouchitis. The
virus was not detected in previous biopsies taken in
normal endoscopies of these patients. During the followup, HCMV was detected in one patient with recurrent
pouchitis and in 3 patients whose pouchitis episodes
improved but whose positive endoscopic findings
persisted.
CONCLUSION: HCMV can take part in the inflammatory
process of the pouch in some patients with ulcerative
colitis who have undergone proctocolectomy with IPAA.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Human cytomegalovirus (HCMV) is a ubiquitous, speciesspecific beta-herpes virus that can establish lifelong latency
in the host after the primary infection. HCMV infection
is endemic within the human population, and its role as
a pathogen in the colon and ileum is still unclear. Early
studies suggested that HCMV infection initiates some
cases of ulcerative colitis (UC) [1,2] , plays a role in UC
exacerbation[3], causes self-limited colitis[4], and increases
the incidence of complications, emergency surgery or
death in patients with UC[3,5,6].
Pouchitis is a frequent complication in patients with
UC who have undergone colectomy with ileal pouchanal anastomosis (IPAA). The etiology of pouchitis is
still unknown, but several theories have been proposed,
such as genetic susceptibility, a possible novel third form
of inflammatory bowel disease (IBD) in the pouch,
recurrence of UC in the pouch, misdiagnosis of Crohn’s
disease, ischemic complication of surgery, fecal stasis, and
bacterial overgrowth. Recent studies have reported HCMV
infection as a cause of pouchitis in 3 immunocompetent
patients[7,8]. The diagnosis of this specific infectious agent
as a possible cause of pouchitis is crucial before initiating
immune modifier therapy, fecal diversion, or pouch
excision. We explored the presence of viral gene products
and proteins in the pouches of a series of patients who
have undergone proctocolectomy with IPAA.

MATERIALS AND METHODS
Patients
Enrolled in this study were 34 Japanese patients (17
females, 17 males) who underwent proctocolectomy
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with IPAA at the Department of General and Digestive
Surgery, Niigata University Hospital between 1990 and
2003. The patients’ age ranged from 24 to 68 years (mean
34.8 ± 15.4 years). Oral and written informed consent was
obtained from each patient. The study protocol adhered to
the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the institution’s ethical committee.
We reviewed the clinical and endoscopic records of all
the enrolled patients. The patients had a history of UC
between 1 to 5 years and underwent the operation in two
or three steps. The diagnosis of pouchitis was based on
clinical and endoscopic criteria according to the modified
pouchitis disease activity index (mPDAI)[9] and the Japanese
classification of pouchitis (JCP)[10]. JCP defines pouchitis
as a condition with severe endoscopic findings, or with
two or more clinical symptoms and moderate endoscopic
findings. Eighty-six endoscopies were performed in 34
patients. Twenty-eight endoscopies were performed in
patients complaining of symptoms, 46 endoscopies were
carried out in routine controls after surgery, and 12 were
performed during pouchitis follow-up. Biopsies were
performed both in areas with pathological findings (edema,
granularity, friability, erythema, loss of vascular pattern,
mucous exudates, erosion or ulceration) and in areas with
mucosa of normal appearance.
Immunohistochemistry (IHC)
Immunostaining for HCMV was performed on paraffinembedded sections with a cocktail of two monoclonal
mouse antibodies against human cytomegalovirus (clone
CCH2 & DDG9, Dako Cytomation, CA, USA) at a
dilution of 1:100. All paraffin-embedded samples from
each patient were used for IHC. According to the company
specifications, antibody CCH2 reacts with an early nuclear
protein identical with non-structural DNA-binding protein
p52 (UL44), whereas antibody DDG9 reacts with an
immediate-early nuclear protein with a molecular weight of
about 76 kDa. For both antibodies, the reactivity persists
also at later stages during HCMV infection where the
localization is less distinctly nuclear and appears to be in
the cytoplasm. Five-μm thick sections were deparaffinized
and rehydrated using graded alcohol concentrations,
then the sections were digested with trypsin (Sigma
C h e m i c a l s, G e r m a n y ) a t 3 7 ℃ f o r 2 0 m i n . A f t e r
endogenous peroxidase was blocked by incubation with
30 mL/L hydrogen peroxide for 20 min, the sections were
incubated overnight at 4℃ with the cocktail of anti-human
cytomegalovirus antibodies. Control slides from the same
biopsy block were incubated with PBS without the primary
antibody. They were then incubated at room temperature
for 30 min with g oat anti-mouse immunoglobulin
conjugated to a peroxidase-labeled amino-acid polymer,
Simple Stain Max PO (Nichirei Histofine, Tokyo, Japan).
The sections were reacted with diaminobenzidine in 50
mol/L Tris-HCL (pH 7.5) with 0.3% (vol/vol) hydrogen
peroxide for 5 min and counterstained with hematoxylin.
Polymerase chain reaction (PCR) and PCR sequencing
To confir m that our probe was specific for HCMV
nucleic acids, DNA samples were extracted from two
paraffin sections 20 μm in size, and cut from the same
www.wjgnet.com
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biopsy specimens described above with a QIAamp
DNA minikit (Qiag en, Tok yo, Japan). From each
sample, 200 ng of DNA was amplified by PCR with the
primer 5’-TGCAGTTTGGTCCCTTAAAG-3’ and 5’
-AAGAATCCTCACCTGGCTTA-3’ from the HCMV
large structural phosphoprotein (UL32) and the primer
5’-TCCAACACCCACAGTACCCGT-3’ and 5’-CGG
AAACGATGGTGTAGTTCG-3’ from the HCMV
glycoprotein B (UL55), using a method specific for UL32
gene[11] and UL55 gene[12]. The amplified DNA products
were visualized on 2% agarose gel (NuSieve GTG
agarose, FMC Bio Products, Rockland, USA) stained with
0.01% (vol/vol) ethidium bromide and visualized under
ultraviolet light. The bands of UL32 gene were cut out
and the DNA was analyzed by automated sequencing
(ABI Prism 310 Diagnostics Systems, Applied Biosystems,
Tokyo, Japan). The HCMV sequence was confirmed by
NCBI Blast, and found to be identical to that of UL32.
To avoid potential PCR contamination, all preparations
were processed masked, no positive controls were used
in any PCR reactions and a separated room was used for
the preparation of the reaction mixture. The distilled
water control gave negative results in each assay run, and
confirmed the efficiency of these preventive measures.
When IHC and/or PCR were positive, the sample was
considered to be HCMV-positive, and when both of them
were negative, the sample was considered to be HCMVnegative.
Statistical analysis
The results of HCMV detection are expressed in numbers
of patients and percentages. The results of the cumulativelife steroid dose are given as means ± SD. Statistical
significance was calculated with SPSS 13 (SPSS Inc.,
Chicago, IL, USA) using Fisher’s exact test and Student’s
t-test when appropriate, and the results were considered
significant at p ≤ 0.05.

RESULTS
Twenty-eight endoscopies were performed in patients
complaining of symptoms and 46 endoscopies were
performed in routine controls at different time points
after surgery. Four hundred and seventy-three specimens
were evaluated, 103 from patients with pouchitis and
370 from patients with a normal pouch. We detected
HCMV in samples from 12 endoscopies using IHC and
PCR. These endoscopies were performed because the
patients were complaining of symptoms (8 endoscopies)
or during routine controls after surgery (4 endoscopies).
Immunoreactivity was observed in the submucosal layer
with predominant nuclear staining of cells (Figure 1).
There were not any differences in the staining pattern
between the HCMV-positive patients with and without
pouchitis either using mPDAI or JCP. We performed PCR
for all samples, and amplified products from both genes
were detected in the same sample with positive IHC (Figure
2). No HCMV was detected in the distilled water control
that was run through the same PCR reaction.
HCMV was significantly detected in endoscopies
of patients diagnosed with pouchitis (5 of 12, 41.6%)
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Figure 1 Immunohistochemical
staining for HCMV of biopsy
samples from ileoanal pouch. Cells
in the submucosa (arrows) show
strong nuclear staining. Original
magnification x 600.

UL 32
1

2

3

4

W

N

5

6

UL 55

Table 1 HCMV detection during endoscopic examinations
of UC patients with proctocolectomy and ileal pouch-anal
anastomosis n (%)
HCMV positive

HCMV negative

P

mPDAI
Pouchitis		
No pouchitis

3 (27.2)
9 (14.2)		

8 (72.7)		
54 (85.7)

NS

JCP[11]
Pouchitis		
No pouchitis

5 (41.6)		
7 (11.2)		

7 (58.3)
55 (88.7)

[10]

8

9

10

11

12

Figure 2 Agarose gel showing UL32 gene products (lanes 1-4, 5 and 6) and UL
55 gene products (lanes 8-12). W: Water; N: HCMV-negative patient.

compared to those with normal pouch (7 of 62, 11.2%;
P = 0.021, Table 1). According to mPDAI, HCMV was
more frequently detected in patients with pouchitis (3 of
11, 27.2%) than in those with normal pouch (9 of 63,
14.2%), but this result was not statistically significant. In all
patients with pouchitis in which the HCMV was detected
in endoscopy, it was the first episode of pouchitis. In
these patients HCMV was not detected in biopsies taken
in previous normal endoscopies. The odds ratio suggested
that the presence of HCMV was 5 times more frequent
in patients with episodes of pouchitis than in patients
without.
There was not correlation between the presence of
HCMV and the duration of UC, the period of pouchitis,
the number of operations, the age, and the gender of the
patients. There was no significant difference between the
cumulative-life steroid dose and HCMV presence. The
mean of the cumulative-life steroid dose was 17152.5 mg
± 16 999.0 mg in HCMV-negative patients, and 13 347.8
mg ± 12 966.7 mg in HCMV-positive patients (p =
0.52). After the diagnosis of pouchitis, all patients began
treatment with oral metronidazole (500 mg/d). During the
follow-up, 2 patients diagnosed with pouchitis were lost
and one of them was HCMV-positive. In the samples from
12 endoscopies performed during follow-up, HCMV was
detected using IHC and PCR in 4 (4 of 10, 40%) patients.
One of these patients had recurrent pouchitis and 3
showed improvement of pouchitis episodes but persistent
positive endoscopic findings.

DISCUSSION
It has been suggested that HCMV plays a role in the
onset, exacerbation and complication of inflammatory

0.021

mPDAI: modified pouchitis disease activity index; JCP: Japanese classification
of pouchitis, NS: not significant.

bowel disease (IBD) [2-6,13-18]. However, the etiology of
pouchitis is still unknown and the role of HCMV as a
possible etiologic factor has not been studied yet. This
is the first report exploring the correlation between
HCMV and pouchitis in a group of patients with UC
who underwent proctocolectomy with IPAA. There are
three possible causes for this association: (1) the virus is
a simple bystander in the inflammatory process of the
pouch, (2) the virus takes part in the inflammatory process
after reactivation and productive infection due to another
pathogen infection, (3) the virus induces the inflammatory
process after infection.
The differentiation of latently infected monocytes[19-23]
into tissue macrophages, as occurs with intercurrent
infections, could lead to the productive infection and
dissemination of HCMV in the digestive tract mucosa
of infected patients. No single identifiable causative
organism has been detected as the cause of pouchitis, but
the infiltration of neutrophils and the proven response
to antibacterial therapy suggest that pouchitis could have
a bacterial cause [24-27]. However, different facts suggest
that HCMV is a real gastrointestinal pathogen and that it
can be partly related to the development of pouchitis in
some patients. HCMV is often detected in the absence
of other pathogens, and some UC complications have
been associated with the presence of HCMV [3,5,6] .
Moreover, colitis and pouchitis caused by HCMV infection
are known to respond to antiviral therapy [8,9,15] , and
immediate-early HCMV gene products enhance cytokine
production and cytokine gene expression [28,29] which
in vivo would lead to the pronounced inflammation in UC
www.wjgnet.com
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and pouchitis. Although the pathway of HCMV infection
and inflammation is still unclear, the increased production
of different cytokines and arachidonic acid, as well as
the increased activity of cyclooxygenase 2 after HCMV
infection[30-34], could explain the inflammatory response
in IBD and pouchitis. In our study on a small series of
patients with pouchitis, we hypothesized that HCMV may
have played an important role in the etiology of pouchitis
in those cases. We detected by IHC an early protein and
an immediate-early protein present during an early stage
of viral infection. This result corresponds to the detection
by PCR of genes that appear early after infection and then
frequently decline to undetectable levels with the passage
of time[35]. The presence of HCMV turned positive in
the episode of pouchitis. However, other factors such
as bacterial overgrowth and fecal hydrogen sulfide
production[36] could also be implicated in the etiology of
pouchitis episode in patients with no detectable HCMV.
The true incidence of HCMV infection in pouchitis
as well as in IBD may be underestimated, as diagnostic
evaluation for HCMV is not pursued in many of these
patients. In our series, the patients did not receive antiviral
therapy and HCMV antigenemia was not measured
because a diagnosis of HCMV pouchitis was not sought
on the occasion of endoscopy. However, after the
antibacterial treatment, HCMV persisted in 4 patients with
positive endoscopic findings, confirming the possibility
of a possible role of HCMV in the etiology of pouchitis
in those patients. Since multiple factors play a role in
pouchitis, the clinician must exclude HCMV infection as
the cause of pouchitis, especially in patients resistant to
treatment, before performing fecal diversion, or pouch
excision. Concomitant evaluation of the presence of
HCMV may be a clinically significant component of the
successful treatment of pouchitis.
In conclusion, the presence of HCMV in pouchitis
could partly explain the inflammatory response in some
patients with UC who have undergone proctocolectomy
with IPAA. Therefore, prospective studies with a large
number of patients and an analysis of the correlation
between antigenemia of HCMV and immunohistological
data are definitely needed to identify the specific role of
this virus.
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Abstract
AIM: To identify the precise location of putative tumor
suppressor genes (TSGs) on the short arm of chromosome 8 in patients with hepatocellular carcinoma (HCC).
METHODS: We used 16 microsatellite markers informative
in Japanese patients, which were selected from 61 published markers, on 8p, to analyze the frequency of loss
of heterozygosity (LOH) in each region in 33 cases (56
lesions) of HCC.
RESULTS: The frequency of LOH at 8p23.2-21 with at
least one marker was 63% (20/32) in the informative
cases. More specifically, the frequency of LOH at 8p23.2,
8p23.1, 8p22, and 8p21 was 6%, 52%, 47%, and 13%
in HCC cases. The LOH was significantly more frequent
at 8p23.1 and 8p22 than the average (52% vs 22%, P =
0.0008; and 47% vs 22%, P = 0.004, respectively) or
others sites, such as 8p23.2 (52% vs 6%, P = 0.003;
47% vs 22%, P = 0.004) and 8p21 (52% vs 13%, P = 0.001;
47% vs 13%, P = 0.005) in liver cancer on the basis of cases.
Notably, LOH frequency was significantly higher at D8S277 ,
D8S503 , D8S1130 , D8S552 , D8S254 and D8S258 than at
the other sites. However, no allelic loss was detected
at any marker on 8p in the lesions of nontumor liver
tissues.
CONCLUSION: Deletion of 8p, especially the loss of
8p23.1-22, is an important event in the initiation or
promotion of HCC. Our results should be useful in identifying critical genes that might lie at 8p23.1-22.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Primary liver cancer is one of the most frequent neoplasms worldwide, with both an incidence and a mortality
rate that are increasing markedly. According to a recent
report, the global number of new cases annually rose from
437 400 to 564 000 between 1990 and 2000, and is expected
to continue to rise in the future[1-4].
Hepatocellular carcinoma (HCC), the predominant
histological subtype of primary liver cancer, mostly arises
against a background of chronic liver disease, usually in
association with cirrhosis. Several risk factors for HCC
have been reported, such as chronic infection with hepatitis B virus (HBV), and C virus (HCV) or both, alcoholinduced liver injury, and dietary exposure to aflatoxin
B1 and others. Prolonged exposure to these risk factors is
thought to cause an accumulation of chromosomal aberrations and altered gene expression, and eventually results
in hepatocarcinogenesis[4-6]. In Japan, more than 70% of
HCCs develop in patients with chronic infections with
HCV [7]. Carcinogenesis is mainly researched based on
virology and the viral gene itself. However, the mechanisms by which inflammation and cirrhosis contribute to
tumor development and/or progression remain unclear.
After the human genome was sequenced, the mechanism
of generation and subsequent progression was researched
at a molecular level for HCC. Histological findings suggest
that the initiation and subsequent development of HCC
are multistep processes involving qualitative and quantitative changes in sequentially expressed genes, especially the
inactivation of tumor suppressor genes (TSGs) related to
the deletion of chromosomal regions critical for hepatocarcinogenesis[8,9]. A typical alteration in many TSGs, the
mutation of one allele, can be detected as a loss of heterozygosity (LOH) with informative markers in TSG regions.
Therefore, LOH assays have been widely used as an indirect approach in the search for a new TSG[10]. In the last
few years, genetic approaches to the detection of genomewide LOH using microsatellite markers and chromosomal
aberrations detected by comparative genomic hybridization
(CGH) have indicated that frequent allelic loss in many
different chromosomal regions, including 1p[11,12], 3p[13],
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4q[14], 6q[15], 8p[16-19], 9p[20], 10p[21], 13q[22], 22q[23], 16q, 17p
and Xq[24,25] , is closely associated with the tumorigenesis
of HCC.
We have performed a genome-wide search for LOH
with human genetic markers in several types of human
cancer and confirmed that loss of 8p is the most frequent
chromosomal alteration in prostate cancer, especially allelic
loss at 8p22, which not only is an important event in the
initiation of tumor, but also is closely associated with the
progression of primary cancer to metastatic cancer[26].
In our comprehensive allelotyping, less than 30% of
microsatellite markers located at 8p21-23, were recognized
as informative for Japanese patients. We therefore undertook an allelotype based study of 33 HCCs using the selected informative markers to obtain a comprehensive view
of the LOH on the most frequent altered chromosome,
and to identify the location of the putative TSGs in HCC.

MATERIALS AND METHODS
Tissue collection, histopathology, and DNA extraction
Thirty-three patients with hepatocellular carcinoma who
underwent liver resection were included in this study. Of
these, fifty six tumor lesions and 33 adjacent morphological non-tumor lesions were obtained from surgically
resected specimens. All specimens were formalin-fixed,
and paraffin wax-embedded tissues were processed with
routine histological methods. Use of the tissues was
approved by the Ethics Committee of the Jikei University
School of Medicine before the study. The study group
included 26 men and 7 women, ranging in age from 31 to
76 years. Of the 33 patients, 24 (73%) had a chronic infection with HCV, HBV or both and 15 (45%) had cirrhosis
in the background liver tissues. Histological diagnoses were
made according to the WHO Histological Classification of
Tumors of the Liver and Intrahepatic Bile Ducts (2000).
According to histological grade, HCC was classified into
well differentiated (WD), moderately differentiated (MD),
and poorly differentiated (PD) types. In this study, clinicopathological characteristics were also classified, such as solitary or multiple tumor, growth pattern of tumor (expansive
or infiltrative), infiltration of capsule or not, histological
grading of tumor (well, moderately or poor differentiation), and with or without vascular and bile duct infiltration. Simultaneously, we also compared LOH frequency
and etiological factors, such as chronic hepatitis with HCV
or HBV infection, and cirrhosis in the background liver
tissues. Fibrosis degree was classified as F1, F2, F3, and
F4 according to the histological grading and staging of
chronic hepatitis. In this system, liver cirrhosis was classed
as F4, which is the end-stage form of liver fibrosis. Of
the 33 patients who underwent liver resection, 18 had a
solitary tumor nodule and 15 had multiple tumor nodules.
All lesions from each case were selected and reviewed by
two pathologists in order to confirm the original diagnosis.
The tumor (T) and corresponding non-tumor hepatocytes
(H), and remaining nonhepatocytes that were portal vein
lesions (P) were micro-dissected from 15-μm tissue specimens after deparaffinization and nuclear staining. Normal
tissues were obtained from the gallbladder or lymph nodes
collected from the same patients (Figure 1). DNA was ex-
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tracted using the standard phenol/chloroform method as
described previously[26].
LOH analysis
Matched tumors, corresponding non-tumor liver tissues,
and normal tissue DNAs were analyzed for LOH by amplification of polymorphic microsatellite markers using the
polymerase chain reaction (PCR). Sixty-one published microsatellite markers, located at 8p23.3, 8p23.2, 8p23.1, 8p22,
and 8p21, were selected from the Genome Database (available at http: //www. gdb. org). A total of 16 microsatellite
markers were identified as informative in Japanese patients
and used (Table 1).
DNA amplification was performed in 10-μL volumes
containing 100 ng of genomic DNA as a template. Each
PCR mixture contained 1.5 mmol/L MgCl2, 100 μmol/L
forward and reverse primers, 200 μmol/L each of dATP,
dGTP, dTTP and dCTP, 10 μCi of [α-32P] dCTP (6000
Ci/mmol, Amersham, Biosciences Corp., Piscataway, NJ),
1 U of Taq DNA polymerase (Wako Pure Chemical Industries, Ltd., Osaka, Japan), and 1 × PCR buffer. After
the initial denaturation at 94℃, 35 PCR cycles, each consisting of denaturation at 94℃ for 30 s, annealing at 65℃
-50℃ for 30 s, elongation at 72℃ for 1 min, and a final
extension at 72℃ for 5 min, were performed in a 96-well
Hybaid thermocycler (Gene Amp PCR System 9600,
Takara, Tokyo, Japan). Ten microliters of PCR products
were denatured with 30-60 μL of dye solution (95% formamide, 10 mmol/LEDTA (pH 8.0), 0.2% xylene cyanol
FF, and 0.02% bromophenol blue) at 95℃ for 3 min and
then cooled on ice immediately. Three microliters of denatured products were separated on a 6% urea-formamidepolyacrylamide gel and electrophoresed at 40 W for 2-3 h
at room temperature. The dried gel was exposed to Hyperfilm MP (Amersham Biosciences Corp.) for 3-7 d and
reexposed to another film for 2-3 wk.
Criteria for LOH
A pair of regular and longer-exposed autoradiographs was
reviewed independently by two of the authors (T. L. and
CX. M.). Informative pairs were judged by visual inspection to show LOH, no loss or to be noninformative.
LOH was defined as a loss of intensity of 60% or
greater in 1 or more alleles in the tumor (T) or corresponding hepatocytes (H) compared with the identical allele in
the normal tissue (N) (Figure 1).
Statistical analysis
The differences in LOH frequency between tumor,
nontumor and normal tissues for individual markers and
background values were determined with Fisher’s exact
test.

RESULTS
The distribution of the frequency of LOH at 8p23.2,
8p23.1, 8p22 and 8p21 for hepatocellular carcinoma is
shown in Table 2. Allelic loss at 8p23.2-21 was detected
with at least 1 marker in 18 of 32 (56%) cases of liver
cancer. More specifically, the frequency of LOH at 8p23.2,
8p23.1, 8p22, and 8p21 with at least 1 marker was 6% (1
www.wjgnet.com
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T2
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H

T

P

N

H

P

T1

T2

N

D8S1130- Case 7

H

P

T

D8S503- Case 20

Figure 1 Representative examples of LOH in two cases of hepatocellular carcinoma (N: normal; H: hepatocytes; P: portal vein; T: tumor; number beside T indicates
different lesion): case 7 showing partial loss of upper alleles in lesions of tumor 1 and tumor 2 but not in lesions of hepatocytes and portal vein at D8S1130; case 20 showing
complete loss of upper alleles in lesion of tumor but not in surrounding non-tumor tissues at D8S503.

of 16), 52% (16 of 31), 47% (15 of 32), and 13% (4 of
32) for liver cancer cases respectively (Table 2). A similar
result was obtained in the lesion-to-lesion comparison (data
not shown). In contrast, no allelic loss at any markers on
8p was detected in the background liver tissue. The average frequency of LOH at 8p23.2-21 was 22% (58 of 264)
in informative cases. We found that LOH at the 8p23.1
and 8p22 loci was significantly higher than the average in
HCC cases (P = 0.0008, and P = 0.004, respectively). But
allelic loss at 8p23.2 and 8p21, the loci on either side of
the 8p23.1-22 region, tended to be lower than the average.
On the other hand, no allelic loss (0 of 52 lesions) was
detected at any informative markers on 8p23.2-21 in the
surrounding liver tissues. Moreover, allelic loss at D8S277,
D8S503, D8S1130, D8S552, D8S1109, D8S254, and
D8S258 was 25%, 42%, 39%, 43%, 24%, 43% and 50%,
respectively, significantly higher than that elsewhere and
the average frequency at 8p.
Correlations between LOH frequency and clinicopathological variables are summarized in Table 3. To determine
whether allelic loss at 8p was associated with clinicopathological characteristics and reveal its biological role in the
initiation and/or progression of tumors, we compared the
frequency of LOH based on almost all of the clinicopathological findings. Corresponding to the result described
above, the LOH frequency tended to be higher at 8p23.1
and 8p22 loci than at 8p23.2 and 8p21 loci for all clinicopathological findings, but no significant difference in LOH
frequency was found between the liver cancer positive or
negative for malignant factors. In other words, no association was detected between the deletion of 8p23.1-22 and
subsequent progression of the tumors.
www.wjgnet.com

The distribution of LOH frequency based on the fibrosis (F) of background liver tissues, which is usually
thought to be associated with hepatocarcinogenesis, was
also analyzed. The frequency of LOH at 8p23.1 or 8p22 in
F1, F2, F3, and F4 was 75% (3 of 4), 78% (7 of 9), 20% (1
of 5), and 38% (5 of 13), or 100% (2 of 2), 56% (5 of 9),
40% (2 of 5), and 46% (6 of 13), respectively. No statistically significant difference in LOH frequency was found
on the basis of the fibrosis staging at 8p. Allelic loss at 8p
even tended to be slightly more frequent in cases of tumor
with earlier-stage fibrosis than in cases with advanced stage
fibrosis of the background liver tissues.

DISCUSSION
Previous studies of LOH have reported that allelic loss
of 8p is the most frequent chromosomal alteration in a
variety of human cancers and have suggested that one
or several tumor suppressor genes (TSGs) may lie within
the short arm of chromosome 8[16-19]. To further identify the precise location of the putative TSGs that might
potentially be involved in the tumorigenesis of HCC, we
performed a high-density LOH study of HCC at 8p using
recently developed microsatellite markers. Only 16 of 61
(less than 30%) were identified as informative for Japanese
patients. Furthermore, among the informative markers, the
informative cases for all specimens were usually lower (from
20% to 70%) for Japanese than for Westerners. The samegeneral tendency has been found in various other types of
cancer, possibly because Japan is not multiracial like Western countries. This has led us to suggest that using this
characteristic might be more efficient for identifying
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Table 1 Informative microsatellite markers were selected and used in this study
No. Locus

Markers

Genetic map Forward
(cM)

Reverse

PCR product result
size (bp)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

8p23.3
8p23.2
8p23.2
8p23.2
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1
8p23.1-22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22

D8S7
D8S1164
D8S264
D8S262
sts-X53793
D8S1742
D8S277
D8S1918
D8S1819
D8S1140
D8S503
D8S1672
AFM234ve1
D8S2045
D8S1130
D8S1946
D8S1640
D8S2060
D8S552
D8S1109
D8S2066
D8S1106
D8S1451
EST465487
D8S1647
stSG29388
D8S1713
SGC33312
D8S2080
D8S2081
SHGC-24261

Not listed
Not listed
0.7
4.3
Not listed
Not listed
8.2
Not listed
10
Not listed
16.2
Not listed
Not listed
Not listed
22.4
Not listed
Not listed
Not listed
26.4
26.4
Not listed
26.5
Not listed
Not listed
Not listed
32
Not listed
Not listed
Not listed
Not listed
Not listed

ACCCTGACAGCAGAGGTTTC
CACAAATCAGATTTTTGAAGTTGC
ACATCTGCGTCGTCTTCATA
AGCTCAAAAGCGAAGGTGAT
TCGACTACCCAGTGGTCTTG
CCCCCACCAAGACACA
GATTTGTCCTCATGCAGTGT
GAATGTCATGCTGGGAACG
TCACTGAGGGACTTGGC
GACAACATCCGATAATGCTG
GGTTACGAGTTTTGTCCTTTG
AACTGAGATCACGCCACTCC
TACCGCAAAACACACCA
CCGATTGCTTCATCGGGAC
GAAGATTTGGCTCTGTTGGA
GCACAAGATCAGAGAGGTTGTG
TGCAGTCTGCGGGAGTTC
CTCTCCGGGAATGTAATACTGC
CCTGTACCATACCCCTGTATC
TTCTCAGAATTGCTCATAGTGC
TTTTCTCCATCCGGTGACTC
TTGTTTACCCCTGCATCACT
AACCTAAGGTTCTGTGCTACATCA
TTTGTTTGGGTGGAGGACTC
CCAGAATTTTGAAATAGATTCATCC
GCAGTGAGATTTTGCTTCTGG
CAGGGGCTGATTGTCAGAAC
AGGGCCTTGGGAACACTC
GACTCAAAGAGAACCTGCCG
ACCCAGTTACAGCACTGTAATATCA
AAGCAGAGATAAGCCCGACA

ACCCTGACGTTCTCCCAGTA
GGGTTAGACGGACAACCTCA
CCAACACCTGAGTCAGCATA
GGCAACAAAGTGAGATCCTG
GTTCAAAATGCTTGCTCGC
CTCAAGGGATATGAAGGGCA
ACATGTTATGTTTGAGAGGTCTG
GTAGCTCTCAAAGCAAATTATGAGC
CGTGCTGAGAATGAGACC
GAGGACATCTAGATAATTGGAAGA
GAAACAAACCAATGTAGGAGTG
CCCATTGGTTTTAGAGTGGC
GCAGCCTTAGTTGACAACA
CGCCTCCTCCTCTGAAATCCT
TGTCTTACTGCTATAGCTTTCATAA
GAGGAGAGATGGTGTTGGGA
AGCAGGGTGACTGTAAAGAAGG
GAGCTGGGAGTTACTGCCTG
AAGGTTTGAATCTCTCAGTGG
TCAGCTCCTCTTCTGCTGAT
CCAACTACGGCATGGTTTCT
TTCTCAGAATTGCTCATAGTGC
AACTTACCAAGGCCGTTTAGG
TGGACATCTGCCTAGGTCCT
AAATTTTGTAAATATCAGTGTTCCG
ATGAACATTCAATGAATCAGCA
GTGGCTGTCACCAAGGTCTC
TCAGTTTAAATGGATGGTTTTTACT
TAGGTTGGTGAGCACACGTC
CTCTACCCCGAAATGATGGA
TTTCTTTAGATGGAGTCCATTGC

250-252
225
121-145
114-128
127
130
121
108
207
378
136
149
245
120
145
102
175
256
132
241
175
149
149
250
174
125
113
137
132
147
123

ni
ni
in
in
ni
in
in
ni
in
ni
in
ni
ni
ni
in
ni
ni
ni
in
in
ni
ni
ni
ni
ni
ni
ni
ni
ni
ni
ni

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p22
8p21.3
8p21.3
8p21.3
8p21.2
8p21.2
8p21.2
8p21.1
8p21.1
8p21.1
8p21
8p21
8p21
8p21
8p21
8p21
8p21
8p21

SHGC-52401
D8S254
D8S2001
SHGC-5873
D8S261
AFM234vf4
D8S1948
D8S2028
D8S258
D8S1949
D8S1983
D8S1786
D8S298
D8S2050
D8S1752
D8S1734
D8S2256
D8S2259
D8S1220
D8S1445
D8S2261
D8S1444
D8S2249
D8S2248
D8S2247
D8S2262
D8S339
D8S2245
D8S2244
D8S2246

Not listed
Not listed
Not listed
Not listed
35.8
Not listed
Not listed
Not listed
40.3
Not listed
Not listed
Not listed
42.7
Not listed
Not listed
44.9
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed
Not listed

ACAGGATAGTGTTAGGCTCACATG
TGCCGGACATACATTAGTGA
GACATTGAATTCCAGTATTTGTGC
GACACACACATACAGAAAACCA
TGCCACTGTCTTGAAAATCC
GGGCACAGGCATGTGT
TTACAAAACATACCCAGTGTTTGG
TCAAAAGTTTTGTTTCTATTCAGGG
CTGCCAGGAATCAACTGAG
TGTCTTACAGCTCTCCCTCTCC
ATTGGAAGAGGCAAATGGTG
CGAAAGATTGAGACCCCAT
AGGCTTACACCCATGGACC
TGCCAATATCAGTGGAAGAGG
TCCTGGATCAGGCAGAAA
GCTATCCACTTGTCCCAGA
GTGTCTTGAGATACTGGTGA
TGAAAGCCTGTTTAGAGAGA
TTCCGTATACACATGCACCC
GCAACAGAGCGAGACTCCGTC
GTATTTATTCCACAAGCATCTTA
TTCTTCTAGATTTCCTACTA
TCCACCCATTTCAGCCTTTC
ATACAGGTAGGTGAGGGCAA
CATTGTGGTGGAGGTCGGAG
ATGTTTTGTTCATGGGTCTTT
TAGATGTTACCATTTCAC
CCTCTTTATCCCACTTTTCAG
ACAACTAAAGGACTTAAAGG
TAACCTGTGAATGAGAATAC

CATTCTCTGTATCTTTTGGGGG
TTGTAAACACCACAAGCAGG
GGACAAATGCCACTGCAAC
CTTACCATGAATGGAGCTTG
TATGGCCCAGCAATGTGTAT
GGCTGCATTCTGAAAGGTTA
CTTTTTAGTGCTTGAGACTGTCTCC
TTTTTTCTGTTCCCCTCCG
TTGACAGGGACCCACG
CAGTAAGGATCACCAAGACAAGG
TATGTACTGGATGAAGCAGGACA
GTTTCCACACCGAAGCC
ACGCAGCACACAACATCAT
TCCTTTTTCCCTTGTTGCC
TCAGAGTTGGGTGAGCGA
AGCCCAGAAATAAACCCTC
GAGAAATGTCTTTGTTGAGG
CTATTGCCCTGTGTTTTGCC
TAGCAGCCAGACACAGGAGC
AAGCTTACATTCTGGGTGAC
CAACCCCATCAGTCTCTCTAAT
CATTTGTTAAAAGTACAACC
CTAAAACATTTAACTTTCATT
TTCTGATGCTCTTCTGGAGT
TTCCCCCATCCCATCTGAG
AAGAAAAAGGGAAGGGGCAGT
GATTAGATCTTGGATCAG
CATTTTACGAATATAAGCATCC
GACAAGAAAAGAACAAATGG
TGACAGTTTTGAGAGAATCC

120
65-75
138
225
128
260-272
110
178
144-154
106
175
209
155-167
162
140
114
101
105
90
117-139
204
91
101
136
122
98
162
138
145
169

ni
in
ni
ni
in
ni
ni
ni
in
ni
ni
ni
in
ni
in
in
ni
ni
ni
in
ni
x
ni
ni
ni
ni
ni
ni
ni
ni

1

1

ni: noninformative; in: informative.

candidate regions of deletion at 8p.
In this study, LOH at 8p was detected in 56% of informative cases of HCC. However, no allelic loss was found

in corresponding hepatocytes including 18 lesions of morphogenetic non-tumor tissues and 14 lesions of cirrhotic
liver tissues at any markers, the latter usually considered a
www.wjgnet.com
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Table 2 LOH status for the 8p23.2, 8p23.1, and 8p22 in hepatocellular carcinoma
Case Age Sex St/Mt Grading Etiology

D8S D8S 8p23.2 D8S D8S D8S D8S D8S D8S D8S 8p23.1 D8S D8S D8S D8S 8p22 D8S D8S D8S 8p21 8p23.2264 262
1742 277 1819 503 1130 552 1109
254 261 258 298
1752 1734 1445
21

12
11

60
64

M
M

Mt
St

MD
MD

ni
ni

ni
ni

ni
ni

ni
○

ni
○

ni
ni

ni
○

○
○

ni
ni

ni
○

○
○

○
○

○
ni

●
●

○
ni

●
●

○
○

○
○

○
○

○
○

●
●

1
2
27
26

42
59
69
58

M
M
M
M

St
St
Mt
St

PD
MD
PD
MD

ni
○
ni
○

ni
○
ni
ni

ni
○
ni
○

ni
ni
○
○

○
ni
○
○

○
ni
ni
○

ni
○
ni
●

○
○
ni
○

ni
ni
ni
ni

●
●
●
○

●
●
●
●

●
●
○
○

○
○
○
○

ni
ni
○
ni

ni
○
ni
○

●
●
○
○

○
ni
○
○

○
○
○
ni

○
○
○
○

○
○
○
○

●
●
●
●

15
29
6
20

31
73
72
65

F
M
M
M

Mt
St
St
St

MD
WD
MD
WD

ni
ni
ni
ni

ni
ni
ni
○

ni
ni
ni
○

ni
ni
ni
●

ni
ni
ni
●

ni
ni
○
●

●
ni
ni
●

ni
●
●
●

ni
ni
ni
●

ni
○
ni
●

●
●
●
●

ni
●
○
●

ni
ni
ni
●

●
●
●
●

ni
●
○
ni

●
●
●
●

○
○
○
●

ni
○
○
○

○
○
○
○

○
○
○
●

●
●
●
●

8
7

74
59

M
M

Mt
Mt

MD
WD

ni
○

○
○

○
○

●
○

●
●

ni
●

ni
ni

●
●

ni
ni

○
ni

●
●

●
○

ni
ni

ni
ni

●
○

●
○

●
○

ni
●

ni
●

●
●

●
●

19

50

M

Mt

MD

○

●

●

●

○

ni

●

●

●

○

●

ni

ni

●

○

●

●

●

○

●

●

28
5
10

58
51
71

M
M
F

Mt
Mt
Mt

MD
MD
MD

ni
ni
ni

○
ni
ni

○
ni
ni

ni
ni
○

○
ni
○

ni
○
○

○
ni
●

●
●
ni

●
ni
ni

○
ni
ni

●
●
●

●
●
●

ni
ni
○

ni
ni
●

ni
ni
ni

●
●
●

ni
ni
○

○
○
○

○
○
○

○
○
○

●
●
●

4

57

M

Mt

MD

○

○

○

ni

●

○

○

○

○

○

●

○

ni

○

○

○

○

○

○

○

●

13
18

74
51

M
M

Mt
St

MD
WD

ni
ni

ni
ni

ni
ni

○
ni

ni
ni

ni
○

ni
ni

●
ni

ni
○

ni
ni

●
○

ni
●

ni
○

ni
ni

ni
ni

ni
●

○
○

ni
○

○
○

○
○

●
●

16

54

M

Mt

MD

ni

ni

ni

○

ni

ni

○

○

ni

ni

○

●

ni

○

ni

●

○

ni

○

○

●

25

71

M

St

MD

ni

○

○

○

ni

ni

ni

○

ni

ni

○

ni

ni

ni

ni

ni

○

ni

○

○

○

30
9
3
32

56
57
51
54

M
M
M
F

St
St
St
St

MD
WD
MD
MD

ni
ni
ni
○

○
ni
ni
ni

○
ni
ni
○

○
○
○
○

○
ni
○
○

ni
ni
○
ni

○
ni
ni
○

ni
○
○
○

ni
ni
ni
○

○
ni
○
○

○
○
○
○

ni
○
○
○

ni
ni
ni
○

ni
ni
○
○

○
ni
ni
ni

○
ni
○
○

ni
○
ni
○

ni
○
○
○

○
○
○
○

○
○
○
○

○
○
○
○

21

67

M

St

WD

ni

ni

ni

ni

○

ni

ni

ni

ni

ni

○

ni

ni

○

○

○

ni

ni

○

○

○

33

76

F

St

WD

○

○

○

○

ni

ni

ni

○

ni

○

○

○

ni

ni

○

○

○

○

○

○

○

23
22
31

71
65
65

M
M
F

Mt
Mt
Mt

MD
MD
MD

ni
ni
ni

ni
ni
ni

ni
ni
ni

ni
ni
○

ni
ni
ni

ni
○
○

ni
ni
ni

○
ni
○

ni
ni
○

ni
ni
○

○
○
○

ni
○
ni

ni
ni
ni

○
ni
ni

ni
○
ni

○
○
ni

ni
○
ni

○
○
○

○
○
○

○
○
○

○
○
○

17

37

F

Mt

MD

ni

ni

ni

ni

ni

ni

ni

ni

ni

ni

ni

ni

○

ni

ni

○

ni

ni

○

○

○

24

60

M

Mt

MD

ni

○

○

ni

○

ni

ni

ni

ni

○

○

○

ni

○

ni

○

○

○

○

○

○

1
31
3%

4
20
32
32
13%d 63%e

Alcoholic
CH(C)+,
LC
CH(B)+
CH(-)
CH(C)+
CH(C)+,
LC
CH(C)+
CH(C)+
CH(C)+
Alcoholic,
LC
CH(-)
CH(B)+,
(C)+
CH(B)+,
LC
CH(B)+
CH(B)+
CH(C)+,
LC
CH(C)+,
LC
CH(-)
CH(B)+,
LC
Alcoholic,
LC
CH(B)+,
(C)+
CH(C)+
CH(C)+
CH(B)+
CH(B)+,
LC
CH(C)+,
LC
CH(C)+,
LC
CH(-)
CH(C)+
CH(C)+,
LC
CH(B)+,
LC
CH(-),
LC

LOH ●
Informative (32/33)
LOH/Informative (58/264 = 22%)

0
1
1
8
13 16
0% 8% 6%a

3
4
2
5
9
3
4
16
10
1
8
2 15
3
2
17
16 12
12 23
7
17
31
23 10 16 13 32 23
23
18% 25% 17% 42% 39% 43% 24% 52%b 43% 10% 50% 15% 47%c 13% 9%

A total of 32 informative liver cancer cases were analyzed for LOH at the sixteen microsatellite markers. The number of informative cases and frequency of LOH
was shown at the bottom. St: solitary tumor; Mt: multiple tumor; WD: well differetiation; MD: moderately differretiation; PD: poorly differentiation; CH: chronic
hepatitis; LC: liver cirrhosis. ● LOH; ○ retention of heterozygosity; ni: noninformative. Significant different from the average, 52% vs 22%, bP = 0.0008; 47% vs
22%, cP = 0.004; 63% vs 22%, eP = 0.007; No statistically significant different from the average, 6% vs 22%, aP = 0.207; 13% vs 22%, dP = 0.257.

premalignant liver lesion. Our result suggests that allelic
loss at 8p is an important event in the initiation or promotion of HCC.
Furthermore, among the informative regions 8p23.2,
8p23.1, 8p22, and 8p21, allelic loss was significantly more
frequent at 8p23.1 and 8p22 than at 8p23.2 and 8p21 on
both sides of the loci. Several minimal regions adjacent
to frequently deleted markers were also identified, such as
www.wjgnet.com

D8S277, D8S503, D8S1130, and D8S552 at 8p23.1, and
D8S254 and D8S258 at 8p22. On the basis of the minimal regions of overlapping deletions at 8p, we identified two sites, 8p23.1 and 8p22, possibly containing TSGs
involved in human liver carcinogenesis. That is to say, the
commonly deleted regions were restricted to 8p23.1-22
suggesting that the key genes exist in two distinct regions
that might be closely related to the carcinogenesis of
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Table 3 Distribution of LOH frequency at 8p in hepatocellular carcinoma cases by clinicopathological variables
Clinicopathological D8S D8S 8p23.2
Variables
264 262
Tumor size (mm)
> 50
0/4 0/4 0/5
(0%)
< 50
0/3 1/7 1/8
(13%)
Tumor number
St
0/2 0/3 0/5
(0%)
Mt
0/5 1/10 1/10
(10%)
Growth Pattern
Eg
0/8 1/13 1/15
(7%)
Ig
0/1 0/1 0/1
(0%)
Formation of capsule
Fc0/6 1/8 1/10
(10%)
Fc+
0/2 0/6 0/6
(0%)
Infiltration to capsule
Fc-Inf0/6 1/8 1/10
(10%)
Fc-Inf+
0/1 0/3 0/3
(0%)
Septal formation
Sf0/0 0/3 0/3
(0%)
Sf+
0/6 1/9 1/10
(10%)
Grading
WD
0/3 0/3 0/4
(0%)
MD
1/7 0/9 1/13
(8%)
PD
0/0 0/1 0/1
(0%)
pT
pT1
0/1 0/2 0/2
(0%)
pT2
1/7 0/7 1/10
(10%)
pT3
0/2 0/2 0/3
(0%)
pT4
0/0 0/0 0/0
(0%)
pN
pN1/8 0/10 1/12
(8%)
pNx
0/0 0/3 0/3
(0%)
pM
pM1/6 0/11 1/13
(8%)
pMx
0/0 0/0 0/0
(0%)
Vascular infiltration
V0/7 1/10 1/13
(8%)
V+
1/7 0/2 1/9
(11%)
Bile duct infiltration
B0/10 1/13 1/17
(6%)
B+
0/1 0/1 0/2
(0%)
Liver cirrhosis
LC0/2 0/6 0/6
(0%)

D8S D8S D8S D8S D8S D8S D8S 8p23.1 D8S D8S D8S D8S 8p22 D8S D8S D8S 8p21 8p23.21742 277 1819 503 1130 552 1109
254 261 258 298
1752 1734 1445
21
0/6

1/5 0/6

2/4 4/12 0/1 3/8

3/11 3/11 2/6

3/7 5/11 3/6 1/9

1/9

1/8 1/5

2/6 3/12 1/3 3/10

2/7

3/8 1/6

3/6 6/11 2/4 1/7

3/16 4/13 2/11 4/11 9/22 3/7 3/15
0/1

0/3 0/2

1/1 0/1

0/0 1/2

2/3

1/4 1/4

2/3 4/7

3/4 2/5

1/14 3/12 1/8

3/9 5/17 0/3 2/12

1/5

1/7 0/7

3/5 3/8

1/8

1/3 0/2

1/4 3/10 0/0 1/5

1/7

2/6 1/7

3/5 3/8

2/8

1/5 0/3

1/4 3/10 1/1 2/7

1/4

2/4 2/4

1/2 4/6

0/4 2/8

1/4 2/5

1/4 1/2

2/13 2/12 1/9

4/12 5/17 1/12 3/6

0/1

0/3 0/1

0/1 1/3

2/3 0/1

0/2

0/1 0/1

0/1 1/2

0/3 0/2

2/6

1/7 1/3

4/6 4/5

2/5 3/3

1/4

2/2 1/3

0/2 3/8

1/5 0/1

0/0

0/1 0/1

0/0 0/1

1/1 0/0

3/7

3/7 2/4

3/5 6/9

1/8 0/1

0/6

1/5 0/4

1/4 2/9

2/6 1/5

2/7

1/5 1/2

3/5 3/10 3/8 2/4

0/0

2/3 0/2

0/1 2/2

0/2 1/1

2/10 3/10 1/8

4/9 6/13 2/6 2/9

1/7

1/3 3/10 1/1 2/8

1/6 1/4

3/18 4/15 2/11 4/13 10/24 3/9 3/17
0/3

0/3 1/4

1/3 0/4

1/3 1/4

1/8

2/7 1/6

1/4 7/14 1/1 3/8

10/14 4/10 0/5 3/7 1/6
(71%)
6/17 6/13 1/7 5/9 1/7
(35%)

6/13 0/10 0/10 0/15
(46%)
9/16 3/11 2/14 1/15
(56%)

0/15
(0%)
4/15
(27%)

10/15
(67%)
10/17
(59%)

6/15 9/18 1/6 4/7 1/7
(41%)
10/16 1/4 0/4 4/9 1/6
(63%)

4/13 3/20 2/18 1/24
(31%)
5/13 0/2 0/5 0/7
(38%)

4/24
(17%)
0/7
(0%)

17/24
(71%)
2/7
(29%)

14/28 8/20 1/8 7/14 2/13
(50%)
2/5
2/2 0/2 1/2 0/0
(40%)

13/26 3/20 2/21 1/29
(50%)
2/2
0/2 0/2 0/2
(100%)

4/29
(14%)
0/2
(0%)

18/29
(62%)
2/2
(100%)

5/6
3/4 1/3 3/3 0/3
(83%)
11/25 7/18 0/7 5/13 2/10
(44%)

5/5
2/5 1/5 0/5
(100%)
10/23 1/18 1/18 1/26
(43%)

2/5
(40%)
2/26
(8%)

5/5
(100%)
15/26
(58%)

7/11 3/10 0/5 4/9 0/3
(64%)
5/13 5/9 0/3 3/5 2/7
(38%)

7/15 1/10 1/12 0/15
(47%)
6/11 1/10 0/8 0/13
(55%)

1/15
(7%)
1/13
(8%)

10/15
(67%)
7/13
(54%)

7/13 5/9 0/5 5/9 1/4
(54%)
5/12 4/10 0/3 3/6 1/6
(42%)

7/15 1/12 0/12 0/16
(47%)
7/11 2/9 1/9 0/12
(64%)

1/16
(6%)
2/12
(17%)

9/16
(56%)
8/12
(67%)

4/8
3/6 1/2 3/5 1/5
(50%)
11/21 6/13 1/8 5/11 1/13
(52%)
2/3
1/2 1/3 0/1 0/0
(67%)

3/7
1/7 1/7 1/7
(43%)
10/18 2/12 1/13 0/21
(56%)
1/2
0/2 0/2 0/2
(50%)

2/7
(29%)
2/21
(10%)
0/2
(0%)

4/7
(57%)
13/21
(62%)
2/2
(100%)

0/5
(0%)
7/11
(64%)
5/8
(63%)
1/1
(100%)

3/6
(50%)
7/11
(64%)
2/5
(40%)
1/2
(50%)

0/6
(0%)
2/11
(18%)
2/8
(25%)
0/2
(0%)

3/6
(50%)
8/11
(73%)
5/8
(63%)
1/2
(50%)

8/13 3/11 2/10 1/13
(62%)
2/4
0/5 0/5 0/7
(50%)

4/13
(31%)
0/7
(0%)

9/13
(69%)
4/7
(57%)

6/11 2/10 1/11 0/13
(55%)
5/7
1/5 0/5 0/8
(71%)

2/13
(15%)
1/8
(13%)

7/13
(54%)
7/8
(88%)

9/20 6/15 0/5 7/13 0/7
(45%)
7/11 4/6 1/5 1/3 2/6
(64%)

11/20 2/16 2/18 1/21
(55%)
4/7
1/6 0/5 0/9
(57%)

3/21
(14%)
1/9
(11%)

14/21
(67%)
5/9
(56%)

15/28 7/18 2/9 8/15 2/12
(54%)
3/4
3/5 1/5 0/1 0/4
(75%)

11/24 2/19 2/20 1/27
(46%)
4/5
1/4 0/4 0/5
(80%)

3/27
(11%)
1/5
(20%)

16/27
(59%)
4/5
(80%)

11/18 6/11 0/4 4/7 2/8
(61%)

9/16 1/10 1/13 1/18
(56%)

2/18 12/18
(11%) (67%)

2/6

0/1 2/3 1/2

5/8

1/4 5/7 0/4

2/4

0/1 0/2 1/4

1/1

0/2 0/0 0/0

5/12 4/9
(42%)
6/12 2/4
(50%)

0/0 6/7 2/7

6/14 3/7
(43%)
3/4
5/6
(75%)

1/5 5/9 1/6

0/6 1/5 0/1

0/1 0/1 0/0

0/6

0/6

0/6

2/8

1/9

0/11

1/5

1/5

1/8

0/1

0/1

0/2
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2/9
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5/13 4/10 1/6 4/9 0/5
(38%)

6/13 2/11 1/11 0/14
(46%)

2/14 8/14
(14%) (57%)

0/4
(0%)
1/9
(11%)

2/3

2/3 1/1

1/2 3/7

1/1 2/4

4/8
4/6 1/3 2/5 1/3
(50%)
12/23 6/17 0/7 6/11 1/10
(52%)

5/7
2/6 0/5 0/8
(71%)
10/22 1/17 2/19 1/24
(45%)

2/8
(25%)
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1/13 2/13 1/11 4/9 6/16

2/6 2/13

6/8
(75%)
14/24
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Eg: expansive growth; Ig: infiltrative growth; St: solitary tumor; Mt: multiple tumor; LC: liver cirrhosis; CH: chronic hepatitis.

HCC. Our results are consistent with previously reported
patterns of molecular change in HCC and other epithelial
tumors. No statistically significant differences were detected in the candidate regions 8p23.1 and 8p22 between the
frequency of LOH and any clinicopathologic characteristics, including etiological factors considered to contribute
to tumorigenesis, and malignant factors usually important
to the subsequent progression of tumors. These results led
us to the hypothesis that loss of 8p is not essential for the
subsequent development or progression of HCC.
Moreover, with respect to the results of allelotyping,
several genes, such as angiopintin 2 (ANGPT2), AGPAT5,
LOC648814, DEFB 137 and DEFB 136, LONRF1, and
FLJ36980, which were adjacent to the candidate markers
D8S277, D8S503, D8S1130, D8S552, and D8S1109 at
8p23.1, respectively, were analyzed for somatic mutations
or expression by single nucleotide polymorphisms (SSCPs)
and the reverse transcription polymerase chain reaction
(RT-PCR) methods. However, no significant mutation or
absence of expression of these adjacent genes was found
(data not shown), indicating that alterations of those genes
may not be closely related to the carcinogenesis[16-19,26].
Several new candidate cancer-susceptibility genes at 8p22,
such as deleted in breast cancer 2 (DBC2), leucine zipper
tumor suppressor 1 (LZTS1), and deleted in liver cancer 1
(DLC1), and mitochondrial tumor suppressor 1 (MTUS1)
have been cloned[27-30]. We have analyzed these genes in the
same HCC samples, but a somatic mutation or absence
of expression of these candidate genes is rare in Japanese
patients (data not shown), indicating that these well-known
candidate genes are not the main targets of the observed
LOH at 8p22. Although no significant genetic alterations
were detected in HCC in the present study, it could not be
denied that they had already had some epigenetic change
during the pre-cancer stage or earlier in the carcinogenesis.
Although detailed data have not been published, the
present results strongly suggest that other unknown genes
in the region 8p22-23.1 play an important role in HCC.
Further studies are needed to identify critical oncogenes or
TSGs, including those in 8p22-23.1. Our results should be
useful for identifying the targets of deletion at 8p.
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Abstract
AIM: To investigate the incidence of KIT immunohostochemical staining in (GI) stromal tumors (GISTs), and
to analyze the clinical manifestations of the tumors and
prognostic indicators.
METHODS: We retrospectively analyzed 50 cases
o f p r e v i o u s l y d i a g n o s e d G I S Ts . T i s s u e s a m p l e s
were assessed with KIT (CD117 antigen), CD34,
SMA, desmin, S-100, NSE, PCNA, Ki-67, and BCL-2
for immunohistochemical study and pathological
characteristics were analyzed for prognostic factors.
RESULTS: Fifteen tumors (30%) were negative in KIT
staining. A significant association was observed between
gender (male patients: 14/15) and KIT-negative staining
(P = 0.003).The patients's mean age was 56.6 years.
Tumors developed in stomach (n = 8), small intestine
(n = 5), large intestine (n = 1) and oesophagus (n
= 1). The mean tumor size was 5.72 cm. The mitotic
count ranged from 0-29/50 HPF (mean: 3.4) and 73%
of tumors showed no necrosis. The majority of the
tumors (67%) had dual or epithelioid differentiation.
Tumors were classified as very low or low risk (n = 7),
intermediate risk (n = 5), and high risk (n = 3) groups.
Twelve (80%) patients were alive without evidence of
residual tumor for an average period of 40.25 mo (12-82
mo); three patients developed metastatic disease to
the liver and eventually died within 2-12 mo (median
survival: 8.6 mo).
www.wjgnet.com

CONCLUSION: A small subgroup of GISTs fulfils the
clinical and morphological criteria of these tumors, and
lacks KIT expression. These tumors predominantly
developed in the stomach, being dual or epithelioid in
morphology, which are classified as low risk tumors
and presented a better survival status than KIT-positive
tumors. The ability to diagnose GISTs still depends on
immunohistochemical staining but the research should
extend in gene mutations.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Most gastrointestinal mesenchymal neoplasms are
gastrointestinal stromal tumors (GISTs). Their definitions
follow the WHO histological classification where the
term GIST is now used for a specific group of tumors
comprising the majority of all gastrointestinal stromal
tumors [1]. Typically, GISTs are immunohistochemically
positive for KIT tyrosine kinase receptor which is perhaps
their single best defining feature[2]. Most GISTs are positive
for KIT (CD117 antigen), which may show membrane,
diffuse cytoplasmic or a perinuclear accentuation pattern.
Histological assessment of malignancy is essentially
based on mitotic counts, the size of the lesion and
presence or absence of metastasis[3-5]. A proportion of
GISTs, especially the malignant tissues show mutations
in the regulatory juxtamembrane domain (exon 11) of
the KIT gene[6]. Until now, the treatment with selective
tyrosine kinase inhibitors, such as imatinib mesylate,
for patients with GISTs has hinged on the KIT positive
immunostaining tumors. Although the KIT positivity by
immunohistochemistry becomes invaluable in the diagnosis
of GISTs, some authors believe that a small subgroup of
these tumors fulfils the clinical and morphological criteria
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Figure 1 Histological
section of GIST
showing positive
immunostaining for
KIT (CD117 antigen)
× 400.

of GISTs, and lacks KIT expression. The biological
features of these tumors have rarely been addressed.
O u r a i m wa s t o i nve s t i g a t e t h e i n c i d e n c e o f
KIT immunohostochemical staining in 50 cases of
previously diagnosed GI stromal tumors, to carried
out a comprehensive examination of GISTs that are
negative in CD117 expression, and to analyze the clinical
manifestations and prognostic indicators of the tumors.

MATERIALS AND METHODS
Using the database of Surgery and Pathology Departments
of “Evag gelismos” General Hospital and Areteion
University Hospital, we collected records with a pathologic
diagnosis of stromal tumor of GI tract. Fifty patients
with the diagnosis of GIST between 1994-2004 were
retrieved from the archives. Patient age, gender, clinical
manifestations, tumor size, pathological characteristics,
the presence of distant metastasis and the outcome were
recorded.
Tumor specimens were fixed in 10% buffered formalin
after gross examination and embedded in paraffin.
Histologic sections stained with hematoxylin and eosin
were evaluated for all cases. Tumors were classified as very
low risk, low risk, intermediate or high risk groups based
on histological parameters according to NIH Consencus
Guidelines for Grading[4].
Immunohistochemistry
The tumor samples from all 50 cases were examined
for various markers using commercially available
immunohistochemical antibodies against KIT (CD117
antigen), (A4502, polyclonal, Dako, USA; 1:50 dilution),
CD34 (clone QBEnd/10) (Novocastra Labs; 1:50), S-100
(clone S1/61/69) (Novocastra Labs; 1:40), smooth-muscle
actin (SMA) (clone asm-1) (Dako; 1:200), desmin (clone
DE-R-11) (Novocastra Labs; 1:100), neuron-specific
enolase (NSE) (clone 5E2) (Novocastra Labs; 1:100),
neurofilament protein (NFL) (clone NR4) (Novocastra
Labs; 1:50), bcl-2 (clone 124) (Dako; 1:40), proliferating
cell nuclear antigen (PNA) (clone PC10) (Novocastra
Labs; 1:200), Ki-67 (clone MM1) (Novocastra Labs; 1:200)
by a standard three-step immunoperoxidase procedure
(APAAP, DAKO, Glostroup, Danmark). Appropriate
positive controls were run concurrently for all antibodies
tested. According to the percentage of tumor cells
showing an immunopositive reaction among the total
tumor cells, tumors were reported as negative (≤ 10%) or
positive (> 10%).
Statistical methods
Data was analyzed using statistical software SPSS version
12.0. Chi-square test or Fisher’s exact test was done for
categorical variables to assess differences among baseline
patient features. Overall survival was computed by the
Kaplan-Meier method. Comparison of survival between
subgroups was performed by the log-rank test. The relative
importance of prognostic factors for the survival was
analyzed with Cox’s proportional hazard model. Statistical
significance would be inferred at a two-tailed P value < 0.05.

RESULTS
Clinical and pathological data of patients with GISTs
Thirty-one (62%) patients were male and 19 (38%) female.
Their age at diagnosis ranged from 26 to 89 years (mean:
62 ± 14.5). The most common symptoms were abdominal
pain (72%). The most common anatomic sites of tumor
origin were the small intestine (n = 23) and the stomach
(n = 19). Three tumors were located in oesophagus and 5
tumors in large intestine.
The size of the tumor ranged from 0.2 cm to 30 cm
(mean: 4.58 ± 5.2). The mitotic count was 0-29 per 50
HPF (× 400) (mean: 4.25 ± 2). Necrosis was present in 13
(26%) tumors. Twenty-four (48%) tumors showed evidence
of dual differentiation toward smooth muscle and neural
elements. Reactivity for either SMA or desmin (epithelioid
features) was observed in 8 (16%) cases. There was neural
differentiation (spindled features) in 7 (14%) cases. No
evidence of differentiation toward either cell type, was
formed even after exhaustive immunohistochemistry in
11 (22%) cases. Of the 50 tissues tested, 35 (70%) were
positive for KIT staining (Figure 1), while 15 (30%)
tumors lacked KIT expression. The high incidence of
KIT-positive staining (57%) was in tissues diagnosed as
“high risk” tumors. Twenty-four (48%) tumors were CD34
positive. The proliferative activity (PCNA labeling index)
was high (> 10% labeled nuclei) in 62% of our specimens.
Only 6 (12%) cases were characterized by high (> 20%
labeled nyclei) Ki-67 immunoreactivity percentages. Bcl-2
protein was positively expressed in the cytoplasm of tumor
cells in 26 (52%) specimens.
Complete information on patients’ clinical course
could be obtained in 50 (100%) cases. According to the
available follow-up, patients with KIT-positive staining
tumors were alive without evidence of residual tumor for
an average period of 32.3 mo (12-82 mo). Tumor location,
mitotic counts, risk group and metastasis seem to be
related to survival, since partial likelihood ratio test of Cox
regression for each of these patient’s feature was less than
0.05 (Figure 2, Figure 3, Figure 4). There was an indication
of association between tumor size and mitoses (P = 0.055,
Fisher’s Exact test).
Clinicopathological features of KIT (CD117) negative GISTs
Of the 50 tissues tested, a small subgroup of tumors
(n = 15) fulfiled the clinical and morphological criteria
of GISTs and lacked KIT antigen immunoexpression.
The clinicopathological features of KIT-negative cases
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three patients developed metastatic disease to the liver and
eventually died within 2-12 mo (median survival: 8.6 mo).
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Figure 4 Cumulative survival for patients with GISTs based on metastasis status.

are shown in Table 1. A highly significant association was
observed between gender and CD117 staining (P = 0.003).
All, except one, KIT-negative tumors were observed in
male patients, while the majority of female patients (18/19)
expressed CD117 immunostaining (Table 2).
Patients' age at diagnosis ranged from 26 to 82 years
(mean: 56.6). The majority of them (11/15) presented at the
hospital with symptoms, as abdominal pain. KIT-negative
GISTs developed in stomach (n = 8), small intestine (n = 5),
large intestine (n = 1) and oesophagus (n = 1) (Table 3).
Tumors size ranged from 0.5 cm to 30 cm (mean: 5.72).
The majority of tumors were smaller than 5 cm (9/15),
and only one was > 10 cm. The mitotic count ranged
from 0-29 per 50 HPF (× 400) (mean: 3.4). Twelve (80%)
tumors contained less than 5/50 HPF mitoses, 2 (13%)
tumors contained mitoses between 5 and 10/50 HPF and
1 (7%) tumor contained mitoses > 10/50 HPF. Absence
of necrosis was present in 73% (11/15) of tumors.
Of the 15 KIT-negative samples, 6 (40%) cases had
dual differentiation showing histologically mixed spindled
and epithelioid type features, four (27%) cases showed
histologically predominantly epithelioid type features, two
(13%) cases spindled type features, and 3(20%) cases were
classified as anaplastic (Table 4).
KIT-negative tumors were diagnosed as “very low” and
“low risk” (benign) (n = 7), “intermediate risk” (uncertain
malignant potential) (n = 5), and “high risk” tumors
(malignant potential) (n = 3).
The clinical status was primary presentation in 12
patients. According to the available follow-up, twelve
patients (80%) were alive without evidence of residual
tumor for an average period of 40.25 mo (12-82 mo);
www.wjgnet.com

DISCUSSION
The classification of GISTs has been a continually
evolving process reflecting our increasing understanding
of the biological nature of these tumors. One of the most
important concepts of the recent years is that GISTs show
the differentiation of the interstitial cells of Cajal (ICC)[2].
Mesenchymal tumors of GI can be identified based on the
features of ICCs and can therefore designated as GISTs[4].
Histological and immunohistochemical advances,
and molecular genetics provide a new era for GISTs.
KIT, a type Ⅲ tyrosine kinase growth factor receptor,
is the common denominator in most GISTs[7-9]. CD117,
the epitope for KIT, is introduced as a new phenotypic
marker for distinguishing between GISTs and nonGIST spindle cell tumors of the GI. A small subgroup
of GISTs that fulfill the clinical and morphological
criteria of these tumors is essentially KIT-negative by
immunohistohemistry. The biological features of these
tumors have rarely been addressed. In the absence of
CD117 immunopositivity, the diagnosis of GISTs is
challenging.
Based on this and using the latest clinical and histological
criteria, we screened 50 cases of gastrointestinal stromal
tumors with a long term follow-up. Generally, as it was
expected, tumor location, mitotic counts, risk group and
metastasis were significantly associated with survival.
Of the 50 tissues tested, 35 (70%) were positive for
CD117 staining and 15 (30%) were negative. A significant
association was obser ved between gender and KIT
(CD117) immunostaining. KIT-negative tumors were
observed in male patients, while the majority of female
patients expressed CD117 immunostaining.
The majority of KIT-negative tumors developed
in stomach while KIT-positive tumors developed in
small intestine. This finding is in accordance with recent
studies [10]. The majority of KIT-negative tumors were
smaller than 5 cm (9/15), and 80% contained mitoses less
than 5/50 HPF.
Of the 15 CD117-negative samples, 6 cases had
evidence of dual differentiation, 4 cases showed
histologically epithelioid type features, two had spindle
type features, and 3 cases were negative for all markers,
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Table 1 Clinicopathological features of KIT-negative cases
Case
No.

Sex

Age (yr)

Symptoms Site

Size
(cm)

Mitoses
Presence
(/50 HPF) of necrosis

Morphology

Risk category

Clinical
status

Survival
data/mo

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

M
M
M
M
M
F
M
M
M
M
M
M
M
M
M

60
46
50
64
78
53
43
51
69
54
70
42
26
82
61

Yes
No
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes

4.30
0.50
0.50
4.50
7.00
5.00
7.00
6.00
2.00
3.50
6.00
6.00
0.50
30.00
3.00

1
0
0
10
1
0
0
2
0
0
0
2
0
6
29

Epithelioid
Mixed
Anaplastic
Epithelioid
Mixed
Spindled
Mixed
Epithelioid
Mixed
Spindled
Anaplastic
Anaplastic
Epithelioid
Mixed
Mixed

Low risk
Very low risk
Very low risk
High risk
Intermediate risk
Low risk
Intermediate risk
Intermediate risk
Very low risk
Low risk
Intermediate risk
Intermediate risk
Very low risk
High risk
High risk

Primary
Primary
Primary
Liver metastasis
Liver metastasis
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Primary
Liver metastasis

Alive/12
Alive/24
Alive/24
Dead/12
Dead/12
Alive/47
Alive/25
Alive/12
Alive/37
Alive/62
Alive/82
Alive/56
Alive/78
Alive/82
Dead/2

Small Intestine
Stomach
Small Intestine
Large Intestine
Small Intestine
Stomach
Esophagus
Small Intestine
Stomach
Stomach
Stomach
Stomach
Stomach
Stomach
Small Intestine

No
No
No
Yes
Yes
No
No
Yes
No
No
No
No
No
Yes
No

M = male; F = female.

Table 2 Correlation between gender and CD117 expression in
patients with GISTs

Negative
Gender

Male
Female

Total

Immunohistochemistry

CD117 expression
Positive

Total

17
54.80%
18
94.70%
35

31
100%
19
100%
50

14
45.20%
1
5.30%
15

Table 3 Correlation between tumor location and CD117
expression in patients with GISTs
Tumor location

CD117 expression
Negative

Esophagus

1
33.30%

Stomach

8
42.10%

Small intestine

5
21.70%

Large intestine
Total

Positive
2

Table 4 Immunohistohemical findings of patients with
KIT-negative GISTs

Total
3

66.70%

100%

11

19

57.90%

100%

18

23

78.30%

100%

1

4

20%

80%

100%

5

15

35

50

30%

70%

100%

but positive for CD34 staining. Our findings support
previously published data[10,11], suggesting that there is a
subgroup of KIT–negative GISTs that exhibit the same
clinical and morphological features as the KIT-positive
tumors.
The majority of KIT-negative tumors were diagnosed
as “very low” or “low risk” tumors, while the highest
incidence of KIT-positive staining was found in “high
risk” tumors. The majority of patients with KIT-negative
tumors (80%) were alive without evidence of residual
tumor for an average period of 40.25 mo and presented a
better survival status than the patients with KIT-positive

Case
No.

CD117

α-SMA

Desmin

S-100

NSE

CD34

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive

Positive
Positive
Positive
Positive
Positive
-

Positive
Positive
Positive
Positive
Positive

Positive
Positive
Positive
Positive
Positive
-

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
-

tumors.
Benign and malignant GISTs carry mutations in KIT
gene. It is still not clear whether mutations are independent
prognostic factors[12,13]. We believe that a search for gene
mutation, as the c-kit gene, in KIT-negative staining
tumors might clarify the diagnosis status (unpublished
obser vations), as other authors believe that KIT
mutations[11] or intragenic platelet-derived growth factoralpha (PDGFR-a) activating mutations are present in some
of these tumors [10]. The pharmaceutical development
and therapeutic implications of protein tyrosine kinase
inhibitors has refocused the attention on GIST. Until
recently, no patient with complete response to therapy
was reported [14]. Is there any value in separating these
tumors with epithelioid or dual differentiation because
they are often KIT-antigen negative[15]? Is this going to be
the result of a better differentiation status, detection of
certain molecular alterations or it may be related to more
traditional criteria as size and mitosis rate? There is still
challenge to identify those patients who would benefit
www.wjgnet.com
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from receiving the new therapy.
In conclusion, our study confirms that traditional
histologic criteria alone are not enough to confir m
GISTs diagnosis, but are still the only criteria to estimate
biological behavior in these tumors. A small subgroup of
GISTs fulfils the clinical and morphological criteria of
these tumors, and lacks KIT expression. These tumors
predominantly develop in stomach, showing dual or
epithelioid morphology; they are classified as “low risk”
tumors, and present with a better survival status than KITpositive staining tumors. The ability to diagnose GISTs
still depends on the immunohistochemical staining but the
research should expand in gene mutations.
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at a dose of 100 mg/kg b.wt. inhibited the DNCB-induced
overexpression of NFκ-B and iNOS in the colon.
CONCLUSION: Curcumin treatment ameliorates
colonic damage in DNCB‑induced colitic rats, an effect
associated with an improvement in intestinal oxidative
stress and downregulation of colonic NFκ-B and iNOS
expression.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To evaluate the efficacy and mechanism of action
of NCB‑02, a standardized Curcumin preparation, against
2, 4‑dinitrochlorobenzene (DNCB)‑induced ulcerative
colitis in rats.
METHODS: Ulcerative colitis was induced in male rats
by sensitizing with topical application of DNCB in acetone
for 14 d and intra-colonol challenge with DNCB on day
15. A separate group of animals with vehicle treatment
in similar fashion served as control group. Colitis rats
were divided into different groups and treated with
NCB-02 at doses of 25, 50 and 100 mg/kg b.wt p.o.
for 10 d. Sulfasalazine at a dose of 100 mg/kg b.wt
for 10 d served as a reference group. On day 10 after
respective assigned treatment, all the animals were
euthanized and the length of the colon, weight of entire
colon and distal 8 cm of the colon were recorded. The
distal part of the colon was immediately observed under
a stereomicroscope and the degree of damage was
scored. Further distal 8 cm of the colon was subject to
the determination of colonic myeloperoxidase (MPO),
lipid peroxidation (LPO) and alkaline phosphatase
(ALP) activities. A small piece of the sample from distal
colon of each animal was fixed in 10% neutral buffered
formalin and embedded in paraffin wax and sectioned for
immunohistochemical examination of NFκ-B and iNOS
expression.
RESULTS: NCB-02 showed a dose dependent protection
against DNCB-induced alteration in colon length
and weight. NCB-02 treatment also showed a dose
dependent protection against the elevated levels of MPO,
LPO and ALP, induced by DNCB. NCB-02 demonstrated
a significant effect at a dose of 100 mg/kg b.wt.,
which was almost equipotent to 100 mg/kg b.wt. of
sulfasalazine. Treatment with sulfasalazine and curcumin

Key words: Curcumin; Colitis; Dinitrochlorobenzene;
NFκ-B; iNOS
Venkataranganna MV, Rafiq Md, Gopumadhavan S, Peer
G, Babu UV, Mitra SK. NCB-02 (standardized Curcumin
preparation) protects dinitrochlorobenzene-induced colitis
through down-regulation of NFκ-B and iNos. World J
Gastroenterol 2007; 13(7): 1103-1107
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INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s
disease and ulcerative colitis (UC), is a chronic and
relapsing inflammatory disease caused by the inflammation
and sores in the lining of large intestine and characterized
clinically by recurrent episodes of bloody diarrhea,
cramping, abdominal pain and histologically by mucosal
inflammation and injury[1]. Conventional therapy for UC
includes sulfasalazine and other 5-aminosalicylic acid
(5-ASA) type of compounds, and in more persistent and/
or severe cases, oral, rectal and parenteral corticosteroids
and immunosuppressants are administered[2]. All of these
have significant toxicities and are partly or completely
ineffective in significant numbers of patients[3].
Several agents used in the management of IBD, such as
corticosteroids, sulfasalazine and 5-ASA, have documented
regulation of Nuclear Factor K appa-B (NF κ -B)
function[2]. Given the importance of inflammatory cell
activation involved in the development of IBD, there
is a need for a treatment modality against IBD that can
block the inflammatory processes. There is substantial
evidence for the involvement of oxidative stress and
profound alterations in the biosynthesis of the labile free
www.wjgnet.com
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radical nitric oxide from L-arginine in the pathogenesis
of colitis[4]. The use of medicinal plants or their active
components has become an increasingly attractive
approach for the treatment of UC. Curcumin, the active
principle in turmeric, is a polyphenolic antioxidant and
a natural yellow orange dye. Turmeric contains three
curcumin analogues based on the number of hydroxyl
groups present in the parent molecule. They are Curcumin
(Curcumin I), demethoxy curcumin (Curcumin Ⅱ) and bisdemethoxy curcumin (Curcumin Ⅲ). Curcumin is a active
constituent of Curcuma longa, whose anti-inflammatory
properties are related in part to inhibition of the activities
of the cyclooxygenase, lipoxygenase and NF κ -B in
several cell systems[5-9]. Many experimental studies have
demonstrated the important role of Curcumin in the
attenuation of IBD and colonic cancer and it is also
known to exhibit a variety of beneficial effects including
antitumor, anti-HIV, antioxidant, anticataract development,
septic shock, promotion of wound healing in normal
and diabetic conditions, anti-asthmatic, anti-colitis, antifibrosis, reduction of mucosal damage, prevention of UV
damage to skin, inhibition of development of cancers
of the skin, stomach, colon, prostate, oral cavity and
liver. Furthermore, Curcumin could also inhibit tumor
metastases, pancreatitis, drug or alcohol-induced liver
fibrosis, cystic fibrosis and Alzheimer's disease[10,11].
NCB-02 is a standardized extract of Curcuma longa
containing 78% curcuminoids, 72% of which is Curcumin,
18.08% demethoxy curcumin and 9.42% bis-demethoxy
Curcumin. This study was designed to evaluate its efficacy
and mechanism of action against 2, 4‑dinitrochlorobenzene (DNCB)-induced ulcerative colitis in rats.

MATERIALS AND METHODS
Animals
Laboratory bred Wistar male rats weighing between
220-250 g were used for the experiments. The animals
were housed and acclimatized to a constant temperature
of 22 ± 3℃ and were exposed to 12 h day and night cycle.
The animals were fed with synthetic diet and water ad
libitum.
Effect of NCB-02 on UC in rats induced by DNCB[12]
Forty-eight rats were divided into six groups of eight
animals each and, the nape hair was depleted. About 300
µL DNCB in acetone (20 g/L) was dropped to the nape
of the rats once a day for 14 d. On the 15th day, animals
of Groups Ⅱ-Ⅵ were subject to intracolonol challenge of
DNCB. Intra-colon challenge was done by infusing 0.25
mL of 0.1% DNCB in 50% alcohol into colon by a nylon
catheter (3 mm in diameter), which was inserted into the
colon at the site of 8 cm from the anus. GroupⅠserved
as normal control and received 50% alcohol instead of
DNCB. The animals were kept in Trendelenburg position
for 1 min after DNCB administration and maintained in
cages with free access to water and food.
Rats of Groups I and Ⅱ ser ved as nor mal and
positive controls respectively and were administered
with water (vehicle) at a dose of 10 mL/kg b.wt. p.o. and
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Group Ⅲ rats with 100 mg/kg b.wt. p.o. of reference
drug, sulfasalazine. Rats of groups Ⅳ-Ⅵ received 25, 50
and 100 mg/kg b.wt. p.o. of NCB-02, respectively. The
treatment was carried out for 10 d, after challenge with
DNCB. On d 10, after assigned treatment, all the animals
were euthanized by exsanguinations. The entire length
of the colon starting from the ceacal end was excised,
opened and gently rinsed with ice-cold saline. The colon
was kept flat with the mucosal surface upward on a plate
prechilled to 4℃. The length of the colon, weight of
entire colon and distal 8 cm of the colon were recorded.
The distal part of the colon was immediately observed
under stereomicroscope to note any visible damage. The
degree of damage was scored macroscopically on a 0-5
scale by independent observers[13]. Further distal 8 cm of
the colon was subject to the determination of colonic
myeloperoxidase[14], lipid peroxides[15] and ALP activity. A
small piece of the sample from distal colon of each animal
was fixed in 10% neutral buffered formalin and embedded
in paraffin wax and sectioned for immunohistochemical
examination[16].
Myeloperoxidase (MPO) activity
MPO is an enzyme found in cells of myeloid origin,
and has been used extensively as a biochemical marker
of granulocyte (mainly neutrophil) infiltration into
gastrointestinal tissues[14]. Samples of distal colon were
homogenized in 10 mmol/L potassium phosphate buffer,
pH 7.0 containing 0.5% hexadecyltrimethylammonium
bromide and centrifuged for 30 min at 20 000 × g at 4℃.
An aliquot of the supernatant was then allowed to
react with a solution of 1.6 mmol/L O-dianisidine and
0.1 mmol/L H2O2. The rate of change in absorbance was
measured spectrophotometrically at 650 nm. One unit of
myeloperoxidase activity was defined as degrading 1 mmol
of H2O2 per min at 37℃ and was expressed as units per
milligram of tissue sampled (U/mg tissue).
Estimation lipid peroxidation and ALP
The tissue was homogenized at a concentration of 10%
w/v in 0.15 mol/L potassium chloride using a glass
homogenizer. The homogenate was centrifuged at 800 × g
and the supernatants were used for the estimation of
lipid peroxides[15] and alkaline phosphatase (ALP) using
Boheringer Mannheim kit.
Immunohistochemistry for NFκ-B and inducible nitric
oxide synthase (iNOS)[16]
Colon sections were deparaffinized in xylene, for 2-5 min
and dehydrated with 100% ethanol for 2-3 min followed
with 95% ethanol for 1 min, then rinsed in distilled water.
Tissue sections were incubated with primary antibody at
appropriate dilution in phosphate buffered saline (PBS) for
1 h at room temperature, then incubated in biotinylated
secondary antibody in PBS for 1 h at room temperature.
After rinsing in PBS for 3 changes of 2 min each,
sections were incubated in freshly prepared peroxidase
substrate solution for 10 min at room temperature and
counterstained with weak haematoxylin for 10 min after
rinsing with PBS.
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Table 1 Various biomarkers of colitis
Ulcer index

b

Colon length

Colon Wt.
Distal Colon wt. MPO Units/gm
(Total) (gm) (last 8 cm) (gm) of tissue

LPO nmol/L per
100 mg

ALP IU/100 mg

Control

0.00 ± 0.00

19.88 ± 0.41

1.46 ± 0.05

0.52 ± 0.02

2.98 ± 0.42

145.75 ± 13.78

26.63 ± 3.45

Positive control

4.50 ± 0.25b

15.75 ± 0.39b

2.18 ± 0.13b

1.33 ± 0.10b

5.63 ± 0.46b

296.23 ± 23.98b

252.13 ± 33.69d

Sulfasalazine (100 mg/kg)

2.75 ± 0.39f

18.13 ± 0.37h

1.76 ± 0.05j

0.84 ± 0.05h

3.60 ± 0.29j

211.54 ± 32.23j

136.38 ± 17.69j

NCB-02 (25mg/kg)

3.75 ± 0.23

15.13 ± 0.37

1.98 ± 0.14

1.22 ± 0.13

4.27 ± 0.45

259.38 ± 28.71

232.38 ± 33.79

NCB-02 (50mg/kg)

3.00 ± 0.18j

16.50 ± 0.31

1.88 ± 0.15

1.09 ± 0.09

3.90 ± 0.32

205.69 ± 22.09j

186.88 ± 24.86

NCB-02 (100mg/kg)

2.63 ± 0.25f

18.13 ± 0.45h

1.69 ± 0.07j

0.90 ± 0.06j

3.73 ± 0.30j

174.84 ± 13.06h

153.13 ± 20.23j

P < 0.001, dP < 0.01 vs control; fP < 0.001, hP < 0.01, jP < 0.05 vs positive control.

Statistical analysis
The values were expressed as mean ± SE. The results were
analyzed statistically using one‑way ANOVA followed
by Dunnet’s multiple comparison test using GraphPad
Prism software package (Version 4.0) to find the level of
significance. The minimum level of significance is fixed at
P < 0.05.

RESULTS
Rats sensitized and challenged with DNCB showed ulcers
with severe macroscopic inflammation in the colon as
assessed by the colonic damage score. Colon length was
significantly reduced with a significant increase in total and
distal colon weight in colitic rats as compared with noncolitic control rats. There was also a significant increase
in colonic MPO, LPO and ALP activity as compared with
non-colitic rats (Table 1). Treatment with NCB-02 showed
a dose dependent protection against DNCB-induced
colonic damage as indicated by normalization of colon
length, reduction in colon weight (total and distal) and
decrease in the levels biochemical markers such as MPO,
LPO and ALP. NCB‑02 at a dose of 100 mg/kg b.wt. p.o.
showed a significant effect on various parameters (Table 1).
Reference drug sulfasalazine presented with a significant
reversal of DNCB-induced alterations at a dose of 100
mg/kg b.wt. p.o. (Table 1).
Sulfasalazine treatment resulted in significant protection
with the mean ulcer score of 2.75 ± 0.39 and NCB-02 had
a dose dependent protection at 25, 50 and 100 mg/kg b.wt.
with ulcer scores of 3.75 ± 0.23, 3.00 ± 0.18 and 2.63 ± 0.25
(P < 0.001), respectively (Table 1).
Myeloperoxidase activity is an established marker for
inflammatory cell (mainly neutrophils) infiltration in rodent
models of colitis, and was thus examined. MPO activity
was significantly increased in colitis rats as compared
with the control. NCB-02 treatment inhibited DNCBinduced MPO activity in a dose dependent manner. Both
sulfasalazine and NCB-02 at a dose of 100 mg/kg b.wt.
significantly protected DNCB-induced elevation of MPO
activity (Table 1).
High level expression of iNOS and NF κ -B were
observed in colitis rats, which is revealed by immunohistochemistry (Figures 1 and 2). This immunohistochemistry
for NFκ-B and iNos expression revealed that NCB‑02
at a dose 100 mg/kg b.wt. inhibited the DNCB-induced

expression of these pro-inflammatory mediators of
ulcerative colitis.
From the various parameters evaluated it was observed
that 100 mg/kg b.wt. of NCB‑02 was almost equipotent to
sulfasalazine at 100 mg/kg b.wt.

DISCUSSION
In the present investigation, the beneficial effects observed
with NCB-02 (Standardized Curcumin preparation)
treatment were assessed based on the improvement of
colon weight and length, and histologically by preservation
of the colon architecture in comparison with the rats from
the non-treated colitic group. The biochemical assays, such
as MPO and ALP, performed in the colonic specimens
confir med the anti-inflammatory effect exerted by
Curcumin at a dose of 100 mg/kg, since it was associated
with significant reduction in MPO and ALP activities.
MPO activity has been widely used to detect and follow
intestinal inflammation, and a reduction in the activity of
this enzyme can be interpreted as a manifestation of the
anti-inflammatory activity of a given compound. Alkaline
phosphatase activity is considered as one of the sensitive
markers of inflammation in the intestine, as this enzyme
activity is invariably augmented in these experimental
conditions of colitis. The results obtained in this study
confirm the intestinal anti-inflammatory effect previously
demonstrated for Curcumin[9,17].
Earlier studies provided evidence of significantly
elevated activation of NF κ -B in ulcerative colitis and
Crohn’s disease[18,19]. Several therapeutic agents with NFκ-B
inhibitory activity, such as sulfasalazine, mesalamine, and
corticosteroids have been used for the treatment of IBD.
They have sundry defects such as steroid dependence
and steroid resistance, decreasing glucose tolerance,
hepatotoxicity and pancreatitis[2]. Now, more potent and
selective treatment strategies for IBD aim at preventing
NF κ -B activation in mucosal macrophages and T
lymphocytes.
According to the well-described role of NF κ -B in
inflammatory regulation and iNOS expression, the degree
of NFκ-B expression was determined in the colonic tissue
samples from animals subjected to DNCB sensitization
and challenge. The inflammatory status induced by DNCB
was associated with increased colonic NFκ-B expression
when compared to normal tissues. Curcumin treatment
resulted in inhibition of NFκ-B expression and similar
www.wjgnet.com
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Figure 1 A: Section of colon in normal control showing normal structure and
architecture (immunohistochemistry, 40 x); B: Section of colon in DNCB control
showing extensive NFκ-B (brown) expression in tissue (immunohistochemistry,
40 x); C: Section of colon in sulfasalazine treated group showing limited NFκ-B
(brown) expression (immunohistochemistry, 40 x); D: Section of colon in NCB-02
treated group showing minimal NFκ-B (brown) expression (immunohistochemistry,
40 x).

Figure 2 A: Section of colon in normal control showing normal structure and
architecture (immunohistochemistry, 40 x); B: Section of colon in DNCB control
showing extensive iNos (brown) expression in tissue (immunohistochemistry,
40 x), C: Section of colon in sulfasalazine treated group showing limited iNos
(brown) expression (immunohistochemistry, 40 x); D: Section of colon in NCB-02
treated group showing minimal iNos (brown) expression (immunohistochemistry,
40 x).

response was observed with sulfasalazine treatment.
Nitric oxide is one of the important pro-inflammatory
mediators, which plays a key role in the pathogenesis of
IBD. In our study, we evaluated the effect of Curcumin

on colonic iNOS activity in the DNCB-induced model
of experimental colitis. DNCB administration increased
colonic iNOS activity expression in rats, as detected by
immunohistochemistry (Figure 2B). The intestinal anti-
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inflammatory effect exerted by NCB-02, was associated
with a reduction of iNOS expression (Figure 2D) when
compared with DNCB control animals.
Myeloperoxidase is an enzyme found in cells of
myeloid origin, and has been used extensively as a
biochemical marker of granulocyte (mainly neutrophil)
infiltration into gastrointestinal tissues. Our study showed
that DNCB raised the levels of colonic MPO, which was
ameliorated in NCB-02 and sulfasalazine treated groups.
In addition, our study gives some evidence about the
mechanisms involved in the intestinal anti-inflammatory
effect of Curcumin. One of the mechanisms could be
its inhibition of free radical generation and antioxidant
proper ties, which is evident from several earlier
observations[9,10]. This activity may play a crucial role in
the intestinal anti-inflammatory effect of the Curcumin,
because intense oxidative insult is a common feature in
human IBD and in the different experimental models of
rat colitis, such as the trinitrobenzene sulfonic acid (TNBS)
and the DNCB models in rats, and is an important
mechanism for tissue damage during chronic intestinal
inflammation[18].
In the last decade, it became increasingly clear that
NO overproduction by iNOS is deleterious to intestinal
function, which contributes significantly to gastrointestinal
immunopathology in the chronic inflammatory events in
IBD[16,18]. The important role attributed to NO in these
intestinal conditions prompted us to study whether the
beneficial effects of Curcumin on DNCB-induced colitis
could be related to an effect on colonic NO production.
The results in this study reveal that colonic inflammation
is associated with a higher colonic iNOS expression, as
evidenced by immunohistochemistry. Treatment of colitic
rats with NCB-02 effectively inhibited the upregulated
colonic iNOS expression.
The present study revealed that oral treatment
of NCB-02 in colitic rats significantly inhibited the
NF κ -B pathway, which is reported to be activated as
a consequence of the intestinal inflammatory process
induced by DNCB. The molecular mechanism involved in
the suppressive effects of Curcumin on NFκ-B could be
due to the inhibition of NFκ-B by acting as antioxidants,
since NFκ-B is a redox-sensitive transcription factor and
activated by oxidative stress in the inflamed intestinal
mucosa via blocking the phosphorylation and degradation
of IkB protein, as previously reported in vitr o and
in vivo[7,19].
In conclusion, Curcumin treatment ameliorates colonic
damage in DNCB-induced colitic rats, an effect associated
with an improvement in intestinal oxidative stress and a
downregulation in colonic iNOS and NFκ-B expression.
Therefore, Curcumin (NCB-02) may hold promise for the
treatment of inflammatory bowel disease.
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Abstract
AIM: To analyze the clinico-pathological spectrum of
primary duodenal neoplasms.
METHODS: A total of 55 primary duodenal neoplasms
reported in the last 10 years after excluding ampullary
and periampullary tumors were included in the study.
Clinical details were noted and routine hematoxylin
and eosin stained paraffin sections were studied for
histological subtyping of the tumors.
RESULTS: On histopathological examination primary
duodenal neoplasms were categorized as: epithelial
tumor in 27 cases (49.0%) including 10 cases of
adenoma, 15 cases of adenocarcinoma, and 2 cases of
Brunner gland adenoma; mesenchymal tumor in 9 cases
(16.3%) consisting of 4 cases of gastrointestinal stromal
tumor, 4 cases of smooth muscle tumor and I case of
neurofibroma; lymphoproliferative tumor in 12 cases
(21.8%), and neuroendocrine tumor in 7 cases (12.7%).
CONCLUSION: Although non-ampullary/periampullary
duodenal adenocarcinomas are rare, they constitute the
largest group. Histopathological examination of primary
duodenal tumors is important for correct histological
subtyping.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although the small intestine constitutes 75% of the
gastrointestinal tract, tumors arising from it are rare. Small
intestine tumors account for about 5% of all alimentary
tract tumors and the duodenum has a higher proportion
of these tumors than the jejunum and ileum[1]. Duodenal
carcinomas account for 20%-25% of all small bowel
malignancies, whereas sarcomas, carcinoid and lymphomas
are less common [2]. Duodenal tumors pose diagnostic
difficulties because of their rarity, non-specific signs
and symptoms and the fact that duodenum is usually
overlooked during upper gastrointestinal endoscopy.
The present study was undertaken to analyze the clinicopathological spectrum of primary duodenal neoplasms
reported in the last 10 years.

MATERIALS AND METHODS
A retrospective analysis of duodenal tumors retrieved
from the Department of Histopathology, PGIMER, over
a period of 10 years (1997-2006) was done. A total of
60 duodenal neoplasms after excluding 163 ampullary/
periampullary carcinomas were retrieved from the records.
All the clinical details like age, sex, presenting symptoms
were noted from the patient record files. Relative
laboratory and radiological findings were obtained. The
specimens were fixed in buffered formalin and processed
for paraffin sections. Routine hematoxylin and eosinstained paraffin sections were studied for histological
subtyping of the tumors. Histochemical stains like periodic
acid Schiff (PAS), mucicarmine and immunohistochemical
stains like c-kit, smooth muscle antigen (SMA), leukocyte
common antigen (LCA), CD3, CD20, cytokeratin (CK)
and chromogranin, were performed wherever required for
exact categorization of the tumors.

RESULTS
Of the 60 duodenal neoplasms retrieved from records,
2 metastatic tumors and 3 with direct infiltration into
duodenum from the subjacent site were excluded from
the study. The study comprised of 55 cases of primary
duodenal neoplasm. The age of the patients ranged from
7 to 70 years and the male to female ratio was 1.9:1. On
histopathological examination primary duodenal neoplasms
were categorized as: epithelial tumor, mesenchymal tumor,
lymphoproliferative tumor, and neuroendocrine tumor
(Table 1).
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Table 1 Histopathological sub-classification of primary duodenal
tumors (excluding ampullary and peri-ampullary tumors)
Pathological diagnosis

Cases n (%)
n = 55

Epithelial tumors
Adenoma
Adenocarcinoma
Brunneroma

27 (49.0)
10
15
2

Mesenchymal tumors
GIST
Benign
Borderline
Malignant

9 (16.3)
4
1
1
2

Smooth muscle tumors
Leiomyoma
Leiomyosarcoma
Neurofibroma

4
2
2
1

Lymphoproliferative tumors
Non-Hodgkin’s lymphoma
B-Cell lymphoma
T Cell lymphoma

12 (21.8)
12
10
2

Neuroendocrine tumors
Carcinoid
Gastrinoma
Neuroendocrine carcinoma

7 (12.7)
5
1
1

Epithelial tumor
There were 27 cases (49.0%) of epithelial tumor including
10 cases of adenoma, 15 cases of adenocarcinoma, and 2
cases of Brunner gland adenoma.
Adenoma: The age range of patients with adenoma was
10-60 years and the male to female ratio was 1:2.3. All
adenomas were seen in D1-D2 portion of the duodenum
and classified as flat adenoma in 1 case, tubular adenoma
in 4 cases, tubulovillous adenoma in 3 cases (Figure 1A),
and villous adenoma in 2 cases. Two cases were associated
with multiple polyposis coli.
Adenocarcinoma: The age range of patients with
adenocarcinoma was 38-70 years and the male to female
ratio was 2:1. Of the 15 cases, 10 were found to have
adenocarcinoma in D1-D2 portion of the duodenum
and 5 were found to have adenocarcinoma in D3-D4
portion of the duodenum. Adenocarcinomas were subcategorized as well-differentiated adenocarcinoma in 8
cases, moderately-differentiated adenocarcinoma in 2
cases, poorly-differentiated adenocarcinoma in 2 cases,
and signet ring cell type adenocarcinoma in 3 cases. One
adenocarcinoma was documented to be arising from preexisting adenoma (Figure 1B).
Brunner gland adenoma: They were both seen in males
and in D1 portion of the duodenum. The size of tumor
ranged from 3 to 4 cm and microscopic examination
showed lobules o f Br un n er gl a n d s se p a r a ted by
fibrovascular septa (Figure 1C).
Mesenchymal/stromal tumor
Nine cases (16.3%) were included in this group including 4
cases of gastrointestinal stromal tumor, 4 cases of smooth
muscle tumor and 1 cases of neurofibroma. The age of
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the patients ranged from 32 to 70 years and the male to
female ratio was 1.2:1.
Gastrointestinal stromal tumor (GIST): On pathological examination of 4 cases of GIST, 2 cases were
diagnosed as malignant GIST based on the mitotic count
of > 10/50HPF and tumor deposits in the omentum.
One case was categorized as borderline GIST (5 cm in
diameter) with its mitotic count of < 5/50HPF and one
case was labeled as benign GIST (Figure 1D). All the cases
were positive for c-kit immunostain and negative for SMA
and S-100.
Smooth muscle tumor: Leiomyoma was found in
2 cases and leiomyosarcoma in 2 cases, respectively.
L e i o myo s a r c o m a s h owe d h i g h m i t o t i c c o u n t o f
> 5/10HPF and areas of necrosis. All the tumors were
positive for SMA and negative for c-kit.
Neural tumor: There was a single case of plexiform
neurofibroma positive for S-100 immunostain.
Lymphoproliferative tumor
Twelve cases (21.8%) of non-Hodgkin’s lymphoma (NHL)
were included in this group (Figure 1E). Their age ranged
from 7 to 85 years and the male to female ratio was
5:1. All the cases were found to have primary duodenal
lymphoma because of the absence of disease in other
organs. On immunohistological examination of 12 cases,
B-cell phenotype was documented in 10 cases (83.3%) and
T-cell phenotype in 2 cases (16.6%). B-cell lymphomas
were further categorized as diffuse large cell lymphoma in
8 cases and MALT lymphoma in 2 cases. T-cell duodenal
lymphomas were not associated with enteropathy as there
was no histologic evidence of villous atrophy.
Neuroendocrine tumor
Seven tumors (12.7%) were located in this histologic
category. Of the 7 tumors, 5 were benign and labeled as
carcinoid based on their characteristic organoid pattern,
granular cytoplasm, salt and pepper nuclear chromatin
as well as chromogranin positivity (Figure 1F). One case
was suggestive of gastrinoma based upon serum gastrin
levels and was associated with parathyroid and adrenal
hyperplasia. However, confirmation was not possible on
histopathological sections because of non-availability of
gastrin immunostain. One case was labeled as malignant as
it had metastatic tumor deposits in lymph nodes.

DISCUSSION
Primary neoplasms of the small intestine constituting 90%
of mucosal surface area of the gastrointestinal tract are
extremely rare. Duodenum constituting only 4% of the
small intestine has a relatively high proportion of all the
tumors as compared to the jejunum and ileum. Primary
malignant duodenal tumors are uncommon accounting for
only 0.3% of all gastrointestinal tumors but about 50% of
all small intestinal malignancies[3]. Many hypotheses have
been proposed for the low incidence of small intestinal
tumors as compared to large intestine including greater
fluidity of contents in the small intestine which are less
irritating as compared to solid contents, rapid transit
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time through small intestine thus reducing exposure to
potential carcinogens, low bacterial population producing
carcinogens and high concentration of lymphoid tissue
producing IgA immunoglobulins[4]. It is often difficult to
diagnose early duodenal tumors because of their nonspecific and insidious presentation.
Adenomas are the most common duodenal
tumors including adenomatous polyps and Brunner
adenoma. Adenomatous polyps are more common
at gastroduodenal junction and have 3%-5% risk of
developing adenocarcinoma in life time[5]. Brunner gland
adenomas are very rare tumors and less than 150 cases
have been reported in the English literature [6]. Size of
the tumor is important in differentiating adenoma from
Brunner gland hyperplasia. The size less than 1 cm is
referred to as Brunner gland hyperplasia. Adenocarcinoma
of the duodenum not originating from the region of
ampulla is an uncommon neoplasm. Since it was first
described in 1746 by Hamburgur, approximately 800
cases have been described in the literature. However in
these cases there is a mix of ampullary and peri-ampullary
carcinomas[7]. Because of rarity of these tumors, the exact
www.wjgnet.com

February 21, 2007

Volume 13

Number 7

Figure1 Photomicrograph showing
tubulovillous adenoma of the duodenum
(A) (HE × 100), adenocarcinoma
arising in tubulovillous adenoma of the
duodenum (B) (HE × 200), Brunner
glands separated by fibrovascular
septa in Brunner gland adenoma of
the duodenum (C) (HE × 40), spindle
cell gastrointestinal stromal tumour in
submucosa of the duodenum (D) (HE ×
100), non-Hodgkin’s lymphoma showing
diffuse monotonus population of large
cells infiltrating duodenal glands (E)
(HE × 100), and circumscribed tumour
nodule with tumour cells arranged in
organoid pattern in carcinoid of the
duodenum (F) (HE × 40).

etiological factors have not been defined. Patients with
familial adenomatous polyposis and Crohn’s disease or
celiac disease have a higher risk of developing duodenal
carcinoma [8]. In the present study, there were no such
associations. Only one case was arising in the background
of adenoma and two cases of tubulovillous adenoma were
associated with polyposis coli. Heniford et al[8] reported
that D3-D4 is the most common site of primary duodenal
adenocarcinoma. However, in the present study 10/15
adenocarcinomas were seen in D1-D2 region. D3-D4
carcinomas have better prognosis as compared to D1-D2
carcinomas because the former behave like hind gut
tumors and the latter as foregut tumors[9].
The relative frequency of duodenal stromal tumors is
not known. Only one study has presented a series of 190
duodenal stromal tumors[10]. According to their findings,
gastrointestinal stromal tumors (GIST), the c-kit positive
primary mesenchymal tumor, constitute the largest group
of mesenchymal tumors in contrast to smooth muscle
tumors i.e. leiomyoma and leiomyosarcoma which are now
thought to be rare in the duodenum. In the present series,
there were an equal number of GISTs and smooth muscle
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tumors. However, the number of cases was too small to
comment on the relative frequency of these tumors in
duodenum. Neural tumors are extremely rare in duodenum
and we encountered only one case of neurofibroma. Subclassification into benign, borderline and malignant stromal
tumors based upon size, mitosis, necrosis and metastasis
must be made for prognosis[11,12].
Gastrointestinal tract is the most common extranodal
site of involvement by non-Hodgkin’s lymphoma (NHL).
Primary lymphomas of the small intestine are relatively
rare and account for 4%-12% of all NHLs and 19%-38%
of small bowel malignancies [13]. In the present study,
duodenal lymphomas accounted for 21.8% all duodenal
tumors. Recently repor ts have emerged about the
increasing frequency of primary MALT lymphomas in
the small intestine and it is proposed that small intestinal
MALTs are of gastric origin due to the probable role of
H pylori. In this review of duodenal tumors, only two cases
were of MALT lymphomas, the remaining were of diffuse
large B cell type and T cell lymphomas. It was reported
that intestinal T cell lymphomas are more common in
small intestine and a term “enteropathy associated T-cell
lymphoma” (EATL) has been introduced based upon their
existence in coelic disease[14]. However, no such association
was seen in our cases. Histopathological examination and
exact immunophenotyping of NHLs based on WHO
classification are important from the prognosis point
of view as T cell lymphomas have poor prognosis as
compared to B cell lymphomas. MALT lymphomas in B
cell group have a better prognosis.
Duodenal neuroendocrine tumors (NETs) comprise
2%-3% of all gastrointestinal endocrine tumors including
gastrinoma, somatostatinoma, nonfunctional NET, and
poorly-differentiated NE carcinoma and their frequency
is increasing[15]. Although the majority of these tumors are
nonfunctional, they can cause Zollinger-Ellison syndrome
and other clinical hormonal syndromes. Gastrinomas
defined as gastrin secreting tumors are associated with
Zollinger-Ellison syndrome (ZES) and hereditar y
gastrinomas, which are associated with endocrine neoplasia
type 1 (MEN1) syndrome. In the present study, there was
only one case of gastrinoma associated with parathyroid
and adrenal hyperplasia.
In conclusion, although non-ampullary/periampullary
duodenal adenocarcinomas are rare, they constitute the
largest group. Histopathological examination of primary
duodenal tumors is important for the correct histological
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subtyping of these tumors and collecting prognostic
information which influences the management.
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Abstract
AIM: To substantiate the claims of Unani and Arabian
traditional medicine practitioners on the gastroprotective
potential effect of a popular spice anise, “Pimpinella
anisum L.” on experimentally-induced gastric ulceration
and secretion in rats.
METHODS: Acute gastric ulceration in rats was
produced by various noxious chemicals including 80%
ethanol, 0.2 mol/L NaOH, 25% NaCl and indomethacin.
Anti-secretory studies were undertaken using pylorusligated Shay rat technique. Levels of gastric non-protein
sulfhydryls (NP-SH) and wall mucus were estimated and
gastric tissue was also examined histologically. Anise
aqueous suspension was used in two doses (250 and
500 mg/kg body weight) in all experiments.
RESULTS: Anise significantly inhibited gastric mucosal damage induced by necrotizing agents and
indomethacin. The anti-ulcer effect was further
confirmed histologically. In pylorus-ligated Shay rats,
anise suspension significantly reduced the basal gastric
acid secretion, acidity and completely inhibited the
rumenal ulceration. On the other hand, the suspension
significantly replenished ethanol-induced depleted
levels of gastric mucosal NP-SH and gastric wall mucus
concentration.
CONCLUSION: Anise aqueous suspension possesses
significant cytoprotective and anti-ulcer activities against
experimentally-induced gastric lesions. The anti-ulcer
effect of anise is possibly prostaglandin-mediated and/or
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through its anti-secretory and antioxidative properties.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Peptic ulcer is one of the most common gastrointestinal
diseases. Nowadays proton pump inhibitors and H 2 recptor antagonists are the most widely used drugs to
treat peptic ulcer disease. However, the use of these antisecretory drugs may be associated with adverse events and
ulcer relapse[1]. Thus, there is a need for more effective, less
toxic and cost-effective anti-ulcer agents. In recent years,
a widespread search has been launched to identify new
anti-ulcer drugs from natural sources. Spices comprising
the most important products used for flavouring foods
and medicinal herbs are considered nowadays as potential
bioactive agents that can interfere positively or negatively
with different cellular processes. They are extensively used
in medicine, pharmaceuticals, perfumery and cosmetics.
Additionally they possess antioxidant, antispasmodic,
carminative, anti-inflammatory and other properties[2].
A number of spices, namely large cardamom [3], black
pepper [4], caraway [5], cardamom [6], clove [7], coriander [8],
ginger[9], peppermint[10], saffron[11], turmeric[12] among others
have been shown to possess significant gastroprotective
activities. The fruits of anise plant, pimpinella anisum L. are
locally known as aniseed and yansoon. The powder and
concoction of anise in hot water are used as carminatives,
antiseptics, diuretics, digestives, aphrodisiacs, and as a
remedy for insomnia and constipation[13]. Furthermore,
anise is used to promote digestion, improve appetite,
alleviate cramps and nausea, and relieve flatulence and
colic. In Unani and Arabian traditional medicine, anise fruit
and its oil have been used for the treatment of various
conditions including dyspepsia, nausea, abdominal colic,
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seizures and epilepsy[14]. The phytotherapeutic applications
of anise are based on its digestive, carminative, diuretic
and expectorating action[15]. It has been recently reported
that the essential oil of anise is highly effective as both
larvicidal and ovicidal agents[16]. The principal constituents
of anise are volatile oil, coumarins, fatty acids, flavonoid
glycosides, proteins and carbohydrates. Among others,
anise oil contains anethole and caryophyllene [17]. Since
we have not come across a scientific report on potential
gastroprotective claims of anise aqueous suspension,
the present study was carried out to assess its effect on
chemically induced gastric ulcers in rats.

MATERIALS AND METHODS
Plant material and preparation of aqueous suspension
Seeds of anise “Pimpinella anisum L” (family, Apiaceae)
were purchased from local herb shops in Riyadh and
identified by an expert taxonomist. The sample was
preserved (voucher # Sp.Pr.17-16-37) at the herbarium
of Department of Pharmacognosy, College of Pharmacy,
King Saud University, Riyadh, for future reference. The
seeds were ground to very fine powders (75 micron), and
used as an aqueous suspension for treatment in different
experiments.
Animals
Wistar albino rats of either sex, approximately at the same
age, weighing 150-200 g were obtained from Animal Care
Center, College of Pharmacy, King Saud University, and
maintained under standard conditions of temperature,
humidity and light (12 h dark, 12 h light) with free access
to Purina chow and water. Before testing, the animals were
fasted for 36 h with access to water ad libitum. The conduct
of experiments and the procedure of sacrifice (using
ether) were approved by the Ethics Committee of the
Experimental Animal Care Society, College of Pharmacy,
King Saud University, Riyadh, Saudi Arabia.
Dose selection and route of administration
The doses (250 and 500 mg/kg, body weight) selected for
the experiments were based on the maximum tolerable
dose value (MTD) (30 g/kg, body weight) and the
preliminary experiments conducted on the pharmacological
activity of anise. The aqueous suspension was administred
intragastrically (i.g.) through gastric intubation in all
experiments, unless stated otherwise intraperitoneally (i.p.)
in anti-secretory studies.
Gastric lesions induced by necrotizing agents
T he rats were administered ig 1 mL of different
necrotizing agents (80% ethanol, 0.2 mol/L NaOH and
25% NaCl)[18]. Anise suspension was given 30 min before
the administration of necrotizing agents. One hour after
the administration of ethanol and alkalis, the rats were
sacrificed and examined for lesions in the stomach. The
scoring of lesions, assays of gastric wall mucus and
sulfhydryls as well as histological changes in the stomach
were observed as follows. The patchy lesions of stomach
induced by ethanol were scored according to the method
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described by Schiantarelli et al[19] using the following scale:
0 = normal mucosa, 1 = hyperemic mucosa or up to 3
small patches, 2 = 4 to 10 small patches, 3 = more than
10 small or up to 3 medium-sized patches, 4 = 4 to 6
medium-seized patches, 5 = more than 6 medium-sized or
up to 3 large patches, 6 = 4 to 6 large patches, 7 = 7 to 10
large patches, 8 = more than 10 large patches or extensive
necrotic zones. “Small” was defined as up to 2 mm across
(max. diameter), “medium-sized” between 2 and 4 mm
across and “large” more than 4 mm across.
Histopathological evaluation
Gastric tissue samples were fixed in neutral buffered
for malin for 24 h. Sections of g astric tissue were
histopathologically examined to study the ulcerogenic
and/or anti-ulcerogenic activity of anise. The tissues were
fixed in 10% buffered formalin and processed using a VIP
tissue processor. The processed tissues were embedded in
paraffin blocks and sections of about 5 μm thickness were
cut by employing an American optical rotary microtome.
These sections were stained with haematoxylin and eosin
using routine procedures [20]. The slides were examined
microscopically for pathomorphological changes such as
congestion, hemorrhage, edema and erosions using an
arbitrary scale for severity assessment of these changes.
Gastric lesions induced by indomethacin
I n d o m e t h a c i n wa s s u s p e n d e d i n 1 . 0 % c a r b ox y m e t hy l c e l l u l o s e ( C M C ) i n wa t e r ( 6 m g / m L ) a n d
administered orally to the rats fasted for 36 h at a dose of
30 mg/kg, body weight. Control rats were treated similarly
with an equivalent amount of the vehicle[21]. The animals
were sacrificed 6 h after the treatment. Stomachs of the
animals were excised off the body, rinsed with normal
saline and studied accordingly [22].
Estimation of non-protein sulfhydryls
Gastric mucosal non-protein sulfhydr yls (NP-SH)
were measured according to the method of Sedlak
and Lindsay[23]. The glandular part of the stomach was
homogenized in ice-cold 0.02 mmol/L ethylenediam
inetetraacetic acid (EDTA). Aliquots of 5 mL of the
homogenates were mixed in 15 mL test tubes with 4 mL
of distilled water and 1 mL of 50% trichloroacetic acid
(TCA). The tubes were shaken intermittently for 10 min
and centrifuged at 3000 g. Two milliliters of supernatant
was mixed with 4 mL of 0.4 mol/L Tris buffer at pH 8.9, 0.1
mL of 5, 5’-dithio-bis- (2-nitrobenzoic acid) (DTNB) was
added and the sample was shaken. The absorbance was
measured within 5 min after addition of DTNB at 412 nm
against a reagent blank.
Pylorus-ligated rats (anti-secretory studies)
The rats were fasted for 36 h with access to water ad libitum
before the pylorus was ligated under ether anesthesia and
care was taken to avoid bleeding and occlusion of blood
vessels [24]. Anise suspension was administered immediately
after pylorus ligation (Shay) by ip route. The rats were
sacrificed at 6 h after the pylorus ligation. The stomachs
were removed, with the contents collected, volumes
measured, centrifuged and analyzed for titratable acidity
www.wjgnet.com
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Table 1 Effect of aqueous anise suspension on gastric lesions induced by various necrotizing agents (mean ± SD)
Group

Dose

serial

Treatment

1

Control (distilled water)

2
3

Ulcer index

(mg/kg, i.g.)

80% EtOH

0.2 mol/L NaOH

25% NaCl

-

7.16 ± 0.40

8.00 ± 0.0

7.66 ± 0.33

Pimpinella anisum

250

6.00 ± 0.51b

4.66 ± 0.80d

6.00 ± 0.44d

Pimpinella anisum

500

4.00 ± 0.44d

3.66 ± 0.66d

4.00 ± 0.51d

Six rats were used in each group. bP < 0.01, dP < 0.001 vs control (distilled water) group, Student’ t-test.

Table 2 Effect of aqueous anise suspension on ethanol-induced histopathological changes in rat stomach
Histopathological changes
Group
serial

Treatment and dose
(mg/kg, body weight/day)

1

Control (distilled water)

Congestion

Haemorrhage

Edema

Necrosis

Inflammatory
changes

Dysplastic
changes

Erosions

Ulceration

-

-

-

-

-

-

-

-

++

+++

++

++

+

+

+++

+

+

+

+

-

-

-

+

-

+

+

+

-

-

-

+

-

(1 mL/rat)
2

Ethanol, 80% (1 mL/rat)

3

Pimpinella anisum
(250) + ethanol, 80% (1 mL/rat)

4

Pimpinella anisum
(500) + ethanol, 80% (1 mL/rat)

-: normal, +: moderate, ++: severe, +++: intensely severe.

against 0.01 mol/L NaOH (pH 7) and the titratable acidity
was calculated.
Determination of gastric wall mucus
Gastric wall mucus was determined according to the
modified procedure of Corne et al [25] . The glandular
segment of the stomach was separated from the rumen
of the stomach, weighed, and transferred immediately to
10 mL of 0.1% w/v Alcian blue solution (in 0.16 mmol/L
sucrose solution buffered with 0.05 mL sodium acetate
at pH 5). Tissue was stained for 2 h in Alcian blue, and
excess dye was removed by two successive rinses with 10
mL of 0.25 mmol/L sucrose, first for 15 min and then for
45 min. Dye complexed with the gastric wall mucus was
extracted with 10 mL of 0.5 mmol/L magnesium chloride
which was intermittently shaken for 1 min at 30 min
intervals for 2 h. Four milliliters of blue extract was then
vigorously shaken with an equal volume of diethyl ether.
The resulting emulsion was centrifuged at 4000 r/min for
10 min and the absorbance of aqueous layer was recorded
at 580 nm. The quantity of Alcian blue extracted from per
gram of wet glandular tissue was then calculated.
Statistical analysis
T he readings shown ar e mea ns ± SD. T he mea n
deter mination of treatment g roups was compared
statistically with that of control group using t.

RESULTS
Effect of anise suspension on gastric lesions induced by
necrotizing agents
The treatments of rats with 80% ethanol, 0.2mol/L
www.wjgnet.com

NaOH and 25% NaCl produced extensive gastric lesions
mainly confined to glandular part of the stomach in all
the control (only necrotizing agents treated) animals. The
ulcer index in ethanol, sodium hydroxide and sodium
chloride treatment groups was 7.16 ± 0.40, 8.00 ± 0.0
and 7.66 ± 0.33, respectively. Pretreatment of rats with
anise suspension at the dose of 250 mg/kg significantly
prevented g astric mucosal lesions induced by all
necrotizing agents used. The ulcer index was 6.00 ± 0.51 (P
< 0.01), 4.66 ± 0.80 (P < 0.001), 6.00 ± 0.44 (P < 0.001),
respectively. In stomach of rats treated with 500 mg/kg
of anise suspension, the ulcer index was 4.00 ± 0.44 (P <
0.001), 3.66 ± 0.66 (P < 0.001) and 4.00 ± 0.51 (P < 0.001)
in ethanol, sodium hydroxide and sodium chloride groups
respectively (Table 1).
Effect of anise suspension on histopathological changes
Histological examination of gastric mucosa showed
various histopathological changes including congestion,
haemor rhage, edema, necrosis, inf lammator y and
dysplastic changes, erosions and ulcers in ethanoltreated rats. The histological indices such as necrosis,
inflammatory and dysplastic changes and ulceration were
completely inhibited in rats pretreated with both doses of
anise suspension (Table 2).
Effect of anise suspension on gastric lesions induced by
indomethacin
To study the anti-ulcerogenic effects of anise suspension
on indomethacin-induced gastric lesions in rats, two does
of anise were used (250 and 500 mg/kg). Data on ulcer
index in rats pretreated with both doses are reported in
Table 3. The increased ulcer index in the gastric mucosa of

Al Mofleh IA et al. Anise protects rats against gastric ulcers

Table 3 Effect of aqueous anise suspension on indomethacininduced gastric mucosal lesions (mean ± SD)
Group Treatment
serial

Animals
Dose
(n )
(mg/kg, i.g.)

Ulcer index

1

Control (indo only)

6

-

32.16 ± 5.22

2

Pimpinella anisum + indo

6

250

9.66 ± 1.96d

500

d

3

Pimpinella anisum + indo

6

6.00 ± 2.68

d

P < 0.001 vs control (indo only) group. Indo: indomethacin.
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Table 4 Effect of aqueous anise suspension on the levels of
non-protein sulfhydryles (NP-SH) in glandular stomach of rats
treated with 80% ethanol (mean ± SD)
Group Treatment and dose
serial (mg/kg, body weight)
1
2
3

NP-SH concentration
(μmol/100 mg wet tissue)

Control (distilled water, 1 mL/rat)
Control (80% ethanol, 1 mL/rat)
Pimpinella anisum (250) + 80%
ethanol (1 mL/rat)
Pimpinella anisum (500) + 80%
ethanol (1 mL/rat)

4

11.70 ± 0.86
6.31 ± 0.23b
6.71 ± 0.33
7.68 ± 0.37a

Six rats were used in each group. aP < 0.05 vs control (80% ethanol) group, bP
< 0.01 vs control (distilled water) group.

Table 5 Effect of anise suspension on gastric secretion, acidity and gastric lesion index in pylorus-ligated Shay rats (mean ± SD)
Group serial

Treatment

1

Control (distilled water)

2

Pimpinella anisum

3

Dose (mg/kg, i.g)

Pimpinella anisum

Volume of gastric content (mL)

Titratable acid (mEq/L)

Ulcer index
0.66 ± 0.21

-

7.83 ± 0.38

127.21 ± 2.64

250

3.00 ± 0.51b

109.33 ± 4.64d

0.00d

500

d

d

0.00d

0.33 ± 0.33

108.33 ± 5.00

Six rats were used in each group. bP < 0.01, dP < 0.001 vs control (distilled water) group.

Table 6 Effect of aqueous anise suspension on ethanol-induced
gastric wall mucus concentration changes (mean ± SD)
Group Treatment
serial
1
2
3
4

Dosage
Gastric wall mucus (μg Alcian
(mg/kg,i.g.) blue of wet glandular tissue)

Control
(distilled water)
80% ethanol only

-

474.98 ± 13.86

-

307.92 ± 10.69d

Pimpinella anisum
80% ethanol
Pimpinella anisum
80% ethanol

250

372.75 ± 20.87a

500

391.60 ± 20.19b

a

P < 0.05, bP < 0.01 vs 80% ethanol group only; dP < 0.001 vs control (distilled
water) group.

indomethacin-treated rats (control) decreased significantly
in animals treated with lower and higher anise doses
(32.16 ± 5.22 vs 9.66 ± 1.96 and 6.00 ± 2.68, P < 0.001),
respectively.
Effect of anise suspension on ethanol-induced mucosal
NP-SH depletion
The level of NP-SH in the gastric mucosa of control rats
was 11.70 ± 0.86 mmol/g of tissue, significantly decreased
to 6.31 ± 0.23 mmol/g following the administration of
ethanol. Pretreatment of rats with anise suspension at
a higher dose (500 mg/kg) significantly replenished the
ethanol-induced depletion of NP-SH (P < 0.05, Table 4).
Effect of anise suspension on gastric secretion in pylorusligated rats
In control rats, pylorus ligation for 6 h resulted in an
accumulation of 7.83 ± 0.38 mL of gastric secretions,

titratable acidity 127.21 ± 2.64 in mEq/L and an ulcer
index 0.66 ± 0.33 (Table 5). The volume of gastric
secretion in the rats treated with 250 and 500 mg/kg of
anise suspension significantly reduced to 3.00 ± 0.51 and
0.33 ± 0.33 mL, respectively (P < 0.001). A significant
decrease in titratable acid was also observed in the rats
treated with 250 mg/kg (109.33 ± 4.64 mEq/L) and 500
mg/kg (108.33 ± 5.00 mEq/L) (P < 0.001). A complete
inhibition of rumenal ulcers was noted in both groups of
rats treated with anise suspension as compared to control
group (Table 5).
Effect of anise suspension on ethanol-induced changes in
gastric wall mucus
The treatment of rats with ethanol significantly decreased
the Alcian blue binding capacity of gastric wall mucus
(307.92 ± 10.69 μg Alcian blue/g of tissue) as compared
to control rats (474.98 ± 13.86 μg/g). Pretreatment of
rats with anise suspension at 250 mg/kg (372.75 ± 20.87
μg/g) and 500 mg/kg (391.60 ± 20.19 μg/g) significantly
enhanced Alcian blue binding capacity of gastric mucosa (P
< 0.05, P < 0.01), respectively (Table 6).

DISCUSSION
Anise spice is added to foods in several forms as whole
spice, as ground spice or as isolates from its extracts
and volatile oils[26]. We adopted the suspension dosage
form in our experiments. In necrotizing agents-induced
gastric ulcers, the lesions were characterized by multiple
haemorrhage red bands of different sizes along the
longitudinal axis of the glandular stomach. This model is
extensively used to screen drugs for cytoprotection[27]. This
study provided a substantial evidence for anti-ulcer and
www.wjgnet.com
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anti-secretory effects of an aqueous suspension of anise.
Anise suspension significantly inhibited the ulcerative
lesions in all animals treated with necrotizing agents, which
was further confirmed by histological findings in which
necrosis, inflammatory, dysplastic changes and ulcers were
abolished in rats pretreated with anise suspension. The
ability of gastric mucosa to resist injury by endogenous
secretions (acid, pepsin and bile) and ingested irritants (e.g.,
alcohol), can be attributed to a number of factors that
have been referred to collectively as mucosal defense[28].
Gastric mucosal lesions induced by necrotizing agents such
as ethanol and strong alkalis are due to depression of the
gastric defensive mechanisms[29]. Although ethanol-induced
ulcers are not inhibited by anti-secretory agents such
as cimetidine, they are inhibited by agents that enhance
mucosal defensive factors such as prostoglandins[30]. The
current results suggest that the anti-ulcerogenic effect
of anise suspension may be related to its cytoprotective
activity.
Gastroduodenal ulceration is a major limitation to the
use of non-steroidal anti-inflammatory drugs (NSAIDs)[31].
NSAIDs can cause damage to the gastroduodenal mucosa
via several mechanisms, including their topical irritant
effect on the epithelium, impairment of the mucosal
barrier function, suppression of gastric prostaglandin
synthesis, reduction of gastric mucosal blood flow and
interference with the repair of superficial injury. The
presence of acid in the lumen of stomach also contributes
to the pathogenesis of NSAIDs-induced ulcers and
bleeding by impairing the restitution process, interfering
with haemostasis and inactivating several growth factors
that are important in mucosal defence and repair[32,33]. In
the present study, indomethacin-induced gastric lesions
were extensively prevented by anise suspension.
Sulfhydr yl compounds have been significantly
implicated in the maintenance of gastric integrity,
particularly when reactive oxygen species are involved
in the pathophysiology of tissue damage[34]. Since anise
suspension significantly enhances gastric tissue NP-SH
concentration, it is conceivable that it is endowed with
antioxidant properties accounting for its gastroprotective
action. Hence, it may be presumed that the replenishing
potential of sulfhydryl levels might play an important
role in the gastroprotective activity of anise suspensiontreated rats. Furthermore, the ability of anise suspension
to protect against ulcers in NSAID-induced gastric
damage may be due to the enhanced synthesis of mucus,
bicarbonates and prostaglandins, as well as reduced acid
output. Consequently these activities can promote the
inhibition of basal gastric acid secretion as observed in
our pylorus-ligated shay rat model[35,36]. On the other hand,
it is also important to note that NSAIDs can increase
gastric acid secretion, through prostaglandin inhibitory
effects on parietal cells[37,38]. In the present study, anise
aqueous suspension treatment significantly reduced basal
gastric acid volume, titratable acidity and completely
inhibited ulcer formation in rats. However, to date it is
still controversial about relationship between the acid
output and the genesis of acute gastric mucosal lesions
(AGML). Our results support this correlation as anise
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suspension significantly reduced basal gastric secretion and
prevented the occurrence of AGML in pylorus-ligated
rats and thus, supporting the hypothesis of "no acid no
ulcer" [39]. It has been postulated that histamine may be
involved in the formation of pylorus-ligated ulcers and
play a mediating role in the gastric secretion stimulated by
gastrin, vagal stimulation, and cholinergic agents[40]. The
correlation between gastric mucus and acid secretions
in our experiments, clearly demonstrated that the gastric
protective activity obser ved may be associated with
correction or normalization of the altered balance between
erosive action of acid and gastric mucosal defence. Gastric
wall mucus is thought to play an important role as a
defensive factor against gastric mucosal damage[41]. The
determined gastric wall mucus is used as an indicator for
gastric wall mucus secretion[42]. In the present investigation,
anise suspension caused a significant enhancement of
ethanol-induced gastric wall mucus depletion in rats, which
further confirms the ability of anise to prevent and/or
ameliorate the effects of damaging agents. These findings
indicate that anise suspension preserves gastric mucus
secretion and strengthens gastric mucosa defense factors
in experimental rats[43,44].
The chemical constituents of anise responsible for
its anti-ulcer activity are not known. However, chemical
studies demonstrated that anise contains estrarole [45],
anethol [46], eugenol [47], anisaldehyde, methylchanicol [48],
coumarins[49] and terpenes[50] among others as the major
compounds. Anise and its compounds have been identified
as free radicals or active oxygen scavengers[51]. In addition,
the ability of anise suspension to protect gastric mucosa
against lesions induced by chemical irritants is likely by
maintaining the structural integrity of gastric epithelium
and balance of aggressive factors and inherent protective
mechanisms [52] . Further more, the mucus gel and its
bicarbonate gradient seem to be an important first-line
defense against harmful stimuli [53].
In conclusion, anise suspension exhibits an anti-ulcer
potential activity through at least one or more possible
mechanisms including inhibition of basal gastric secretion,
stimulation of mucus secretion, endogenous gastric
mucosal prostaglandin synthesis and possible antioxidative
activity.
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Abstract
AIM: To study whether H pylori are associated with
chronic cholecystitis.
METHODS: The subjects were divided into three
groups: H pylori -infected cholecystitis group, H pylori negative cholecystitis group and control group.
Pathologic changes of the gallbladder were observed
by optic and electronic microscopes and the levels of
interleukin-1, 6 and 8 (IL-1, 6 and 8) were detected by
radioimmunoassay.
RESULTS: Histological evidence of chronic cholecystitis
including degeneration, necrosis, inflammatory cell
infiltration, were found in the region where H pylori
colonized. Levels of IL-1, 6 and 8 in gallbladder mucosa
homogenates were significantly higher in H pylori infected cholecystitis group than those in H pylori negative cholecystitis group and control group.
CONCLUSION: H pylori infection may be related to
cholecystitis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori have definite pathogenic action and related to

gastritis, peptic ulcer and gastric carcinoma[1-3]. Previous
studies have demonstrated that H pylori correlate with
diseases of the extra-gastrointestine, the liver and the
cholecyst[4-8]. We have isolated H pylori from the gallbladder
and cultured H pylori, and preliminarily proved that there
exist live H pylori in the gallbladder. In the present study,
we carried out electron microscopic observation and
immunohistochemistry to the relationship between H pylori
and chronic cholecystitis.

MATERIALS AND METHODS
Subjects
A total of 81 cases with chronic cholecystitis were
divided into H pylori-negative group (n = 59) and H pyloriinfected group (n = 22), based on previous studies, PCR
amplification and culture results for H pylori. Besides, a
control group was used including another 20 cases who
were proved to have no obvious inflammation in the
gallbladder mucosa except polyps or H pylori infection after
a cholecystectomy due to a gallbladder polyp.
Investigation of gastric mucosa metaplasia of epithelial
cells of gallbladder mucosa
By histochemical staining of AB/PAS mucus, and based
on histology of mucosal epithelial cells and characteristics
of cells secreting mucus, an observation was made on
gastric mucosa metaplasia of epithelial cells of gallbladder
mucosa and colonization of H pylori in the epithelial
cells of gallbladder mucosa. The relationship between
H pylori and the epithelial cells of the gallbladder was
obser ved by optic microscopy, W-S silver stain and
immunohistochemical stain using anti-H pylori antibodies.
The resected gallbladder specimens from cases with
chronic cholecystitis were immobilized with 3% glutaral,
embedded and sliced for transmission electron microscopic
investigation.
Relationship between H pylori and cholecystitis
Inflammatory changes of epithelial cells of the gallbladder
mucosa in regions where H pylori colonized were observed
by optic microscopy and ultrastructural changes of
epithelial cells of the gallbladder were observed by electron
microscopy.
Assay of interleukins in homogenates of gallbladder
mucosa
The radio-immune analytical reagent kits including IL-1,
IL-6 and IL-8 were purchased from Dongya Research
Institute of Biotechnology, Beijing. About 1 g of resected
www.wjgnet.com
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Figure 1 Specimens of chronic cholecystitis. Many positive PAS materials appear
in epithelial cells of gallbladder mucosa (PAS × 200).

Table 1 Gastric metaplasia of gallbladder mucosa in cases with
chronic cholecystitis
Group

n

Gastric metaplasia
positive (n )

Gastric metaplasia
negative (n )

Control

20

0

20

Chronic cholecystitis
Positive H pylori
Negative H pylori

22
59

18
7

4
52

gallbladder mucosa was added into ultrapure water (Center
of Molecular Biology, Research Institute of Surgery,
Daping Hospital, Third Military Medical University,
Chongqing) and homogenized in an IS-l homogenizer
(Medical Machine Factory, Zhejiang) and the homogenates
were centrifuged at 4000 r/min for l5 min, after which
the supernatants were collected and frozen at -70℃. The
EC-l200 radio-immune auto-γ counting device (Zhongjia
Corporation of ChinaAcademy of Sciences) was employed
for radio-immune assay and a fully automatic biochemical
assay device of Beckman Synchron CX (USA) was used
for quantification of proteins of gallbladder mucosa
homogenates.
Statistical analysis
Data were expressed as mean ± SD and processed
with Chi-square test and Student’s t-test. P < 0.05 was
considered significant.

RESULTS
Metaplasia of gastric mucosa in gallbladder
In cases with a gallbladder polyp, no mucus stained
positive for PAS was found in gallbladder mucosa in the
region beyond the polyp, nor was positive substance of
PAS, i.e., metaplasia of gastric mucosa, found in epithelial
cells of mucosa. In cases with chronic lithic cholecystitis,
the epithelium of gallbladder mucosa was column-like.
AB/PAS stain showed that neutral mucus was positive,
with metaplasia of epithelial cells of gastric mucosa
(Figure 1).
Gastric metaplasia of gallbladder mucosa appeared in
www.wjgnet.com
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Figure 2 Helicobacter-like bacteria and inflammatory cells in mucus on gallbladder
mucosa (WS × 200).

25 cases, accounting for 30.86% (25/81) of all cases with
chronic cholecystitis, however, it was not found in the
control group (Table 1). This suggested that gallbladder
mucosa was apt to gastric metaplasia in cases with
chronic lithiasis cholecystitis, especially in those with H
pylori infection in the gallbladder, of gastric metaplasia
of gallbladder mucosa (18/22, 81.82%) was significantly
higher than that in cases with negative H pylori (7/59,
11.86%, P < 0.01). It indicated that gastric metaplasia of
gallbladder mucosa might relate to H pylori infection in the
gallbladder.
Colonization of H pylori in gallbladder and its relation to
cholecystitis
The optic microscopy showed that H pylori were scattered
or aggregated on, or located within certain distance
from the epithelial cells of gallbladder mucosa and that
individual H pylori distributed inside epithelial cells or
existed in intercellular space. At the regions with H pylori,
column-like cells secreted neutral mucus by AB/PAS
stain, indicating that the gallbladder mucosa had gastric
metaplasia and that gastric mucosa were absent in some
regions where H pylori located. Electron microscopy
showed that H pylori were located on, stuck to, or entered
the epithelial cells of gallbladder mucosa, where, however,
no tight junction or adhesiveness could be seen. Moreover,
optic microscopy revealed degeneration of the epithelial
cells of gallbladder mucosa, infiltration and exudation
of inflammatory cells, exfoliation of the epithelial cells,
or chronic inflammation such as mucous layer shrinkage,
decrease or even disappearance of epithelial cells and
glands at sites where H pylori were present. Sometimes,
there could be seen that inflammatory cells aggregated
around H pylori and the latter were swallowed (Figure
2). On the other hand, only a few inflammatory cells
infiltrated the mucosa, with intact epithelial cells, in most
cases with chronic cholecystitis without H pylori infection.
Exceptionally, even in these cases, there emerged acute
inflammatory manifestations including infiltration of
large numbers of inflammatory cells, degeneration,
apoptosis and exudation of epithelial cells or chronic
inflammatory manifestations including atrophy of glands.
In the gallbladder epithelial cells that were proved to have
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Table 2 Levels of IL-l, IL-6 and IL-8 of gallbladder mucosa
homogenates (ng/g protein)
Groups

n IL-1

Control

20

IL-6

21.65 ± 4.28

IL-8

77.10 ± 10.56

101.35 ± 19.39

159.54 ± 37.65b

152.10 ± 46.57

Chronic cholecystitis
Negative H pylori
Positive H pylori
b

Figure 3 Electron microscopic images of H pylori on the epithelial cells of
gallbladder (× 6000).

H pylori infection by electron microscopy, changes such
as destructed epithelial cell membranes, loose cellular
connection, dilatation of mitochondria, decrease or
disappearance of crest, and dilatation of endoplasmic
reticulum could be seen, which were severer compared
with those without H pylori infection (Figure 3). The levels
of IL-l, IL-6 and IL-8 of gallbladder mucosa homogenates
were expressed as ng/g protein, and are shown in Table 2.
In cases with chronic cholecystitis, the levels of IL-l,
IL-6 and IL-8 in gallbladders in both negative H pylori
group and positive H pylori group were significantly higher
than those in control group (P < 0.01). Moreover, there
was a significant difference between positive H pylori group
and negative H pylori group in levels of IL-1, IL-6 and IL-8
in the gallbladder (P < 0.01).

DISCUSSION
The g allbladder and stomach are originated from
endoblasts and have similar tissue structures, with the
mucosa covered with a slime layer [9-11]. AB/PAS stain
showed that the epithelial cells of gallbladder mucosa
secreted neutral mucus, with gastric metaplasia, in about
31% (25/81) of cases with cholecystolithiasis. Caselli
et al [12-14] also demonstrated that the epithelial cells of
gallbladder mucosa had gastric metaplasia in cases with
cholecystolithiasis. Roa et al[15,16] found that pepsinogenⅠ,
Ⅱ were expressed in the epithelial cells of the gallbladder.
The significance of gastric metaplasia of gallbladder
mucosa lies in that the gastric metaplasia provides
conditions for H pylori colonization in the gallbladder. The
results of our study showed that compared with cases
without H pylori infection in the gallbladder, there was a
significantly higher incidence rate of gastric metaplasia
in epithelial cells of gallbladder mucosa in cases with
H pylori infection. It also proved that the gastric metaplasia
of gallbladder mucosa closely correlated with H pylori
infection in the gallbladder. Nevertheless, there were cases
with H pylori infection but without gastric metaplasia
in the gallbladder; meanwhile, there were cases with
gastric metaplasia but without H pylori infection. These
findings indicate that there is no absolute causality
between gastric metaplasia and H pylori infection in the

59

68.76 ± 15.08b
b,d

22 142.68 ± 25.41

241.50 ± 80.60b,d 593.18 ± 93.59b,d

P < 0.01 vs control group; dP < 0.01 vs negative H pylori group.

gallbladder. We hypothesize that many epithelial cells
of the gastrointestinal tract have receptors for H pylori
colonization factors. Therefore, H pylori can colonize on
the epithelial cells of the gallbladder mucosa with no
gastric metaplasia[17].
We also found that H pylori were separated from or
adhered to the epithelial cells of gallbladder mucosa and
that some H pylori penetrated through epithelial cells of
the gallbladder. It that H pylori had a weak ability to pass
through cells. At sites where H pylori aggregated, the
epithelial cells of gallbladder mucosa were degenerated,
erosive and even apoptotic. In some parts, inflammatory
cells infiltrated, which became more obvious with increases
in the number of H pylori. Electron microscopy revealed
that at sites infected with H pylori, the integrity of the cell
membrane of epithelial cells was destructed, with swelling
of mitochondria and dilatation of endoplasmic reticulum.
It showed that colonization of H pylori in the gallbladder
cause inflammation of the gallbladder, mainly chronic
nonsuppurative inflammation, which in turn provides an
important condition for H pylori as one of the etiological
factors leading to cholecystitis. Damage of the epithelial
cells of gallbladder mucosa caused by H pylori may relate
to specific virulence factors of H pylori such as cytotoxinassociated protein (CagA) and vacuoles toxin (VacA) , as
well as urease, lipopolysaccharides and mucus enzyme of
H pylori[18].
H pylori can also damage the epithelial cells of
gallbladder mucosa through mediating inflammation and
immunoreaction. The levels of IL-l, IL-6 and IL-8 in
gallbladder mucosa homogenates in both H pylori negative
and positive groups were significantly higher than those
in control group (P < 0.01). It indicates that chronic lithic
cholecystitis is associated with these three cytokines. We
also found that in cholecystitis specimens with or without
H pylori infection, levels of IL-1, IL-6 and IL-8 were
significantly higher than those in control group, indicating
that these interleukins may participate in pathogenesis of
chronic cholecystitis. This may accord with the function
of IL in H pylori-related gastritis and gastric ulcer [19,20].
After infection with H pylori, the urease, lipase and heat
shock proteins secreted by H pylori can activate regional
epithelial cells of mucosa and vascular endothelial
cells expressing IL-1, IL-6 and other cytokines such as
ICAM-I, hence stimulating and chemotaxy intravascular
lymphocytes and monocytes to shift to H pylori-infected
sites. IL-6 can activate and induce differentiation of T
cells through other cytokines and enhance the function of
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monocytes and NK cells, resulting in inflammation and
injury at sites infected with H pylori. Our study verified
that CagA of H pylori exerted strong action in stimulating
epithelial cells and other cells expressing IL-8, which can
activate and chemotactic neutrophils and lymphocytes[21].
In cases with chronic cholecystitis infected with
H pylori, levels of IL-1, IL-6 and IL-8 of gallbladder
mucosa were significantly higher than those in cases
without H pylori infection. It sug gests that H pylori
participate in and aggravate cholecystitis, destruction
of epithelial cells of the gallbladder and atrophy of the
gallbladder [22]. Taken together, our study indicates that
H pylori infection in the gallbladder may be one of the
etiological factors leading to cholecystitis. The precise
mechanism requires further verifications.
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Abstract
AIM: To study the effect of early intrajejunal nutrition
on enzyme-protein synthesis and secretion during acute
pancreatitis.
METHODS: Fifteen dogs were randomly divided into
parenteral nutrition (n = 7) and early intrajejunal
nutrition groups (n = 8). An acute pancreatitis model was
induced by injecting 5% sodium taurocholate and trypsin
into the pancreas via the pancreatic duct. Intrajejunal
nutrition was delivered with a catheter via a jejunostomy
t u b e a f t e r t h e m o d e l wa s e s t a b l i s h e d fo r 2 4 h .
On d 1 and 7 and at the beginning of nutritional support,
radioactive tracing and electron microscopes were used
to evaluate the enzyme-protein synthesis in acinar cells,
the subcellular fractionation and the change in zymogen
6
3
granules after 1.85 × 10 Bq L- H phenylalanine was
infused at 30, 60, 120, and 180 min.
RESULTS: The 3H radioactivity in pancreatic acinar
cells reached its peak level at 60 min, and the contents
in the early intrajejunal nutrition group were higher
than those in the parenteral nutrition group, which
were then decreased. The mean number and area of
zymogen granules did not show any significant statistical
difference in both groups on d 1 or on d 7 (p > 0.05).
CONCLUSION: Early intrajejunal nutrition might be
effective in dogs with acute pancreatitis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Beneficial effects of total enteral nutrition (TEN) have
been noted in a number of diseases, such as burn, trauma,
and sepsis. In comparison with parenteral nutrition (PN),
TEN can reduce nosocomial infection, multiple organ
failure (MOF), and the length of hospitalization[1-4]. Early
enteral nutritional (EEN) support in patients with acute
pancreatitis (AP) has been evaluated by some authors who
reported that it can moderate the acute phase response
and improve disease severity and clinical outcome [5-10].
However, the commonly encountered problems of gastric
atony and outlet obstruction have limited the successful
delivery of enteral nutrition to patients with severe acute
pancreatitis. In addition, many surgeons believe that
EEN may lead to recurrence of symptoms and delayed
complications, because EEN may increase the release of
digestive enzymes and lysosomal hydrolases. This action
of digestive enzymes and lysosomal hydrolases may be
important in the development of acute pancreatitis, as
lysosomal enzymes such as cathepsin B, are known to be
capable of activating trypsinogen and intracellular digestive
enzymes that may trigger the autodigestive phenomenon
of the pancreas [11]. However, these problems may be
overcome if enteral nutrition is delivered to the jejunum as
distal as possible from Treitz’s ligament, thereby avoiding
stimulation of the cephalic and gastric phase. Therefore,
it is necessary to investigate the effect of early intrajejunal
nutrition (EIN) on pancreatic acinar cell uptake of 3H
phenylalanine, digestive enzyme synthesis, storage and
discharge in dogs with AP.

MATERIALS AND METHODS
Materials
3
H phenylalanine (5mCi/ml) was obtained from
Amersham. CBZ-arginine-napthalamide , thymus DNA
www.wjgnet.com
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and RNA-napthalamide, cytochrome c, 3- (N-morphplino)
propanesulfonic acid (MOPS), phenylmethyl- sulfonyl
fluoride (PMSF), and Triton X-100 were from Sigma
Chemical. All other commercially available reagents were
of the highest purity.
Animal model
Twenty-two dogs weighing 18-22 kg had free access to
water. After fasting for 12-14 h, all dogs were anesthetized
by intramuscular injection of ketamine (10 ml/kg) and
intravenous injection of sodium pentobarbital (30 mg/kg).
Under sterile conditions, middle laparotomy and
duodenotomy were performed. An AP model was induced
by injecting 1mg/kg of a combined solution of 5% sodium
taurocholate and trypsin 8000-10 000 BAEF units/ml
into the pancreatic duct at a pressure of 30 cm H 2O.
The common biliary duct was clamped. A catheter was
placed at 30 cm distal to Treitz’s ligament via jejunostomy.
after the AP model was established, the duodenum and
abdomen were closed. The neck regions of dogs were
shaved and prepared in a sterile manner for catheterization.
A silastic catheter (1.0 mm in inner diameter, 1.5 mm in
outer diameter) was inserted through the external jugular
vein to reach the superior vena cava and connected to the
infusion solution. Fifteen dogs with AP survived after
7 d, and the death rate was 32% (7/22). The study was
approved by our Institutional Animal Committee.
Experimental groups and nutritional solution preparation
Fifteen dogs with AP were randomly divided into PN
group (n = 7) and EIN group (n = 8). The two groups
were isocaloric and isonitrogenous. PN solutions consisted
of 7% Vamin (SSPC, 9.4 g/1000 ml), 20% intralipid
(SSPC), and 50% glucose (GS). Non-protein calorie was
50 kC (209.2 kJ/kg) and nitrogen was 0.3 g/kg.d. The
total volume of solution infused was 70 ml/kg.d. The
energy index supported with glucose and fat emulsion was
1:1. Multivitamins and electrolytes were also included in
TPN solutions. The 0.9% saline solution was infused at
250 ml/kg during operation and postoperatively for 8 h,
thereafter at 125 ml/kg. The nutrient solution was infused
at a constant infusion rate by a pump (100-120 ml/h).
The EIN solution was Nutrison (Nutricia). The
jejunum was infused through a jejunostomy catheter with
250 ml Nutrison and 500 ml 0.9% saline at 24 h after
AP was induced, 500 ml Nutrison and 250ml 0.9%
saline were infused after 48 h and continued for 7 d. The
infusion rate was controlled by microcomputer-pump
(Nutricia). During the EIN support period, the insufficient
amount of calorie and nitrogen was supplemented by
partial parenteral nutrition[4] (Table 1).
Amino acid uptake
D o g s w i t h A P we r e i n f u s e d w i t h r a d i o a c t ive 3 H
phenylalanine (1.85 × 106 Bq) at beginning of PN or EIN
on d 1 and 7, respectively. The abdomen was opened twice
and partial pancreas was rapidly removed at 30, 60, 120
and 180 min after3H phenylalanine pulse infusion. After
rinsed with a cold homogenization buffer containing
5 mmol/L MOPS (pH 7.0), 250 mmol/L sucrose,
www.wjgnet.com
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Table 1 Calories, nitrogen and liquid supplemented between
two groups
Group

20%
50%
Vamin
Intralipid glucose
(9.4g/L)
(mL/kcal) (mL/kcal)
(mL/g)

PN group
227/500
500/500
640/6.0
(1-7 d)
EIN group 170/375
187.5/375
468/4.4
(1 d)
				
EIN group 113.6/250 125/250
298/2.8
(2-7 d)					

0.9%
saline
(mL)
2500
1750
1750

Nutrison
(1 kal/mL)
0
250 mL (1.6 g) +
NS500 mL
500 mL (3.2 g) +
NS 250 mL

NS: natural saline.

1 mmol/L MgSO4, and 0.1 mmol/L PMSF and trimmed
of fat, the pancreas was homogenized in this cold
buffer using a Brinkman polytron. The homogenate was
centrifuged at 150 × g for 15 min at 4℃ to pellet unbroken
cells and the resulting supernatant was used to measure 3H
phenylalanine uptake. For this purpose, an aliquot of the
supernatant was mixed with an equal volume of cold 20%
trichloroacetic acid (TCA) and centrifuged at 4000 × g for
15 min. The remaining radioactive 3H phenylalanine in the
resulting supernatant was quantified using a Packard liquid
scintillation counter.
Protein synthesis
The pancreas was sampled at the above fixed time points.
The pancreas was rinsed in cold homogenization buffer,
trimmed of fat, and divided into small fragments, which
were homogenized in 8 mL of homogenization buffer
using 5 full up- and down strokes of a motorized glassTeflon homogenizer. The homogenate was centrifuged at
150 × g for 15 min at 4℃ to remove unbroken cells and
debris. An aliquot was mixed with an equal volume of cold
20% TCA. After incubation on ice for 1 h to precipitate
proteins, the sample was centrifuged at 4000 × g for 15
min at 4℃. The pellet was washed twice in 2 mL of 10%
TCA. The final pellet was dissolved using a Packard liquid
scintillation counter after addition of 10 ml of Beckman
Ready-Solv.
Subcellular fractionation
T he pancreas was removed, homog enized and
subcellularly fractionated using the method of Tartakoff
and Jamieson [12] with some modifications by DeLisle
et al[13]. Briefly, the pancreas was divided into fragments,
homogenized in 8 ml homogenization buffer by 5 full
up- and -down strokes of a motorized glass-Teflon
homogenizer, unbroken cells and debris were removed by
centrifugation at 150 × g for 15 min at 4℃. The resulting
supernatant was considered to be the entire sample for
later calculation and to contain 100% of all measured
components, and centrifuged at 1300 × g for 15 min at 4℃,
yielding the “zymogen granule” pellet and a supernatant.
The latter was harvested and centrifuged at 12 000 × g
for 12 min at 4℃ to obtain the “lysosome-mitochondria”
pellet and a 12 000 × g supernatant. This supernatant
was centrifuged at 105 000 × r/min for 60 min at 4℃
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Figure 1 Change of 3H radioactivity in acinar cell uptake (A), enzyme-protein synthesis (B), zymogen granules (C), lysosomal mitochondria (D), and microsomal (E) at
different time points in two groups.

to produce a “microsomal” pellet and postmicrosomal
or soluble fraction. The pellets described above were
individually resuspended in 2 ml of homogenization
buffer prior to measurement of marker enzymes and
DNA. To measure the content of newly synthesized
protein in each fraction, an aliquot of the sample or the
resuspended pellet was mixed with an equal volume of
20% TCA, incubated for 1 h at 4℃ and centrifuged at
4000 × g. The pellet was washed as described above prior
to measurement of TCA-precipitable radioactivity.
Electron microscopy
The fixation procedure used for conventional thin-section
electron microscopy involved incubation with OsO4 alone
(1% or 2% in phosphate buffer) at 0℃ for 30 min. After
fixation, the sample was washed extensively in Veronal
acetate buffer (90 mmol/L, ph 6.0), stained by incubation
at 0℃ for 60 min in uranyl-magnesium acetate (0.5%) in
the same buffer, washed again, dehydrated and embedded.
Thin sections were doubly stained with uranyl acetate and
lead nitrate, and examined under Philip EM 400 electron
microscope.
A systematic randomized protocol was used to select
tissue areas for morphometric analysis[14]. In each grid, 10
pictures were taken by one operator at a magnification of
150 for a total of ten negatives per sample. Two hundred
and thirty pictures (PN group, n = 110; EIN group, n =
120) were printed and observed by one operator with

a semi automated method using a digitizing tablet and
pen, and a PC with dedicated software (Image Measure,
Microscince, USA). The interstitial and vascular space,
nonexocrine cells, exocrine cell nuclei, and acinar lumen
space were not considered. The cross-sectional cytoplasmic
area (mm2) of exocrine cells and mature exocrine enzyme
granules was directly measured on prints. In each group
of samples, the mean zymogen granular number and area
were obtained.
Statistical analysis
The data were collected by two blinded observers and
presented as mean ± SE for multiple determinations. The
statistical significance of observed changes was evaluated
by t test using SPSS 10.0 statistical-software. P < 0.05 was
considered statistically significant.

RESULTS
Pancreatic exocrine secretion stimulation test (PESST) on
the first day
Acinar cell uptake of 3H phenylalanine: The pancreatic
acinar cell uptake of 3H phenylalanine was evaluated at 60
min after the start of pulse infusion, and 3H radioactivity
in the EIN group was higher than that in PN group (P
< 0.05), and then gradually decreased. There was no
statistical difference between the two groups (Figure 1A).
Enzyme-protein synthesis: The maximal values for
www.wjgnet.com
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Figure 2 Change of MZGA in EIN group (A) and PN group (B) at different time points.

both groups were similar in acinar cell uptake of 3H
phenylalanine. The incorporation of 3H-phenylalanine into
enzyme protein was maximal at 60 min in both groups,
and then gradually decreased. There was no difference
between the two groups at 180 min (Figure 1B).
Intracellular transport of newly synthesized protein:
The peak level of 3H radioactivity was reached in the three
subcellular fractionations at 60 min, and 3H radioactivity in
zymogen granules in the EIN group was higher than that
in the PN group at 60min (P < 0.05). 3H radioactivity in
lysosomal-mitochondria and the microsomal subcellular
fractionation did not reach statistical difference at the
fixed time between the two groups, and then gradually
decreased, the changes did not reach statistical difference
(Figure 1C-E).
Electron microscopy
There was no difference in the submicroscopic cytology of
acinar cells between the two groups. In particular, the fine
structure of mature secretory granules was consistently
similar. The electron density of membrane-bound mature
exocrine granules had no change in this study in both
PESST determinations. However, the mean zymogen
granule number (MZGN) and mean zymogen granule area
(MZGA) were not apparently changed on d 1 and 7 in
either group, and the change in their number and unit area
at different time points did not reach statistical difference
(Figure 2A and B).

DISCUSSION
Traditionally, enteral nutrition is implemented after a
2-3 wk period of parenteral nutritional support[15]. This
clinical strategy has been developed to provide a sufficient
time period for the pancreas to rest and rehabilitate. The
concept of pancreatic rest stems from the belief that
stimulation of pancreatic exocrine function in patients with
acute pancreatitis releases large quantities of proteolytic
enzymes which result in autodigestion of the pancreas and
peripancreatic tissues, causing deterioration in the patient’s
condition. The presence of food in the stomach and
duodenum elicits gastropancreatic and duodenopancreatic
reflexes that result in the stimulation of pancreatic
exocrine secretion. However, these effects are insignificant
when nutrients are delivered directly into the jejunum[16-25].

www.wjgnet.com

Kaushik et al[26] reported that enteral feeding can be given
without stimulating pancreatic trypsin secretion provided
it is delivered into the mid-distal jejunum, because the
avoidance of trypsin stimulation may optimize enteral
feeding in patients with acute pancreatitis.
It is known that digestive proteins and lysosomal
enzymes are synthesized by polyribosomes binding
to the cytoplasmic surface of endoplasmic reticulum
(ER) membrane, and then transferred to the lumen of
ER cisternae [27]. They are transported together to the
Golgi, and normally separated from each other in the
Golgi complex and condensing vacuole (CV) stage of
intracellular transport. Normally, digestive enzymes and
lysosomal hydrolases, which are synthesized in ribosomes
attaching to the rough-surfaced endoplasmic reticulum and
migrating to the Golgi complex and CV, are separated from
each other by a complex sorting mechanism. Eventually,
they are targeted for inclusion in distinct organelles:
zymogen granules and lysosomes. In order to evaluate
the effect of EIN on pancreatic acinar cell uptake of
3
H-phenylalanine and incorporation into zymogen protein
in acute pancreatitic dogs, morphological changes were
observed by determining the process of amino acid uptake,
enzyme-protein synthesis, intracellular transport, and
discharge of newly synthesized proteins from the pancreas
within 3 h after beginning of PN and EIN on the first day.
The results showed that 3H phenylalanine radioactivity due
to amino acid uptake and the extent of incorporation into
newly synthesized proteins reached its peak level at 60 min
in both groups. The parameters in the EIN group were
higher than those in the PN group (P < 0.05), and then
gradually decreased. To further analyze the effect of EIN
on uptake of amino acids and enzyme-protein synthesis in
subcellular fractions on the first day, we used differential
and density-gradient centrifugation to determine the 3H
radioactivity in zymogen granules, lysosome-mitochondria
and microsomal subcellular fractionation. In this study,
the maximal values were obtained at 60 min in each of
these fractions in lysosomes (cathepsin B), mitochondria
(cytochrome oxidase) and zymogen granules (amylase),
and then gradually decreased. These results suggest that
the EIN alters neither amino acid uptake nor the extent of
incorporation of 3H radioactivity into newly synthesized
proteins.
To study the possibility of recurrent pancreatitis,
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PESST was perfor med to deter mine whether EIN
increases 3H radioactivity in lysosomes, mitochondria,
and zymogen granules during AP. The results showed
that the 3H radioactivity in amino acid uptake, enzymeprotein synthesis, and subcellular fractionation reached
its peak level at 60 min in both groups, which was higher
in the EIN group than in the PN group (P < 0.05), and
then gradually decreased. The content of 3H in zymogen
g ranules, lysosome-mitochondria and microsomal
subcellular fractionation were consistent with the changes
of amino acid uptake. The peak level of radioactivity on
d 7 was higher than that on d 1. The tissue level of pulselabeled proteins declined as expected due to secretion
of labeled digestive zymogens into the duodenum via
the pancreatic duct system. These results suggest that
7 d continuous intrajejunal nutrition can neither overstimulate acinar cell uptake of 3H nor enhance enzymeprotein synthesis and release. Cell fractionation studies
indicated that intracellular transport of granules was
not affected by EIN stimulation. Indeed, disappearance
of pulse-labeled proteins from 10 500 × g pellet (total
microsomal fraction enriched in rough endoplasmic
reticulum elements and expected to contain Golgi
elements as well) and their appearance in the 1300 × g
pellet (enriched in zymogen granules and presumably
condensing vacuoles) were not significantly different in
EIN stimulation.
It is known that stored zymogens g ranules and
l y s o s o m a l e n z y m e s c o u l d p l ay a ke y r o l e i n t h e
development of pancreatitis and may, in fact, explain the
intrapancreatic activation of digestive enzymes occurring
in the course of many forms of pancreatitis[28]. Secretory
proteins, on the other hand, progressively increase their
concentration within the dilated Golgi cisternal rims
and/or CV. The CV ultimately matures to ZG which is
transported to the luminal plasmalemma and releases its
contents by exocytosis. The large vacuoles containing both
secretory and lysosomal enzymes in acute pancreatitis
suggest that AP stimulates the process of CV maturation.
Therefore, theoretically, EIN might increase intracellular
transport and expand the CV compartment (formation of
large vacuoles). To quantitatively assess the effect of EIN
on the secretory granule cell compartment, ultrastructural
morphometrical study of the pancreas under electron
microscope was designed. The results showed that more
ZG was accumulated in the interstitial space. The number
and area of ZG were higher than those in nor mal.
However, no gross difference in acinar cell ultrastructure
was observed. These findings did not reach statistical
difference between the two groups on d 1 and 7 during the
nutritional support period, suggesting that EIN does not
promote pancreatic acinar cell enzyme protein synthesis
and release. The precise mechanism of EIN-stimulating
acinar cells is unclear. However, some results indicate that
receptor-triggered events of transmembrane signaling (rise
of cytoplasmic Ca2+) and the responsiveness and sensitivity
to gastrointestinal hormones in pancreatic acinar cells are
significantly inhibited[29].
In conclusion, early intrajejunal nutrition might be
effective in dogs with acute pancreatitis. However, further
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study is needed to evaluate the effects of EIN and PN in
patients with AP.
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Abstract
AIM: To investigate the effect of ceramide on the cell
cycle in human hepatocarcinoma Bel7402 cells. Possible
molecular mechanisms were explored.
METHODS: [ 3 - ( 4 , 5 ) - d i m e t h y l t h i a z o l - 2 -y l ] - 2 ,
5-diphenyltetrazolium bromide (MTT) assay, plasmid
transfection, reporter assay, FACS and Western blotting
analyses were employed to investigate the effect and the
related molecular mechanisms of C2-ceramide on the cell
cycle of Bel7402 cells.
RESULTS: C2-ceramide was found to inhibit the growth
of Bel7402 cells by inducing cell cycle arrest. During the
process, the expression of p21 protein increased, while
that of cyclinD1, phospho-ERK1/2 and c-myc decreased.
Furthermore, the level of CDK7 was downregulated,
w h i l e t h e t ra n s c r i p t i o n a l a c t i v i ty o f P PA R γ w a s
upregulated. Addition of GW9662, which is a PPARγ
specific antagonist, could reserve the modulation action
on CDK7.
CONCLUSION: Our results support the hypothesis
that cell cycle arrest induced by C2-ceramide may
be mediated via accumulation of p21 and reduction
of cyclinD1 and CDK7, at least partly, through PPARγ
activation. The ERK signaling pathway was involved in
this process.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ceramide has emerged as a novel lipid second messenger
with specific roles in mediating cell growth, differentiation,
stress responses and apoptosis[1-3]. Ceramide is generated
through the hydrolysis of sphingomyelin by the activation
of sphingomyelinase (SMase). A number of stimuli
have been reported to activate SMase [4-6]. Exogenously
administered synthetic ceramide mimicked the action
of these inducers in the regulation of various cell
functions. Ceramide mediates numerous cellular functions
such as differentiation, growth arrest, apoptosis and
proliferation [7,8] . Ceramide is thought to be involved
in modulating ceramide-activated protein kinase
(CAPK), mitogen-activated protein kinase (MAPK),
ceramide-activated protein phosphatase (CAPP) and
phospholipaseA2 (PLA2), etc[9]. Apoptosis induction
by ceramide is associated with Bcl-2 phosphorylation,
SAPK/JNK and caspase pathway activation[10]. On the
other hand, activation of PKC and Bcl-2 expression can
inhibit the ceramide signal pathway[11,12]. However, the link
between ceramide signaling and the cell cycle is poorly
understood.
To exploit the effect of ceramide on the cell cycle,
human hepatocarcinoma Bel7402 cells were employed
and treated with C2-ceramide. Hepatocarcinoma occurs
with high incidence in southern China and southeast Asia.
Radiation is one of the agents that activates ceramide
signaling[13], and therefore, it is of interest in investigating
the effect of ceramide on Bel7402 cells. In this study, we
observed inhibition of cell proliferation and cell cycle
arrest in the G1 phase following C2-ceramide treatment
in Bel7402 cells. Subsequent studies sug gested that
modulation might be mediated via accumulation of p21
and reduction of cyclinD1 and CDK7, at least partly,
through PPARγ activation. The ERK signaling pathway
was also involved in this process.

MATERIALS AND METHODS
Materials
C2-ceramide was purchased from Sigma. Co (St Louis
Mo, USA); mouse monoclonal anti-p21, anti-cyclinD1,
www.wjgnet.com
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anti-CDK7, anti-p-ERK and anti-c-myc were purchased
from Santa Cruz Biotechnology, Inc (CA, USA); antibody
of PE-E-cadherin was purchased from DAKO Co.
Horseradish peroxidase-conjugated secondary antibodies
were purchased from Jackson Immuno-Research
Laboratories, Inc (West Grove, PA, USA). Lipofectamine
and lipofectin reagents were from Gibco, Inc. RNaseA,
MTT, propiudium iodide and other chemicals were all
from Sigma.
Cell culture
Bel7402 cells were provided by the Institute of Zoology,
Chinese Academy of Sciences, China. Cells were
maintained in Dulbecco’s minimal essential medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
in a humidified atmosphere of 95% air/5% CO2 at 37℃.
A subculture of cells was processed by enzymatic digestion
(trypsin/EDTA solution: 0.25/0.02%). C2-ceramide
dissolved in ethanol was used without filtration. The final
concentration of ethanol in culture medium was < 0.3%.
MTT assay
Bel7402 cells were seeded onto 96-well plates at a
concentration of 2.5 × 103 cells/well in DMEM plus 5%
FBS. The stock of C2-ceramide was diluted with medium,
and then added to wells for desired final concentrations.
After exposure to C2-ceramide for the desired time,
10 μ L of 5 mg/mL MTT was added to each well and
incubated for 4 h, and the liquid in wells was evaporated.
To dissolve the formazam, 100 μL of DMSO was added.
The absorbance was determined with a microplate reader
model 550 at the wavelength of 570 nm.
Cell cycle analysis
The proportions of cells in G0-G1, S, and G2-M were
determined by flow cytometric analysis of DNA content.
Briefly, cells were obtained by trypsinization following
treatment with C2-ceramide, and then washed twice
with PBS. Cells were then incubated with RNase at a
concentration of 0.25 mg/mL at 37℃ for 1 h following
incubation with PI (50 μg/mL in PBS) for 30 min at 4℃
in the dark. Before flow cytometry, samples were syringed
through a 25-gauge needle to prevent nuclear clumping.
PI was excited at 488 nm, and fluorescence was analyzed
at 620 nm. All measurements were carried out under the
same instrumental settings.
PE-E-cadherin labeling
Cells were washed once with cold PBS, and centrifuged to
collect the cell pellet (350 g × 5 min) following treatment
with C2-ceramide.The cell pellet was resuspended in cold
PBS (4℃) and PE-E-cadherin and the corresponding
isotype antibodies were added to the cell suspension and
mixed gently. The tube was then incubated for 30-60 min
in the dark at room temperature prior to flow cytometry.
PE-E-cadherin binding was analyzed by flow cytometry
collecting the fluorescence of 10 000 cells using a FACScan
(Becton Dickinson) according to the manufacturer’s
instructions. All experiments were replicated three times.
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Western blot analysis
To determine the expression levels of E-cadherin, p21,
cyclinD1, CDK7 and c-myc, cells were lysed in buffer (150
mmol/L NaCl, 1% NP-40, 0.5% sodium deoxycholate,
0.1% SDS, 50 mmoL/L Tris, pH 8.0, 1 mmoL/L
phenylmethylsulfonyl fluoride (PMSF), and 10 μ g/mL
aprotinin). To determine the level and phosphorylation
state of ERK, cells were har vested in lysis buffer
containing 50 mmol/LTES (N-tris [hydroxymethyl] methyl2-aminoethane sulfonic acid) (pH 7.4), 2 mmol/L EGTA,
1 mmol/L EDTA, 250 mmol/L sucrose, 40 mmol/L
phenylphosphate, 1 mmol/L MgCl2, 2 mmoL/L Na3VO4,
10 mmol/L Na 4 P 2 O 7 , 100 mmol/L NaF, 5 μ g/mL
aprotinin, 1 mmol/L PMSF, 1 μg/mL leupeptin, 5 mmol/L
benzamidine, and 10 mmol/L dithiothreitol. Protein (40-80
μg) was separated by 12%-15% SDS-polyacrylamide gel
in the separation buffer (25 mmol/L Tris, 250 mmol/L
Glycine, 0.1% SDS). Total proteins were transferred onto
a PVDF membrane after electrophoresis. Western blot
analyses using anti-p21, anti-cyclinD1, anti-CDK7, antic-myc, anti-phospho-p42/p44ERK and anti-totalERK
antibodies were performed. As an internal control, mouse
monoclonal anti-β-actin antibody was used.
Transient transfection and luciferase assay for PPARγ
activity
Bel7402 cells were seeded at a concentration of 1 × 105
cells/35 mm dish. After 12 h, the medium was changed
from complete medium to DMEM without antibiotic.
Transfection was done using LipofectAMINE reagent
mixed with 2 μg of acyl-CoA oxidase promoter-luciferase
plasmid pAOXPPREluc and the control pAOXBluc
basic vector (kindly donated by Dr. Osumi) for 8 h.
After the transfection mixture was replaced by a medium
containing 10% FBS, cells were then incubated with or
without different concentrations of ceramide for a desired
time. Luciferase activity was measured according to the
manufacturer’s protocol (Promega).
Statistical analysis
All statistical analyses were performed with SPSS 10.0
statistical package for Microsoft Windows. Data were
expressed as mean ± SE for all measurements. P < 0.05
was considered statistically significant.

RESULTS
Ceramide inhibited proliferation by halting the cell cycle in
Bel7402 cells
Treatment with different concentrations of C2-ceramide
for 24 h exhibited significant inhibition of cell proliferation
of human hepatocarcinoma Bel7402 cells as suggested by
MTT assay. Under concentrations of 0, 5, 10, 15, 30 and
60 μmmo/L, inhibitory rates were 0, 21.5% ± 1.3%,
52.7% ± 0.9%, 69.3% ± 1.2%, 77.2% ± 0.8% and 83.8% ±
1.2%, respectively (Figure 1A). Cytotoxicity was further
indicated by determination of E-cadherin, which is a
marker for many tumor cells with high expression. PEE-cadherin antibodies were stained with cells to determine

Wang J et al . Mechanimsm of ceramide-induced cell cycle arrest

Table 1 Ceramide halted cell cycle in Bel7402 cells (mean ±
SE, n = 3)
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Figure 2 Ceramide up-regulated the expression of p21WAF1/BIP1 and down-regulated
that of cyclinD1. Bel7402 cells were incubated with different concentrations of
ceramide as indicated for 24 h. Cells were harvested, lysed and resolved in 15%
SDS-PAGE. The expression of p21 and cyclinD1 were determined by Western
blot. Actin was used as a control. Data represent the results of three separate
experiments.

C
E-cadherin

Actin
Control

Ceramide

Figure 1 Ceramide inhibited proliferation by halt of cell cycle in Bel7402 cells.
A: ceramide inhibited cell proliferation in Bel7402 cells. Cells were cultured in the
medium with different concentrations of C2-ceramide for 24 h. Cell viability was
analyzed by MTT assay and presented as cell proliferative rates. The results show
the mean ± SE (n = 3-4); B and C: ceramide down-regulated the expression of
E-cadherin. Bel7402 cells were incubated with or without 30 μmmo/L of ceramide
for 24 h. Cells were then harvested and stained with anti-E-cadherin directly
labeled by PE. The protein levels of E-cadherin were determined by flow cytometry.
Data was represented by the mean ± SE of 3 or 4 separate experiments (B).
Bel7402 cells were incubated with or without 30 μmmo/L of ceramide for 24 h.
Cells were then harvested, lysed and resolved in 12% SDS-PAGE. The expression
of E-cadherin was determined by Western blot. Actin was used as a control. Data
represent the results of three separate experiments (C).

the expression of E-cadherin on the cell surface. Flow
cytometry analysis results indicated that E-cadherin was
significantly down-regulated by C2-ceramide (Figure 1B),
which was also suggested by blot assay (Figure 1C). To test
whether the cytotoxicity was derived from the effect on the
cell cycle, flow cytometry analysis was applied following
treatment with different concentrations of C2-ceramide
at 0, 5, 15, 30 and 60 μmol/L. As shown in Table 1, the
cell cycle was halted in the G1 phase, and the percentage
of cells in the G1 phase was 35.3% ± 0.7%, 36.8% ±
1.2%, 43.9% ± 1.2%, 57.2% ± 0.6% and 76.2% ± 1.3%,
respectively.
Ceramide up-regulated the expression of p21WAF1/BIP1 and
down-regulated that of cyclinD1
In order to elucidate whether molecules were involved
in the G1/S transition following C2-ceramide treatment,

cell extracts were prepared from Bel7402 cells treated
with different concentrations of C2-ceramide. Protein
expression was indicated by blot using anti-p21 and anticyclinD1 antibodies, respectively. As shown in Figure 2,
C2-ceramide increased the expression of p21 protein, but
decreased that of cyclinD1 protein.
CDK7 and PPARγ pathways involved in cell cycle arrest
induced by C2-ceramide
In our previous study, we reported that C2-ceramide could
activate PPARγ transcription activity in human colon cancer
HT29 cells[14]. In this study, as shown in Figure 3A, C2ceramide could also markedly activate the transcriptional
activity of PPARγ in hepatocarcinoma Bel7402 cells.
Cyclin-dependent kinase 7 (CDK7) is critical for cell
cycle and transcriptional programs [15] . Therefore, we
investigated the expression of CDK7 by blotting. It was
observed that CDK7 expression decreased following
treatment with 30 μ mmo/L C2-ceramide for 24 h.
However, addition of the PPAR γ specific antagonist
GW9662 markedly reversed the inhibition (Figure 3B).
Ceramide inhibited the activation of ERK1/2 in Bel7402
cells
ERK plays a key role in cell survival in many cells. To
examine whether ceramide inhibited the activation
of ERK, Bel7402 cells were treated with different
concentrations of C2-ceramide and phospho-ERK1/2
was determined. As shown in Figure 4, the expression
of p-ERK decreased significantly with the treatment of
www.wjgnet.com
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Figure 3 CDK7 and PPARγ pathways involved in cell cycle arrest induced by C2ceramide. A: activation of PPARγ transcriptional activity induced by C2-ceramide.
Bel7402 cells were transiently transfected with the PPAR responsive element
(PPRE) reporter construct (pAOXPPREluc) or the promoter-less control vector
pAOXBluc following the treatment of different concentrations of C2-ceramide
as indicated, PPARγ transcriptional activity was measured as described. The
bar represents the relative fold increase of luciferase activity. The results show
means ± SE (n = 3); B: C2-ceramide down-regulated the expression of CDK7,
which was blocked by GW9662. Bel7402 cells were cultured with 30 μmol/L C2ceramide in the presence or absence of GW9662, which was claimed as a specific
PPARγ antagonist for 24 h. Total proteins were extracted and resolved on SDSPAGE followed by Western blot assay using anti-CDK7 antibody. Data represents
the results of three separate experiments.

C2-ceramide, while total ERK protein expression was
unaffected.
To complete the study of the MAPK pathway, c-myc
content was also indicated by blot using anti-c-myc
antibodies. As shown in Figure 4, the modulation pattern
on the expression of c-myc induced by C2-ceramide was
similar to that of p-ERK.

DISCUSSION
Since ceramide was affirmed as an important lipid second
messenger in 1994, the importance of ceramide in cell
metabolism has been broadly investigated. Ceramide has
shown inhibition of cell growth via apoptosis in a variety
of cancers. However, the link between ceramide signaling
and the cell cycle is poorly understood. The present work
demonstrates that C2-ceramide halted the distribution of
cell cycles in G1 phase, and the mechanisms involved were
explored.
As displayed in Table 1, C2-ceramide induced cell
cycle arrest in the G1 phase. Accordingly, down-regulation
of E-cadherin, a marker for many tumor cells with high
expression, suggested that C2-ceramide inhibited cancer
cell growth (Figure 1B).
In order to elucidate the mechanisms involved in cell
www.wjgnet.com

CA-5

CA-30

μmol/L

Figure 4 Ceramide inhibited activation of ERK pathway in Bel7402. Bel7402
cells were incubated with different concentrations of ceramide as indicated. Total
proteins were extracted and resolved on SDS-PAGE. Phospho-ERK1/2 and c-myc
were normalized to total Erk1/2 and internal standard actin was determined by
Western blot. Data represents the results of three separate experiments.

cycle arrest following treatment with C2-ceramide in
Bel7402 cells, we firstly investigated whether the cell cycle
control genes; i.e., cyclin D1 and the cyclin-dependent
kinase inhibitor p21, are involved in ceramide-mediated
cell cycle regulation in Bel7402 cells.
Cell cycle progression is regulated by interactions
between cyclins and cyclin-dependent kinases, which are
modulated by a family of negative cell cycle regulators;
i.e., cyclin-dependent kinase inhibitors, which are especially
involved in controlling the transition from G1 to S-phase[16,17].
The latter includes two families, the CIP/KIP family and
the INK4 family. p21 is a member of the CIP/KIP family
and plays a crucial role in growth arrest by a variety of
mechanisms[18]. Consistent with this idea, we showed that
C2-ceramide up-regulated the expression of p21 protein
concomitant with inhibition of cyclin D1 protein (Figure 2).
PPAR γ is clearly involved in lipid metabolism and
is essential for cell differentiation [19,20]. Activation of
PPAR γ by its ligands can induce growth inhibition
and cytotoxicity in human prostate cancer cells, colon
cancer cells and liposarcoma cells, and their biological
activities are attributed to inhibition of proliferation and
induction of apoptosis by PPARγ[21,22]. We have previously
shown C2-ceramide could induce apoptosis via a PPARγ
dependent pathway in human colon cancer HT29 cells[14].
To examine whether the PPARγ pathway was involved in
the modulation of cell cycle arrest induced by ceramide
in human hepatocarcinoma Bel7402 cells, the luciferase
reporter of PPRE3x-tk-luc was transfected and luciferase
activity was assayed. The result shown in Figure 3A
suggested that ceramide activated the transcriptional
activity of PPARγ in a dose-dependent manner.
CDK7 distributes normally throughout the nucleus
and cytoplasm, and in the nucleus, it attaches to a DNA
template with other TFⅡH subunits initiating gene
transcription[23], which is very important in modulating
cell proliferation. Participating in basal transcription by
phosphorylating the carboxy-terminal domain of the
largest subunit of RNA polymerase Ⅱ, CDK7 is critical
for the cell cycle and transcriptional programmes, which
also phosphorylate other CDKs as an essential step for
their activation[24,25]. Often, phosphorylation of NRs by
kinases that are associated with general transcription
factors (e.g. CDK7 within TFⅡH), or activated in
response to a variety of signals (MAPKs, Akt, PKA, PKC),
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facilitates the recruitment of coactivators or components
of the transcription machinery and, therefore, cooperates
with the ligand to enhance transcription activation.
Though there is much to be explored, data have shown
that C2-ceramide inhibited cell proliferation through
attenuation of CDK7 (Figure 3B). However, GW9662,
which is a PPAR γ specific antagonist, could markedly
block this action. These data suggested that CDK7 was
related to PPARγ, which was consistent with the opinion
described above.
ERK signaling plays a key role in cell survival, and
Erk1/2 are proteins belonging to the MAPK pathway,
whose members are active when phosphor ylated.
Consequently, dephosphorylation of these proteins
inhibits their activity and the transcription factor c-myc.
The increase of PP2A, which is a serine/threonine
phosphatase causing dephosphorylation of MAPKs[26], is
one of the causes of Erk1/2 dephosphorylation. Indeed,
the ERK1/2 pathway, that regulates cellular growth and
proliferation, has been shown to be pro [27-30] or antiapoptotic[31-33], depending on experimental conditions and/
or cell types. To examine whether C2-ceramide can inhibit
activation of ERK, phospho-ERK was determined. It was
found that phospho-ERK decreased with the treatment
of C2-ceramide in Bel7402 cells, however, the expression
level of total ERK protein was unaffected. Accordingly,
the protein expression of c-myc also decreased (Figure 4).
In summary, with consideration that there is much to
be explored, it was concluded that C2-ceramide plays an
important role in the inhibition of cell growth in Bel7402
cells. Our results showed that there is p21 accumulation
in accordance with decreased cyclinD1, inactivation
of the ERK pathway, downregulation of CDK7 and
stimulation of PPARγ transcriptional activity. As such,
our results support the hypothesis that suppression of
hepatocarcinoma cell growth through cell cycle arrest
induced by C2-ceramide may be mediated via accumulation
of p21 and reduction of cyclinD1 and CDK7, at least
partly, through PPAR γ activation. The ERK signaling
pathway was involved in this process.
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Abstract
Pancreatic tumors are primary in most of the cases.
Pancreatic metastases associated with other primary
malignancies, especially pancreatic metastasis of
l e i o myo s a rc o m a , a re u n c o m m o n . A 6 6 -ye a r- o l d
woman underwent surgical resection of malignant
mesenchymoma (70% osteosarcoma and 30%
leiomyosarcoma) in the right thigh. In the postoperative
period, a pancreatic mass was identified radiologically
by abdominal computed tomography. Pylorus-preserving
pancreaticoduodenectomy was performed. The surgical
specimen revealed leiomyosarcoma metastasized to the
pancreas. A metastatic nodule on the remnant pancreatic
tail was discovered 9 mo after the first pancreatic
resection, and distal pancreatectomy was performed.
Cases of pancreatic metastasis from leiomyosarcoma
are extremely rare, especially when the tumor was
resectable. We report here a unique case of pancreatic
metastasis from a leiomyosarcoma in the right thigh that
had been treated surgically.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The occurrence of metastatic lesions in the pancreas is
very uncommon. The incidence of metastatic pancreatic

tumors is 1.6%-11% at autopsy [1,2] . The majority of
patients with pancreatic metastasis have widespread
diseases. Isolated, potentially resectable pancreatic
metastasis is detected infrequently. Therefore, resection of
metastatic tumors of the pancreas has been occasionally
reported, and its role in improving the survival or quality
of life is not clearly defined[3,4]. However, some recent
studies have reported that surgical resection can be
performed in selected patients with isolated pancreatic
metastases, achieving long-ter m sur vival and good
palliation[1,5]. We report here a case of pancreatic metastatic
from leiomyosarcoma of the right anterior thigh, which
was treated by surgical resection, and review the literature
about pancreatic metastasis.

CASE REPORT
A 66-year-old woman was referred to our hospital with
a mass in the right thigh (Figure 1). In September 2005,
she had undergone surgical resection for this mass.
Malignant mesenchymoma (70% osteosarcoma and 30%
leiomyosarcoma) was diagnosed histologically. In the
postoperative period, abdominal computed tomography
(CT) identified a pancreatic mass. The patient complained
of non-specific abdominal discomfort. Laboratory
findings were all within normal limits. The levels of
the tumor markers including carcinoembryonic agent
and carbohydrate antigen 19-9, were within the normal
ranges. Abdominal CT revealed a mass at the head of the
pancreas. Magnetic resonance imaging of the abdomen
showed a low-intensity mass on T1-weighted images and
a non-homogeneous high-intensity mass on T2-weighted
images. No evidence of other distant metastases was
seen (Figure 1). At laparotomy, a fixed mass of 4 cm or
so in length was palpated at the head of the pancreas,
displacing the surrounding duodenum. Therefore, pyloruspreserving pancreaticoduodenectomy was performed.
Macroscopic examination of the operative specimen
showed a 4 cm × 3 cm lobulated solid mass with a thin
wall. Microscopic examination revealed a malignant
neoplasm with predominance of spindle cells. The tumor cells were immunoreactive for desmin. Metastatic
leiomyosarcoma was diagnosed histologically (Figure 2).
The postoperative course was uneventful. We recommended systemic chemotherapy to the patient, but she declined.
Nine months after the first pancreatic resection, a followup abdominal CT showed development of a new 1-cm
mass in the remnant tail of the pancreas (Figure 1). Distal
www.wjgnet.com
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pancreatectomy was performed. The tumor showed the
same microscopic findings, and leiomyosarcoma was also
diagnosed histologically.

DISCUSSION
Metastatic lesions in the pancreas are uncommon. Adsay
et al[1] reviewed pathological specimens from 4955 adult
autopsy cases in an attempt to identify tumors that had
metastasized to the pancreas. There were only 81 (1.6%)
www.wjgnet.com
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Figure 1 Radiological findings.
A: Gadolinium-enhanced T1
weighted image showing a soft
tissue tumor in the muscle of
the anterior thigh; B: Contrastenhanced abdominal CT scan
showing a heterogeneously
enhanced mass at the head of
the pancreas; C: Gadoliniumenhanced T1 weighted image
showing a well-enhanced mass
with necrotic foci at the head of
the pancreas; D: Follow-up CT
obtained after 10 mo showing a
low attenuated mass in the tail of
the pancreas.

a

C

Volume 13

Figure 2 Gross and microscopic
findings for metastatic leiomyosarcoma. A: The section reveals
a whitish solid tumor with a
lobulated pattern and a yellowish
necrotic portion, abutting
duodenal wall on the left side,
and compressed pancreatic
head tissue on the right side;
B: Low-power view displaying
eosinophilic intersecting
fascicles circumscribed by a
fibrous capsule (a) and adjacent
normal pancreatic tissue (b)
(hematoxylin and eosin stain ×
40); C: Cellular proliferation of
atypical spindle tumor cells is
accompanied by nuclear atypia
and hyperchromasia (hematoxylin
and eosin stain × 200); D: Tumor
cells show immunoreactivity for
desmin.

cases of metastatic tumors, the majority of which were
of epithelial origin, and the most common sites of the
primary lesions were the lung, kidney, and gastrointestinal
tract. However, a few cases of leiomyosarcoma with
metastases to the pancreas have been reported. Primary
sites of leiomyosarcomas included the uterus[6,7], ovary[8],
veins[9], spermatic cord[10], intestine[3,10], retroperitoneum[2,11],
and soft tissue [11,12] . To the best of our knowledge,
including the present case, only 16 cases of pancreatic
metastasis from leiomyosarcoma have been reported to

Koh YS et al. Pancreatic metastasis of leiomyosarcoma

date in the English language literature[7,8,12].
The differential diagnosis between a solitary metastatic
tumor and primary pancreatic carcinoma may be very
difficult as signs and symptoms are similar for both
primary and secondary tumors, and radiological imaging
is unable to differentiate primar y from secondar y
pancreatic lesions[13]. In our case, non-specific abdominal
pain appeared to be the most common symptom.
The symptoms of pancreatic metastases often include
pain, weight loss, obstructive jaundice, and duodenal
obstruction, which are very similar to the symptoms of
primary pancreatic cancer[1,3,9]. Therefore, pre-operative
diagnosis is challenging, and considerable caution is needed
for patients with a previous history of non-pancreatic
neoplastic disease. The pre-operative diagnosis of our
case was primarily a non-functioning islet cell tumor of
pancreas, although the patient had previously undergone
surgical treatment for mesenchymoma of the left leg.
Various diagnostic tools have been used to assess tumors.
In recent years, 18-FDG-PET has proven to be useful for
the accurate staging of tumors[3]. Percutaneous fine-needle
aspiration (FNA) is found helpful in establishing the
correct preoperative diagnosis, especially in patients who
are not amenable to surgery, and in assisting in decisions
related to the possibility and type of chemotherapy [3].
However, with the exception of postoperative histology,
there is no definitive method for unambiguous diagnosis.
Metastatic tumors of the pancreas are usually diagnosed
at an advanced stage, and solitary resectable metastasis
occurs less frequently. Therefore, metastatic tumors of the
pancreas are rarely treated surgically. Sperti et al[3] reported
that 8/259 (3%) pancreatic resections were performed for
pancreatic metastases. Therefore, our patient represents a
very unusual case.
Only a few cases of pancreatic metastasis from
sarcomas have been reported. Experience is limited, and
the effectiveness of surgery for these types of lesions has
not been clearly established. However, long-term survival
may be conferred by ‘‘curative’’ resection for pancreatic
metastasis from visceral or soft tissue sarcoma[3,7,9,14]. It is
clear that surgical excision has the potential to improve
prognosis if the primary site and other metastases are
well-controlled. In the present unique case, pancreatic
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metastasis from leiomyosarcoma was diagnosed, and the
patient underwent pancreatectomy twice in 10 mo. An
attempt at complete tumor resection can offer patients the
best hope of prolonged survival.
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Abstract
It has been accepted that bone marrow transplantation
(BMT) is the only curative therapeutic option for certain
hematologic malignancies. The southeast Asia region
is an endemic area of hepatitis B virus (HBV) infection;
thus, BMT using a hepatitis B surface antigen (HBsAg)positive donor is occasionally unavoidable. Organ
transplantation using a HBsAg-positive donor can lead
to post-transplantation de novo HBV infection and
severe HBV-related hepatitis if no effective prophylactic
measures are taken prior to and after transplantation.
In this report, a four-level approach was designed for a
patient with chronic myeloid leukemia, beginning with a
booster HBV vaccination before performing BMT with a
HBsAg-positive donor. Prior to BMT, the HBV viral load
of the donor was reduced to an undetectable level by
antiviral therapy. After BMT, hepatitis B immunoglobulin
was administered intramuscularly for 1 wk together with
a long-term antiviral drug, lamivudine. One year after
discontinuation of lamivudine, the patient is still free of
HBV infection.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Certain hematologic malignancies can only be cured by
www.wjgnet.com

bone marrow transplantation (BMT). In the southeast
Asian region, hepatitis B virus (HBV) infection is highly
prevalent. BMT from donors exhibiting the hepatitis
B surface antigen (HBsAg) is therefore occasionally
unavoidable. Intensive chemotherapeutic drugs used
in a conditioning regimen and post-transplantion
immunosuppressive drugs are required to suppress host
immunity and to prevent graft versus host disease (GVHD).
Using grafts with HBsAg-positive hematopoietic stem cells
is associated with severe liver injury and a high mortality
rate[1-3]. In this report, we present a long-term follow-up
study of a seronegative patient who underwent BMT with
a HBsAg-positive donor in which a four-level approach for
the prevention of HBV infection was utilized.

CASE REPORT
A thirty-seven year old man, a known case of chronic
myeloid leukemia with positive Philadelphia chromosome
in chronic phase, was previously treated with hydroxyurea.
The patient planned to receive BMT from his sole
HLA-identical sibling, his sister, who had been a known
hepatitis B carrier. She was anti-HBe positive and had
an HBV viral load of 5260 copies/ml, as indicated by
the Amplicor HBV Monitor Test (Roche Diagnostics,
NJ, USA). Lamivudine (100 mg/d) was initiated to
suppress HBV DNA; and 3 mo later, her HBV viral
load became undetectable. His antibody to HBsAg (antiHBs) was firstly positive at a level of 10.3 mIU/ml. A
booster dose of hepatitis B vaccine was given to him, and
the subsequent anti-HBs level rose to 83 mIU/ml. A
conditioning regimen for BMT containing busulfan (16
mg/kg) and cyclophosphamide (120 mg/kg) was started
before the initiation of BMT. GVHD was prevented
using methotrexate and tacrolimus. Lamivudine (100
mg/d) was initiated 7 d prior to BMT and was continued
thereafter. From the day of BMT to the 7th d post-BMT,
hepatitis B immunoglobulin (HBIg) 800 IU was injected
intramuscularly daily in order to maintain the anti-HBs
level > 1000 IU/L. From the 7th d post-BMT, the antiHBs level was persistently over 1000 IU/L without HBIG
administration. One month after BMT, while on tacrolimus
for GVHD suppression and lamivudine for HBV
prophylaxis, the patient’s blood test results were as follows:
HBsAg negative, anti-HBs positive (at 400 mIU/ml), antiHBc positive, HBV viral load < 200 copies per ml and
HBV PCR positive. HBV PCR became negative by 6 mo
after BMT. The patient had only grade I acute GVHD and
limited chronic GVHD. Tacrolimus was gradually tapered
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off and then discontinued at the 15th mo post-BMT, and
lamivudine was stopped 3 mo later. Two and a half years
after BMT or 1 year after discontinuation of lamivudine,
the patient felt well, and his blood tests indicated that he
was HBsAg negative, anti-HBc positive, anti-HBs positive
(at 14 mIU/ml) and HBV PCR negative.

DISCUSSION
The Asia-Pacific region is an endemic area of HBV
infection, with a prevalence of more than 8% [4]. Most
transplantation centers have regarded HBV infection as
a relative contraindication for organ transplantation [5,6].
BMT with HBsAg-positive donors has been reported
to be associated with an increased incidence of HBVrelated hepatitis, severe liver-related complications, fatal
liver failure and death[1,2,6-11]. However, a few reports show
that HBsAg might be present transiently in some patients
after receiving bone marrow graft from HBsAg-positive
donors[1,2]. High HBV viral load in BMT donors and the
absence of anti-HBs in BMT patients are two important
risk factors predisposing a patient to the development
of HBV-related hepatitis post-BMT [1,2]. Oral antiviral
drugs are suitable to decrease the HBV viral load of the
HBsAg-positive BMT donor. Lamivudine seems to be an
appropriate antiviral drug in this situation because it causes
rapid viral load reduction and because HBV resistance
rarely occurs in a short period of lamivudine treatment[12].
Before BMT, the anti-HBs level in the present case report
was increased to 83 mIU/mL by a booster dose of HBV
vaccination. In general, the persistence of anti-HBV
activity after BMT may be caused by residual recipient
lymphocytes that have survived intensive conditioning
regimens[3]. We decided to administer HBIg intramuscular
injection from d 0 to d 8 post-BMT because the residual
number of patient lymphocytes was uncertain. Anti-HBs
level monitoring during the early post-BMT period showed
that anti-HBs levels were over 1000 mIU/ml, resulting
in the decision to discontinue HBIg 7 d post-BMT. HBIg
was injected intramuscularly according to the protocol
employed in HBV-related liver transplantation [13]. The
mechanisms by which HBIg prevents graft re-infection are
not completely understood. They may decrease the spread
of HBV infection by neutralizing circulating viral particles
and by inducing lyses of infected cells through pathways
such as antibody-dependent cellular cytotoxicity [13] .
Combination therapy of HBIg and lamivudine offers
synergistic protection against HBV infection and appears
to be more effective than a single agent for prophylaxis
after HBV-related liver transplantation[13]. A recent study
proposed a three-level approach when hematopoietic
stem cell transplantation (HSCT) was performed with a
HBV-positive donor[6]. The three-level approach consisted
of a pre-HSCT reduction of HBV viral replication in
donors by lamivudine, a pre-HSCT enhancement of the
recipient’s anti-HBV immunity by HBV vaccination, and
finally, a post-HSCT suppression of HBV viral replication
in recipients with lamivudine [6]. In that paper, patients
received lamivudine for 52 wk after HSCT; however, our
patient received lamivudine for 72 wk, and treatment with
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this drug was stopped 12 wk after the discontinuation of
tacrolimus. A flare of HBV infection and severe hepatitis
was reported if antiviral drug was withdrawn in patients
with immunosuppressive status or upon completion of
chemotherapy[14]. Continuing lamivudine for at least 3 mo
after completion of chemotherapy or immunosuppressive
dr ugs has been recommended by a recent practice
guideline[15]. The HBV viral load, as determined by the
Amplicor HBV monitor test used in this report, is far
more sensitive than the Digene Hybrid Capture assay used
in a previous report[6,16]. De novo HBV infection might
appear in the long-term follow-up of antiviral-prophylactic
BMT patients with HBV-positive donors whose viral load
was determined to be negative using a low sensitivity assay.
An additional benefit of post-transplantion HBIg may
be anticipated in hematopoietic stem cell transplantation.
Recently, HBIg and lamivudine treatment during BMT in a
child who received BMT from her HBsAg-positive mother
has been reported[17]. The child received lamivudine only
1 d before BMT and continued the drug for 102 d. The
details of HBV viral load and HBV PCR, however, were
not mentioned in that paper [17]. The authors suggested
that HBIg and lamivudine combination may be useful
during the early period of BMT [17] . Intramuscular
injection of HBIg sometimes requires the correction of
thrombocytopenia or changing the route of administration
from intramuscular to intravenous injection. Due to the
large dosage of intravenous HBIg and its high cost, it
may not be affordable for all patients. Our strategies for
using BMT from HBsAg-positive donors will require
multicenter studies with a large number of patients and a
longer follow-up before this costly, four-level prophylactic
approach can be put into practice.
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Abstract
Lipoma within an inverted Meckel’s diverticulum presenting with hemorrhage and partial intestinal obstruction
is an exceptional clinical entity. We report a case of
47-year-old male with a history of recurrent episodes
of partial intestinal obstruction and melena due to a
subserosal lipoma located in the base of an inverted
Meckel’s diverticulum. According to our knowledge, this
is the first case of a lipoma within a Meckel’s diverticulum
giving rise to this clinical scenario without the existence
of heterotrophic gastric or pancreatic tissues.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Tumor of Meckel’s diverticulum occurs infrequently.

Moreover, the association of a lipoma within the inverted
Meckel’s diverticulum as a leading point of bleeding and
recurrent episodes of partial intestinal obstruction is such
an unusual circumstance that might be considered quite
impossible.
Meckel’s diverticulum is the most prevalent congenital
anomaly of the gastrointestinal tract, which is reported to
occur in 1%-3% of the general population and autopsy
series [1,2]. However, the lifetime risk of complication
development in patients with Meckel’s diverticulum was
proposed to be less than 5% in recent investigations[3].
These complications included intestinal obstruction,
intussusceptions, inflammation and bleeding.
Lipomas are the rare benign tumors of the small
intestine with no malignant potential and mostly
encountered incidentally during investigation of the
gastrointestinal tract for another reason, since they
are usually asymptomatic [4]. As small intestinal lipoma
is relatively infrequent, it is even a rarer source of
gastrointestinal bleeding.
We present a case of a 47-year-old man with fatigue,
chronic abdominal pain and tarry stool due to an inverted
Meckel's diverticulum with a subserosal lipoma. This is a
special case that has not appeared in literature over the past
4 decades. Although the incidence of Meckel’s diverticulum
is high, inversion is a scarsely diagnosed entity and the
association of a lipoma within the inverted Meckel’s
diverticulum as a leading point of lower gastrointestinal
hemorrhage without the existence of heterotopic gastric
and pancreatic tissues and recurrent partial intestinal
obstruction is an exceptional case.

CASE REPORT
A 47-year-old man was admitted to our clinic with fatigue,
recurrent episodes of constipation and abdominal pain.
Melena was mentioned on admission. He denied vomiting,
fever, or chills. He had had symptoms intermittently
for about 4 mo, leading to several hospital visits. Over
the previous 2 mo, the episodes of pain became more
pronounced with radiation to his back. The patient was
not using any specific medication and his medical history
did not suggest a major disease. Physical examination
revealed a temperature of 37℃, a pulse rate of 90 beats
per minute (bpm), a blood pressure of 110/70 mmHg,
and a respiration rate of 18 breaths per minute. The
www.wjgnet.com
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Figure 1 Contrast enhanced CT shows a hypodens, regular contoured, polypoid,
4 cm × 2 cm mass lesion with fatty density.

Figure 3 Microscopic appearance of a subserosal lipoma within the inverted
Meckel’s diverticulum (HE).

Figure 2 A pedinculated mass lesion within the inverted Meckel’s diverticulum.

small bowel lipoma. At surgery, an inverted Meckel’s
diverticulum induced by a pedinculated subserosal
lipomatous solid mass nearly obstructing the lumen with
ulcer and hemorrhage was found 40 cm from the ileocecal
valve (Figure 2). Segmental resection of the ileal loop
harboring the lesion was carried out and an end-to-end
ileo-ileal anastomosis was performed. The lipoma within
the inverted Meckel’s diverticulum as a leading point of
obstruction and bleeding was 5 cm long and 3 cm in
diameter. Pathologic evaluation of the specimen confirmed
the diagnosis of a subserosal lipoma within the inverted
Meckel’s diverticulum and revealed neither heterotrophic
gastric and pancreatic tissue nor signs of malignancy (Figure
3). Five days after intervention, the patient was discharged
from the hospital without any complication.

DISCUSSION
patient was pale-looking without abdominal tenderness,
guarding or rebound and norm active bowel sounds were
auscultated. Examination of heart and lungs revealed
no abnormal findings. Rectal examination revealed tarry
fecal content. Clear gastric content was obtained on
nasogastric aspiration. The initial laboratory workup was
as follows: hematocrit, 33%; hemoglobin, 11.2 g/dL;
white blood cells, 10 500/mm3 with a normal differential
count; platelets, 195 000/mm3; blood glucose, 87 mg/dL;
blood urea, 25 mg/dL; creatinine, 0.8 mg/dL; SGOT, 32
IU/L; SGPT,25 IU/L; LDH, 54 IU/L; total bilirubin, 0.4
mg/dL; direct bilirubin, 0.2 mg/dL; and Na+, 138 meq/L;
andK+, 3.7meq/L. Fecal occult blood test was positive. A
gastrointestinal cause was sought in order to explain the
patient’s hemorrhage. He had received upper and lower
gastrointestinal tract endoscopic examinations without
identification of a specific bleeding etiology except a little
amount of blood residue in terminal ileum. A computed
tomography (CT) scan of the abdomen and pelvis
revealed mildly dilated loops of proximal small bowel and
a polypoid, 4 cm × 2 cm mass lesion with fatty density
localized in the left lower quadrant and a suspicious filling
defect in cecum (Figure 1). A pedinculated lipoma was
assumed to be the underlying cause of recurrent partial
intestinal obstruction and bleeding. He was taken to
the operating room with the diagnosis of symptomatic

www.wjgnet.com

The omphalomesenteric duct connects the mid gut
and yolk sac in seven weeks of gestation and during
the eighth week, it normally undergoes obliteration [5].
Under circumstances of failure or incomplete vitelline
duct obliteration, a spectrum of abnormalities appears,
the most common of which is Meckel’s diverticulum.
Omphalomesenteric fistula, enterocysts or a fibrous band
connecting the small intestine to the umbilicus are the
other pathologies that can be encountered. As the location
of the Meckel’s diverticulum varies among individuals, they
are usually detected in the antimesenteric side of the ileum
within 100 cm of ileocecal valve. Meckel’s diverticulum
possesses various complication risks including intestinal
obstruction, intussusception, inflammation and bleeding.
Inversion of a Meckel’s diverticula is a scarse entity with
a potential of intestinal obstruction due to direct luminal
obliteration or causing a lead point for intussusception[6-8].
The pathophysiology of the disease process leads to a
complicated and confusing clinical picture of recurrent
obstructive symptoms, chronic abdominal pain and
lower gastrointestinal bleeding that may cause a delay in
diagnosis and waste time. In our case, we have detected
a lipoma as a leading point of inversion which causes
partial obstr uction and bleeding. Recurrent partial
obstructive periods and abdominal pain of our patient
might be attributed to luminal obstruction due to inversion

Cakmak GK et al. Lipoma within an inverted Meckel’s diverticulum

of Meckel’s diverticulum which might be induced by
lipomatous development. An other possible mechanism
f o r th i s s ym p to m a t o l o g y m i g h t b e t h e p r o b a b l e
intussusseptions according to the inverted diverticulum,
which has been reported as a lead point previously[6,7].
Intestinal obstruction due to intussusception as a result
of a lipoma within Meckel’s diverticulum has only been
reported twice in literature[9,10]. Primary pathophysiologic
process responsible for bleeding in Meckel’s diverticulum
is the ileal mucosal ulceration due to the existence of
heterotrophic gastric or pancreatic tissues which has not
been verified in our patient; instead a subserosal lipoma
has been demonstrated with ulceration and hemorrhage.
Lipomas of the small intestine are the second most
common benign tumors next to leiomyomas [11]. Their
location and the peak age vary, however approximately
50% were found in the ileum, and the sixth to seventh
decades of life were considered to be the most risky
period[4,11]. In general, lipomas are defined to originate in
the submucosal layer and are usually solitary, with variable
sizes ranging from 1 cm to 30 cm[12]. They usually appear
as a sessile protrusion into the lumen of the intestine.
Due to motor activity of underlying muscularis propria,
they tend to extrude into the bowel wall or through the
luminal area progressively, which might be the responsible
reason for the inversion of the Meckel’s diverticulum
in our case. In this manner, a pseudopedicle is formed,
providing a polypoid appearance to the lesion. Although
the majority of these lesions are asymptomatic and
detected incidentally during the routine examinations or
in surgical specimen removed for various other reasons,
on rare occasions they might present with symptoms
depending on their size and location. Lipomas smaller
than 1 cm are generally incapable of producing symptoms,
however 75% of lipomas with a size > 4 cm might give
rise to gastrointestinal symptoms. Intestinal obstruction is
one of the major result due to the occlusion of lumen by
a large protruding lesion. Hemorrhage which is an other
possible consequence might be based on an ulceration of
the overlying mucosa caused by direct pressure from the
lipoma or due to intussusception per se[4,12]. Preoperative
diagnosis of small intestinal lipomas can be established
by means of endoscopic and radiologic evaluation.
Radiolucency and the so-called “squeeze sign” implying
an altered configuration during peristalsis are suggestive
findings observed in small intestinal series. Detection of
fatty tissue density within the mass on CT scans supports
the diagnosis. The “naked fat sign” which can be defined
as the protrusion of fat through mucosal disruption
following multiple biopsy sampling of the submucosal
mass during endoscopic examination is believed to be
pathognomonic[4,11].
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Although more common in children, the complications
of Meckel’s diverticulum have also been described in
adults. Gastrointestinal bleeding and intestinal obstruction
are the two most common clinical problems associated
with Meckel’s diverticulum. Tumor within a Meckel’s
diverticulum is a scarce clinical entity with a reported
incidence of only 2%[13]. Intestinal obstruction caused by a
lipoma within the Meckel’s diverticulum is so uncommon
that we could only find three cases in the literature, two
of which were due to intussusception[9,10], and one case
of direct lumen occlusion by a large protruding lesion[14].
Moreover, the association of gastrointestinal hemorrhage
and recurrent episodes of partial intestinal obstruction
caused by a subserosal lipoma within an inverted Meckel’s
diverticulum without the existence of heterotrophic gastric
or pancreatic tissue is an exceptional case, which has not
been reported over the last 40 years in literature.
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Abstract
In re c e n t ye a r s , g re a t p ro g re s s h a s b e e n m a d e
regarding the treatment of inflammatory bowel disease
(IBD), particularly in the field of biological therapies.
Nevertheless, the ultimate treatment is not in sight.
With the development of new medication, it has become
clear that we need a new understanding of IBD. Therapy
needs to fit the different subtypes of IBD; e.g. mild
disease in comparison to severe chronic active disease
or Crohn's disease with or without fistulation or stenosis.
The following article gives a practical overview of
actual treatments for IBD. The intention of this article
is not to provide a complete review of all new scientific
developments, but to give a practical guideline for
therapy of IBD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Crohn’s disease and ulcerative colitis are both defined
as inflammatory bowel diseases (IBD), characterized by
a chronic inflammation of the gut mucosa. The clinical
course of both diseases can differ from a mild form, in
which the patient reaches long-term remission without
taking permanent medication, to a chronic active form,

in which remission is only reached by permanently taking
immunosuppressives and/or biologics or by taking them
for a long period of time. Patients are not only burdened
by the most common symptoms of IBDs; e.g. diarrhea,
bowel pain, fever and complications such as fistulation,
stenosis and abscesses in Crohn's disease and megacolon
in ulcerative colitis, but are also burdened by the sideeffects of the therapeutics, which the patients take to
achieve a normal quality of life. Therefore, it is a great
responsibility for a physician to consider treatment for an
individual patient.
Recent discussions in the field of IBD are concerned
with recommendations for a step-down or step-up therapy.
A step-down therapy means using the most effective
biologic or immunosuppressive treatment on the market,
even without prior use of therapeutics such as steroids, in
order to reach an effective remission as soon as possible.
A step-up therapy means using a “classical” treatment by,
for example, starting with aminosalicylates and ending up
with an immunosuppressive and/or biological. Even if
using a common step-up therapy treatment, the decision
about which drug to use should be based on the individual
patient, considering the clinical course and diagnosed
complications according to current treatment guidelines.
This article provides a short overview of IBD and
practical guidelines for the actual treatment of IBD
(Figures 1 and 2). It is recognized that there is still an
urgent medical need for improvement in the treatment
in IBD and that treatments may not be sufficient for
all patients, although great progress has been made in
therapeutic approaches in the last decades (especially
regarding biological therapeutics). The current guidelines
for IBD therapy are distinguished by the course, place
and severity of the clinical disease[1-7]. In Crohn’s disease,
a mild active form, a moderate or severe active form or
a severe chronically active form can be differentiated.
Patients can also be defined as steroid-dependent or
steroid-refractory. The endoscopic and clinical pattern,
the segments of the body that are involved (e.g. only
small colon or small and large colon and/or stomach),
the complications (such as fistulation and/or stenosis) as
well as the duration of the inflammation and the response
(or loss of response) to steroids are taken into account
in the evaluation. In ulcerative colitis, differentiation is
easier because inflammation only involves the large colon,
starting from the rectum to the coecum. Therefore,
treatment is determined by the clinical disease course and
the involved segments of the colon, such as left-sided
disease or pancolitis, as well as the response to steroids
www.wjgnet.com
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Ulcerative colitis
Active disease
5-ASA enema or p.o. (2-4 g/d, 2-3 x/d)
5-ASA suppositories (3 X 500 mg/d)

Pancolitis

Remission
5-ASA (1.5-3 g/d)
or E.coli Nissle

Glucocorticoides (1 mg/kg d p.o.)
in severe cases 100 mg/d i.v.
5-aminosalicylate (3-4 g/d)
+ rectal topical therapy

Left-sided
colitis

5-ASA enema (2-4 g/d, 2-3 x/wk)
5-ASA supp (1 X 500 mg/d)

Therapyrefractory
disease

Azathioprine or 5-ASA,
(postoperative: no therapy)

Parenteral nutrition, i.v. steroids,
cyclosporine A (4 mg/kg, i.v.),
or surgery

Alternative in therapy-refractory disease:
infliximab 5 mg/kg KG i.v.

Figure 1 Short overview of the treatment regime of ulcerative colitis.

Crohn's disease
Mild active disease

5-ASA 3 g/d p.o.

Moderate to severe active
disease

Glucocorticoids 1 mg/kg/d
p.o. or in severe cases i.v.

Steroid-dependent and
steroid refractory disease

Azathioprine (2-3 mg/kg)
or 6-MP (1-1.5 mg/kg) or
MTX 25 mg i.m./wk

Therapy-refractory
disease and/or fistulizing
disease

Azathioprine (2-3 mg/kg)
and infliximab (5 mg/kg)

Additional nutrional supplemental therapy

Figure 2 Short overview of treatment regimen in Crohn´s disease.

(steroid-dependent or steroid-refractory). In the following
paragraphs the treatment of IBD will be discussed
according to use of different therapeutic drugs.
5-Aminosalicylates (5-ASA)
5-ASA are bowel-specific drugs that are metabolized
in the gut where the predominant actions occur. As a
derivative of salicylic acid, 5-ASA is also an antioxidant
that traps free radicals, which are potentially damaging byproducts of metabolism. In the radical induction theory of
ulcerative colitis, 5-ASA functions as a free radical trap as
well as an anti-inflammatory drug. 5-ASA is considered to
be the active moiety of sulphasalazine, which metabolizes
to it. Oral and/or topical 5-ASA is recommended for
mild to moderate ulcerative colitis to induce and maintain
remission. The dosage of 5-ASA should be no less than
3 g/d. In practice, most patients do not like a topical
treatment, but in left-sided disease, an enema with 4 g
of 5-ASA 2 times per day or suppositories with 500 mg
5-ASA 3 times per day are most effective. Sometimes it is
helpful for the patient to use the enema only in the evening
and the suppositories in the morning. In Crohn’s disease,
aminosalicylates should also be used in initial therapy
for mild disease, although discussion about efficacy has
increased recently. In contrast to ulcerative colitis, the use
of aminosalicylates for the maintenance of remission is not
www.wjgnet.com

recommended for Crohn’s disease because clinical studies
have not shown success in remission maintenance [8,9].
5-ASA is a standard treatment for ulcerative colitis, but not
for Crohn’s disease. In the last few years, new formulations
have been on the market with varying clinical value. In
some special cases; e.g. patients with an ileostoma, a
formulation that sets metabolites free prior to the large
bowel may be helpful. In patients with IBD and arthritis,
sulphasalazine rather than 5-ASA formulations seems to
be more effective regarding arthritis. In most patients, the
side-effects are not very severe with headache as one of
the most common side-effects. However, in some cases
nephritis, pancreatitis and hair loss have been reported,
which suggests regular monitoring of renal and liver
enzymes at least once in three months.
Antibiotics
Antibiotics (e.g. metronidazole) play only a minor role
in the additional treatment of fistulizing disease [10] .
Although metronidazole (for up to 3 mo in a dosage of
400 mg 2 times per day) is often used in post-operative
management after an ileocecal resection or fistula/abscess
operation for Crohn’s disease, this therapy is not based
on study evidence. A side-effect of long-term treatment
with metronidazole is polyneuropathy and monitoring
is, therefore, required. Antibiotics are also used in the
conservative treatment of small abscesses. Understanding
the role of microbiota and antibiotics in IBD may become
important in the future, but currently clinical studies have
not provided support for this concern.
Corticosteroids
In patients with moderate to severe Crohn’s disease or
ulcerative colitis, corticosteroids are effective for the
induction of clinical response and remission[11-16]. Dosages
from 40-60 mg/d or 1 mg/kg per day orally are effective
for the induction of remission. After the induction of
remission, the steroid dose should be tapered (10 mg/wk
until 40 mg; 5 mg/wk until 20 mg, followed by a tapering
of 2.5 mg/wk). In severe disease, the application of
parenteral glucocorticoids as soon as possible is useful for
an anti-inflammatory response. Before the initiation of
steroid treatment, the presence of an abscess should be
excluded. In patients who have been on glucocorticoids
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for more than one month, an ACTH (Adrenocorticotropic
hormone)-Test should be performed before beginning
tapering of the steroid. The ACTH-test can detect
deficient cortisol production in the body. If there is a
deficiency, hydrocortisone should be used as a substitute.
Budesonide
The benefits of glucocorticoid therapy should be carefully balanced against possible side-effects. Budesonide
can reduce typical steroid side effects by a 90% first-pass
metabolism in the liver and erythrocytes. Due to a special structural formulation, budesonide achieves the best
anti-inflammatory effect in ileocecal inflammation [17-20].
Therefore, it is useful in therapy for Crohn’s disease with
ileocecal inflammation only. However, neither budesonide
nor any other glucocorticosteroid should be used for a
maintenance therapy due to the side-effects (e.g. Cushingsyndrome, osteoporosis or cardiomyopathy [21,22] ). All
patients treated with corticosteroids should additionally
receive vitamin D and calcium substitution to avoid bone
loss.
Immunosuppressives
The clinical course of 36% of IBD patients is defined
as steroid-refractory and in 20% as steroid-dependent[23].
Immunomodulators are, therefore, recommended for
the treatment of chronic active IBD. Studies have shown
an efficacy for immunosuppressives that is similar to
azathioprine and its metabolite, 6-mercaptopurine (6-MP;
2-3 mg/kg per day, resp. 1-1.5 mg/kg per day), in the longterm use of chronic active disease. Immunomodulators
have been shown to be efficient for the control of
inflammation and remission maintenance. Only limited
data exists on the efficacy of immunosuppressants in
fistulizing Crohn’s disease and the prevention of postoperative recurrence[24-30]. Evidence-based data is missing
on the post-operative use of azathioprine and many IBD
referral centers are using azathioprine for the prevention
of post-operative recurrence. Prior to an initiation of
treatment with azathioprine or 6-MP, patients should be
thiopurine methyltransferase (TPMT) genotype assessed
in order to detect for a homozygous deficiency in TPMT
in an effort to avert AZA or 6-MP-induced potential
adverse events. All patients on azathioprine or 6-MP
should be monitored weekly in the first month and after
that once a month regarding their white blood count and
liver enzymes because a myelosuppression or an elevation
of liver enzymes subsequent to the use of azathioprine or
6-MP can occur. In such cases, the dosage of azathioprine
or 6-MP should be reduced or paused until lab values are
normal. In patients with gastrointestinal side-effects after
the intake of azathioprine, a change to 6-MP should be
considered.
Methotrexate and cyclosporine
Methotrexate is another immunomodulatory agent that
is used in long-term treatment of IBD. The dosage for
induction of remission in chronic active disease is 25
mg i.m. per week for 16 wk, followed by a maintenance
treatment of 15 mg i.m. per week. In contrast to
azathioprine and 6-MP, the data on use of methotrexate
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is rather scarce [31-33]. Cyclosporine is reserved for the
treatment of severe steroid-refractory ulcerative colitis
only. Intravenous cyclosporine (2-4 mg/kg) was able to
prevent a decidered colectomy in two of three patients
with severe ulcerative colitis. Due to its toxicity, use should
be considered carefully; i.e. it should be used only in very
severe active disease cases to avoid a colectomy. In Crohn’
s disease, cyclosporine has been shown to be effective only
in fistulizing, but not luminal disease[34-37].
Tacrolimus
Only very inadequate data is available for tacrolimus.
Improvement of fistula drainage, but not closure was
demonstrated in a randomized, placebo-controlled trial
with tacrolimus[38,39].
Infliximab
Biological therapies, especially anti-TNF agents, play a
pivotal role in the treatment of chronic active IBD and
fistulizing disease[40-43]. The first anti-TNF agent on the
market, infliximab, is a chimeric IgG1 mouse/human
monoclonal antibody. Randomised, placebo-controlled
trials (ACCENTⅠand Ⅱ) demonstrated the efficacy
of infliximab (5 mg/kg, i.v.) in the induction of clinical
response and remission in patients with active Crohn´
s disease. In fistulizing disease, complete fistula closure
of at least 50% of the fistulas could be seen in 55% of
the patients after three infusions of infliximab at wk 0, 2
and 6 (ACCENT Ⅱ). Given on a regular basis in intervals
of 8-12 wk (5 mg/kg i.v.), infliximab is able to maintain
remission[44-50].
In ulcerative colitis, the recently completed ACT
Ⅰand ACT Ⅱ randomised, placebo-controlled trials
demonstrated the efficacy of infliximab treatment in
induction of remission and mucosal healing in 61.2% of
the infliximab treated patients versus 32.4% of placebo
treated patients[51,52].
Contraindications and side-effects should be taken
into consideration carefully prior to infliximab therapy[53].
Due to immunogenicity, infliximab can lead to the
formation of human anti-chimeric antibodies (HACA)
in 30% to 75% of the patients. Additional administration
of immunosuppressants; e.g. azathioprine and/or
pretreatment with intravenous prednisolone, can reduce
the risks of HACA formation. The main reported sideeffect is an infusion reaction, which can occur as an acute
allergic/anaphylactic reaction or a delayed hypersensitivity
reaction. In clinical trials, observations have included
infections, drug-induced lupus, cardiac failure, nonHodgkin's lymphoma and, in post-marketing surveillance,
tuberculosis, pneumonia, histoplasmosis, listeriosis and
aspergillosis. To avoid a potential tuberculosis reactivation,
a purified protein derivative (PPD) skin test and a chest-Xray should be performed prior to infliximab treatment[54-67].
Patients with perianal or enterocutaneous fistulizing
Crohn’s disease should be treated first with infliximab. The
effect of infliximab is not as effective on entero-enteral
or recto-vaginal fistulas. Patients with steroid-refractory
or chronic active Crohn’s disease or ulcerative colitis who
do not respond to immunosuppressive therapy alone
should also be treated with infliximab. The recommended
www.wjgnet.com
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treatment regimen is an induction scheme with three
infusions (5 mg/kg i.v.) at 0, 2 and 6 wk, followed by
a maintenance treatment of infliximab every 8 wk (5
mg/kg i.v.). Additionally, immunosuppressive therapy
with azathioprine, for example, is recommended. HACA
testing is not recommended routinely for every patient
on infliximab, but it is recommended if there is a delayed
hypersensitivity reaction or if the last infliximab infusion
was more than 12 wk previous.
Adalimumab
Other TNF agents also showed efficacy in Crohn’s
disease. The human IgG1 antibody adalimumab, which
is a therapeutic agent used for rheumatoid arthritis, was
effective in open-label experience. A placebo-controlled,
randomised trial was also conducted. One advantage, in
comparison to infliximab, might be the completely human
structure of the antibody, which leads to better tolerance
and a subcutaneous route of administration. Data on
adverse reactions in Crohn’s disease patients are still not
available, but adalimumab is well-tolerated in patients with
rheumatoid arthritis[68-71].
CDP-870
Certolizumab pegol (CDP-870), which is a polyethyleneglycolated Fab-fragment of the anti-tumour necrosis
factor, has been shown to be effective in the treatment
of Crohn’s disease in a recent published, randomised,
placebo-controlled trial. At week ten, 52.8% of the
certolizumab (400 mg) treated patients showed a clinical
response versus 30.1% in the placebo treated group (the
high placebo response was seen in a large patient subgroup
with low C-reactive protein levels; this might have been
due to statistical separation between treatment and placebo
group[72]). The antibody was well tolerated. Ongoing trials,
however, are necessary to establish efficacy in Crohn’s
disease.
CDP-571
CDP-571, which is a humanized IgG4 monoclonal
antibody against tumour necrosis factor alpha,
initially showed an induction of clinical response in
controlled trials, but failed in a phase Ⅲ trial which was
discontinued[73].
Onercept and eternacept
Onercept, which is a recombinant human p55 soluble
rece ptor to TNF, and also eter nace pt, which is a
recombinant human p75 soluble receptor to TNF, failed in
a phase Ⅱ trial with Crohn’s disease and both trials were
discontinued[74-76].
Natalizumab
Adhesion molecule inhibiting agents, such as natalizumab,
which is a humanized IgG4 antibody, demonstrated a
clinical response in a clinical trial in Crohn’s disease, but
all trials had to be stopped immediately after cases of
progressive multifocal leucencephalopathy in patients
receiving natalizumab for multiple sclerosis were
reported[77-79].
The antisense olig onucleotide of the adhesion
www.wjgnet.com
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molecule ICAM-1 (anti-ICAM-1) was ineffective in Crohn’s
disease[80].
A hopeful, novel approach for the treatment of Crohn’s
disease is an anti-IL-12/IL-23p40 antibody that proved
effective for induction of response and remission in a
phase Ⅱ study[81].

β -Interferon

The use of β -Interferon, which has been investigated
in a small pilot study in ulcerative colitis with a
subcutaneous administration, seems to be effective, but
larger, randomised, placebo-controlled studies need to be
performed to clarify the clinical efficacy[82].
In conclusion, the only biological therapeutic today,
which has been proven effective in IBD and is available on
the market is infliximab. The market release of new TNF
agents might happen in the near future.

Probiotics
A different group of therapeutic agents for therapy
of IBD are probiotics. The use of probiotics has been
advocated in colonic inflammatory disease for a long
time. Only recently, two controlled trials demonstrated
that E. coli nissle is as effective as 5-ASA for remission
maintenance in ulcerative colitis [83,84] . For remission
maintenance and pouchitis, studies demonstrated the
benefit of probiotics[85,86]. Due to a better understanding of
the molecular events and the pathophysiological processes
of this disease, it is hoped that more probiotic agents will
be developed in the near future.
5-ASA
A short, practical guideline would be incomplete without
discussing IBD and pregnancy. 5-ASA is not harmful
during pregnancy and there is ver y little placental
transport. 5-ASA should be avoided during breast feeding
because there are no studies on 5-ASA use during breast
feeding [87]. Acute disease or a flare up of IBD can be
treated throughout an entire pregnancy with steroids.
Glucocorticoids pass the placental barrier, but there has
been no significant evidence of teratogenesis. There have
been some observations of cleft lip and palate associated
with the intake of steroids. In general, no increase in
fetal complications have been found with use of 5-ASA
compared to the general population[88].
Azathioprine or 6-mercaptupurine
The use of azathioprine or 6-mercaptupurine should not
be completed during pregnancy. Extensive experience with
use of these substances during pregnancy exists with other
autoimmune diseases and patients who received renal
transplants. No teratogenic effects in humans have been
reported so far. However, it is very important to discuss all
the data and possible complications with the patient and
it is essential that the decision to take the drug should be
made by the patient[89].
Methotrexate is contraindicated during pregnancy
as it is mutagenic and teratogenic [90]. Cyclosporine is
not teratogenic, but due to its side-effects, it needs to
be considered very carefully and should only be used to
avoid a colectomy[91]. Infliximab should not be given as
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maintenance therapy during pregnancy. In very severe
disease, it can be considered as an emergency therapy[92].
Nutrition has not been discussed in this article so far.
However, the balance of trace elements and vitamins is
essential for successful therapy. Vitamin B12 and folinic
acid, for example, should be monitored in Crohn’s disease
patients with ileal inflammation to avoid a deficiency
syndrome, which can lead to severe anemia. Also ferritin
should be monitored and, if necessary, substituted orally
or intravenously to avoid severe iron deficiency anemia.
In severe cases of iron deficiency anemia, erythropoietin
(10 000IE s.c. 3 times per week) plus iron i.v. (62.5 mg in
250 mL NaCl) is effective[93]. In severe ulcerative colitis or
Crohn’s disease, patients profit from short term parenteral
or additional high calorie nutrition[94].
All above treatment regimens attempt to avoid
complications and inflammation in IBD. However, all
conservative therapy sometimes fails or is not effective
enough. Examples might be therapy for refractor y
ulcerative colitis, which can only be successfully treated
by an operation (e.g. a colectomy with an ileoanal pouch
anastomosis), non-inflammatory stricture in Crohn’s
disease or severe fistulizing disease, in which a protective
ileostoma can be very useful for supporting conservative
treatment. In such cases, close collaboration with an
experienced IBD surgeon is essential.
It can be summarized that although a number of new
biological agents have been developed in the last decades
for the treatment of IBD, there is still a great need for new
pharmcotherapeutics, particularly for chronic refractory
disease patients with multiple complications.
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Abstract
Celiac disease (CD) is a common autoimmune disorder
characterized by an immune response to ingested
gluten and has a strong HLA association with HLADQ2 and HLA-DQ8 molecules, but human HLA-DQ risk
factors do not explain the entire genetic susceptibility to
gluten intolerance. CD is caused by the lack of immune
tolerance (oral tolerance) to wheat gluten. In this sense,
the expression of soluble HLA-G in CD is of special
interest because the molecule plays an important role
in the induction of immune tolerance. The enhanced
expression of soluble HLA-G found in CD may be part of
a mechanism to restore the gluten intolerance. In this
editorial, we review recent progress in understanding
CD in relation to its prevalence, diagnosis and possible
mechanisms of pathogenesis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Celiac disease (CD) is a chronic inflammatory disease
which develops in genetically predisposed individuals.
CD is a T cell-mediated inflammatory disorder with
autoimmune features and it has environmental and
immunologic components [1,2]. It is characterised by an
immune response to ingested wheat gluten and related
proteins of rye and barley that leads to inflammation,
villous atrophy and crypt hyperplasia in the proximal
www.wjgnet.com

part of the small intestine[2,3]. The common presentation
symptoms and signs of CD include diarrhea, abdominal
distention, abdominal pain, weight loss, fatigue, and
malnutrition.
The clinical classification of CD is based on the
presence or lack of gastrointestinal symptoms: “classical”
or “symptomatic” CD refers to presentations with
diarrhea and with malabsorption syndrome, whereas
“atypical” or “asymptomatic” form has no gastrointestinal
manifestations[4]. CD is defined as silent when the typical
enteropathy is found in patients who apparently are healthy.
Potential CD refers to a risk for developing a typical CD
later in life; the patients have Endomysial antibody (EMA)
and tissue transglutaminase (tTG) antibodies with HLA
DQ2 or DQ8 predisposing genotype[6,7], and normal or
minimal abnormal mucosa. Finally, a specific manifestation
of CD is refractory sprue defined as symptomatic, severe
villous atrophy with increased intraepithelial lymphocytes
(IELs) despite maintenance of a strict gluten-free diet[5].
Although there have been major advances in our
knowledge of the disease, there are few advances in
the therapy. The only accepted treatment for CD is a
nutritional therapy with a gluten-free diet for lifelong[8].
Here, we review recent advances in our understanding
of CD with respect to its prevalence and diagnosis, and
possible mechanisms underlying the gluten intolerance.

PREVALENCE
CD is the most common food-sensitive enteropathy in
humans. The prevalence is estimated in the range of 1:100
to 1:300 in North America and Europe [9,10]. Recently,
it has become clear that CD is much more prevalent
than previously thought. We observed in our pediatric
population (south-east of Spain) a 1:75 prevalence, which
is in good agreement with the studies by Fasano et al [9]
and Ciclitira et al[10] showing a prevalence of 1:133 in the
United States and 1:100 in Europe, respectively.
At the present time, the form of clinical presentation
of CD is changing. In our experience, CD is a very
common disorder, and most affected individuals have the
atypical and silent forms of the disease, which are also the
prevalent forms of disease presentation in our population.
Indeed, we observed a more elevated percentage of
patients associated with HLA-DQ8 molecule in CD
(around 20%-25%) than have been described previously
by other studies, which estimated the percentage of HLADQ8 patients to be about 10% [11] . Furthermore, the
HLA-DQ8 CD patients are commonly associated with
extraintestinal symptoms presentations, and are frequently
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Table 1 Clinical manifestations of untreated celiac disease
Manifestations

Associated diseases

Genetic associated diseases

Classic symptoms:
Autoimmune diseases:
Down syndrome
				
Turner syndrome
Abdominal pain
Type 1 diabetes
William syndrome
Anorexia
      Thyroiditis
              IgA deficiency
Diarrhea		
Sjogren’s syndrome
Weight loss
IgA nephropathy
Short stature
Irritability		
Neurologic disturbances:
Nonclassic symptoms:
Autism
		
Depression
Dermatitis hepertiformis Epilepsy
Hepatitis		
Cerebellar ataxia
Anemia
Arthritis		
Other diseases:
Constipation
Alopecia		
Osteopenia/osteoporosis
Pubertal delay
Infertility
Vomiting		
Intestinal adenocarcinoma
Inflammatory bowel disease   Non-Hodgkin lymphoma
Migraine headaches

associated with others autoimmune diseases (unpublished
results).

DIAGNOSIS
We believe that the current diagnostic criteria for CD need
a revision. CD is often missed during diagnosis because
many individuals do not present the disease with the
classical gastrointestinal symptoms. In fact, the percentage
of undiagnosed population has markedly increased, and
significant risks and complications are associated with
untreated CD (Table 1).
As a multi-factorial disorder, CD may present highly
diverse clinical manifestations[12]. CD patients typically
display extraintestinal (non-classical) symptoms or lack
classical gastrointestinal symptoms such as diarrhea,
abdominal pain, distention, or weight loss. In our pediatric
population, the non-classical symptoms are often the
most common presentation in newly diagnosed CD cases.
These include autoimmune alopecia, iron deficiency, or
elevated levels of liver transaminases, and they often may
be the only manifestation of CD in an affected individual
(Table 1).
In our experience, small bowel biopsy is critical for
diagnosing symptomatic patients with negative serology for
CD and with HLA compatible with the disease. Although
we consider intestinal biopsy as the gold standard for CD
diagnosis, in many occasions the permission for intestinal
biopsy is refused. Both serologic tests and genetic study
are necessary to select subjects who need intestinal biopsy
(Table 2).
CD is more common in certain risk groups. Family
members of known celiac patients represent the most
important group of study patients. The determination of
HLA typing as a first step is useful as it would exclude
approximately one third of first degree relatives in a
CD family. We found a high prevalence of CD between
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relatives, and the highest percentage was observed among
daughters. The CD relatives are a population at high risk
of developing gluten intolerance and we propose that
an extensive study of such group should be undertaken.
It is noteworthy that after the first diagnosis of CD, the
family will become more self-aware in recognizing early
symptoms related to the disease.

PATHOGENESIS
A defect in antigen processing by epithelial cells, together
with the intrinsic properties of the gliadins, as well as the
HLA-DQ haplotype of the individual are considered the
principal factors involved in the pathogenesis of CD[3]. CD
is strongly associated with HLA class II genes that map
to the DQ locus. It has been shown that CD is associated
with the expression of HLA-DQ2 and HLA-DQ8 [6,7].
Several studies found that the majority of celiac patients
carry DQ2 (DQA1*05/DQB1*02), with the remaining
patients displaying an association with DQ8 (DQA1*0301/
DQB1*0302). Collectively, these HLA genes confer up to
40% of the genetic risk for CD development.
Gliadin peptide presentation and T-cell activation are
critical events in the pathogenesis of CD. Gluten peptides
are not fully digested by the action of gastric, intestinal
and pancreatic enzymes in CD patients. A 33-mer peptide
was isolated and identified as the primary initiator of the
inflammatory response to gluten in celiac patients[16]. This
peptide reacted with tissue transglutaminase (tTG), the
major autoantigen in CD that deamidates certain glutamine
residues of gluten to glutamic acid. This in turn produces
a negative charge that favours binding and presentation by
HLA-DQ2 and DQ8 molecules, which are responsible for
T-cell activation and subsequent production of cytokines,
leading to tissue damage[17,18]. The inappropriate CD4+
T-cell activation in the lamina propia commonly observed
in CD is triggered by specific gluten peptides bound to
DQ2 and DQ8 heterodimers on the surface of antigen
presentation cells [2,6]. The mucosal intestinal lesion is
believed to be mainly induced by the production of IFNgamma from these gluten specific T cells[1, 2]. Moreover,
changes in intestinal permeability, secondary to alterations
in intercellular tight junctions or in the processing of the
food antigen, have also been recently implicated in the loss
of tolerance to gluten[19].
Immune (oral) tolerance
The gut immune system is exposed to a wide variety of
antigens derived from foods, resident bacteria and invading
microorganisms. Oral tolerance is a physiological condition
characterized by induction of immune unresponsiveness
toward intestinal alimentary and bacterial antigens of the
intestinal flora. Multiple cellular and molecular mechanisms
are involved in the regulation of this fundamental property
of the gut immune system[20].
CD is the most common food-sensitive enteropathy in
humans and is caused by the lack of immune tolerance (oral
tolerance) to wheat gluten and the prolamin fractions of
rye and barley. Many different gluten peptides recognized
by intestinal T cells have been identified[21]. The activation
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Table 2 Diagnosis in celiac disease
Diagnostic criteria used in celiac disease

Diagnostic propose for celiac disease

Comments

Serological test:
Tissue transglutaminase antibody (tTGA)
Endomysial antibody (EMA)
Gliadin antibodies (AGA)
Total IgA

With classical symptoms:
Serological test:
Tissue transglutaminase antibody (tTGA)
Endomysial antibody (EMA)
Gliadin antibodies (AGA)

Positive serology supports a diagnosis of CD, but they are not
essential. Compatible with HLA-DQ2/D8 testing and identify
individuals for further biopsy evaluation. Small bowel biopsy
is critical in symptomatic patients with negative serology for
CD and with HLA compatible with the disease

Endoscopy

HLA-DQ2/DQ8 testing

Determination of HLA typing as a first step in diagnosis in CD
family

Capsule endoscopy (with adequate
pathological interpretation)
Without classical symptoms
HLA-DQ2/DQ8 testing

Adequate number of biopsies and well oriented. Estimate
lymphocyte infiltration and partial or total villus atrophy
Primordial role of HLA-typing if serology is negative and with
biopsy refused or equivocal to identify individuals

Serologic test:
Adequate number of biopsies and well oriented. Estimate
Tissue transglutaminase antibody (tTGA) lymphocyte infiltration and partial or total villous atrophy
Endomysial antibody (EMA)
Gliadin antibodies (AGA)
Capsule endoscopy (with adequate
pathological interpretation)

of these gluten-reactive T cells represents a key event in
the pathogenesis of CD[1,2]. The mucosa of CD patients
is characterized by a high proportion of intraepithelial T
cells bearing gamma-delta chain of the antigenic T cell
receptors (γδ IEL)[22].
Ingested gliadin, the triggering agent of the disease,
can cross the epithelial barrier and elicit a harmful T cellmediated immune response. Dendritic cells are supposed
to play a pivotal role in shaping the immune response[23].
Immature dendritic cells are characterised by low levels
of MHC class II expression and co-stimulatory molecules
and can mediate tolerance presumably by induction of T
regulatory cells (Treg cells)[24]. Moreover, IL-10 released
by Treg cells can modulate the function of immature
dendritic cells and inhibit their differentiation, amplifying
the local presence of ‘‘tolerizing dendritic cells’’[25]. IL10-modulated dendritic cells induce anergy of effector T
cells through still undefined mechanisms requiring cell-cell
contact.
Therefore, the direction of the immune response
toward immunity or tolerance depends on the stage of
maturation and the functional properties of the dendritic
cells. Gliadin peptides can contribute to overcoming
the stage of unresponsiveness of immature dendritic
cells by inducing phenotypic and functional dendritic
cell maturation, resulting in more efficient processing
and presentation of gliadin peptides to specific T
lymphocytes[26].
HLA-G: molecule of immune tolerance
HLA-G is a non-classical major histocompatibility complex
class I molecule selectively expressed at the maternal-foetal
interface on cytotrophoblast cells, protecting the fetus
from the maternal immune rejection, and creating a general
state of tolerance[27]. HLA-G exhibit tolerogenic properties
via interaction with inhibitory receptors presented in
natural killer (NK) cells, T cells and antigen-presenting
www.wjgnet.com

cells (APC)[28].
The presence of soluble HLA-G (sHLA-G) in the
cerebrospinal fluid of multiple sclerosis[29] and allograft
acceptance after transplantation[30] suggests a tolerogenic
function for this molecule against innate and adaptive
cellular immune responses. Interestingly, work from our
lab and others have suggested that HLA-G antigens may
play a protective role in inflammation[31,32]. Further analysis
revealed that, sHLA-G molecules inhibit lytic activity of
NK cells, induce apoptosis of CD8+ CTLs and affect
CD4+ alloproliferation[33]. Thus, the immune modulatory
properties of sHLA-G may suggest a potentia role in CD.
We h ave d e m o n s t r a t e d a n a s s o c i a t i o n o f C D
with sHLA-G expression (Figure 1A) and we found
a correlation between increased levels of sHLA-G
expression and CD associated with other autoimmune
diseases, being dependent on a genetic link of these
diseases through HLA genes[34].
The expression of soluble HLA-G in CD is of special
interest because its molecule plays an important role in
the induction of immune tolerance[35]. We propose that
the enhanced expression of sHLA-G found in CD could
be part of a mechanism to restore the gluten intolerance.
HLA-G may act through inhibitor y receptor (ILT)
interactions that lead to development of tolerogenic
dendritic cells with the induction of anergic and
immunosuppressive T cells, and an arrest of maturation/
activation of dendritic cells. The expression of these
ILT receptors on dendritic cells is tightly controlled by
inflammatory stimuli, and by cytokines[36].
Thus, a powerful anti-inflammatory response to gliadin
might occur during the development of the disease with
uncontrolled production of HLA-G and anti-inflammatory
cytokines, such as IL-10 and TGF-beta, which counteract
the inflammation and/or may cause recruitment of intraepithelial lymphocytes, maintaining the intestinal lesions
presented in CD[34].
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Table 3 Future directions in celiac disease
Unanswered questions

Future directions

Immunopathogenesis
How is oral tolerance broken?

Restoring immunological tolerance
to gluten would represent the ideal
cure for CD

Gluten-specific T cells

Gluten-specific T cells could be
inactivated or deleted, tolerance
to gluten should be restored

Diagnosis

B

What is the significance of the
vast number of currently
undiagnosed people with
the disease?

The rate of the diagnosis will
continue to increase with
better diagnosis.

What is the significance of the
increase number of people with
extraintestinal symptoms or
without classical symptoms in
CD?

“the suspicion of the disease”

Genetics
Identify the genetic risk factors
that predispose to CD

*
C

Polymorphic genes located in the
MHC region and CD
Genetic polymorphism of cytokine
genes may influence the risk of CD
Associated polymorphism with
serological markers
HLA-G polymorphism?

*

Figure 1 Immunohistochemistry analysis in celiac patients. A: Immunohistochemical staining for HLA-G in the Lieberkühn crypts; B: Immunohistochemical
staining for IL-10 at the lamina propria level; C: Immunoreaction for TGF-beta
in areas of infiltrated inflammatory cells. Arrows and asterisks: cells showing
immunoreactivity (x 200).

Cytokines
The characteristics of an intestinal inflammatory response depend on the cytokines produced during this
response. The production of cytokines from T cells and
macrophages is of potential importance for the histological
lesions that appear in CD. The CD lesions are associated
with a marked infiltration of Th1 cells dominated by the
synthesis of the pro-inflammatory cytokines, IFN-gamma
and TNF-alpha[37]. IL-15 also has an important role in CD,
because it orchestrates intraepithelial lymphocytes changes
in the disease. Certain parts of gluten may stimulate
the innate part of the immune system, and IL-15 is a
central player in this immune response-induced by gluten,
inducing the activation of IEL in CD [38]. Engineered
IL-15 over-expression by epithelial cells in the intestine
leads to a massive expansion of CD8+ intestinal T cells
accompanied by a CD-like enteropathy[39]. Furthermore,

IL-15 induces the expression of MICA, the epithelial
ligand of NKG2D[40].
We found in the celiac patients increased levels of
anti-inflammatory cytokines IL-10 and TGF-beta at the
lamina propria level in biopsy samples of patients with
villous atrophy and elevated lymphocyte infiltration
(Figure 1B and C). IL-10 predominantly acts as a potent
anti-inflammatory factor and a suppressive agent for
Th1 responses [41]. TGF-beta is a major factor for the
production of immunoglobulin A (IgA) and acts as a
potent mediator of the tissue repair [42]. Interestingly,
tTG, described as the major endomysial autoantigen in
CD, is necessary for the activation of TGF-beta[43]. The
elevated levels of IL-10 and TGF-beta are insufficient
for the inhibition of the autoimmune reaction, and would
modulate the immune response and induce the activation
of B lymphocytes. These cytokines may play important
roles in inducing HLA-G. In this regard, the possible role
of IL-10 in inducing HLA-G protein expression has been
already previously described in CD[34].

FUTURE DIRECTIONS
There are many unanswered questions about CD. What
is responsible for the collapse of CD oral tolerance?
Restoring immunological tolerance to gluten would
represent the ideal way to treat or cure this disease.
However, if gluten-specific T cells could be inactivated or
deleted, tolerance to gluten should be restored. What is the
significance of the vast number of currently undiagnosed
people with the disease? What is the significance of the
increased number of people with extraintestinal symptoms
www.wjgnet.com
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or without classical symptoms in CD? As we anticipate
that the rate of the diagnosis will continue to increase,
it will be important to further our understanding of the
pathogenesis of CD and improve its diagnosis (Table
3). The diversity of the clinical presentation in CD can
complicate the diagnosis and delay the treatment initiation.
In our experience, the most important diagnostic test in
CD is “the suspicion of the disease”. The screening of CD
should start with a serologic test (for IgA and IgG antiendomysial and anti-tTG antibodies), and HLA typing. If
the patient is genetically compatible with the disease (even
with negative serology), a confirmatory small biopsy by
capsule endoscopy should be followed.
Recently, many efforts have been made to identify
the genetic risk factors that predispose to CD. The lack
of immune tolerance in CD could occur due to genetic
polymorphisms in any of the non-MHC molecules
involved in the induction, regulation or expression of
mucosal immune responses, such as IL-10, TGF-beta,
IFN-gamma. Most of these polymorphisms affect gene
transcription influencing the individual susceptibility to
CD[44]. In addition, several associations between different
polymorphic genes located in the MHC region and CD
have been reported[45]. Furthermore, we found evidence
that HLA-G is an interesting candidate as susceptibility
gene in CD. These findings should open new perspectives
for the identification of genetic susceptibility to CD.
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Abstract
AIM: To investigate the effect of (-)-epigallocatechin3-gallate (EGCG) on growth of gastric cancer and its
possible mechanism.
METHODS: Heterotopic tumors were induced by
subcutaneously injection of SGC-7901 cells in nude
mice. Tumor growth was measured by calipers in two
dimensions. Tumor angiogenesis was determined with
tumor microvessel density (MVD) by immunohistology.
Vascular endothelial growth factor (VEGF) protein
level and activation of signal transducer and activator
of transcription 3 (Stat3) were examined by Western
blotting. VEGF mRNA expression was determined by
RT-PCR and VEGF release in tumor culture medium by
ELISA. VEGF-induced cell proliferation was studied by
MTT assay, cell migration by gelatin modified Boyden
chamber (Transwell) and in vitro angiogenesis by
endothelial tube formation in Matrigel.
RESULTS: Intraperitoneal injection of EGCG inhibited
the growth of gastric cancer by 60.4%. MVD in tumor
tissues treated with EGCG was markedly reduced. EGCG
treatment reduced VEGF protein level in vitro and in vivo.
Secretion and mRNA expression of VEGF in tumor cells
were also suppressed by EGCG in a dose-dependent
manner. This inhibitory effect was associated with
reduced activation of Stat3, but EGCG treatment did not
change the total Stat3 expression. EGCG also inhibited
VEGF-induced endothelial cell proliferation, migration
and tube formation.
CONCLUSION: EGCG inhibits the growth of gastric
www.wjgnet.com

INTRODUCTION
Gastric cancer is the leading cause of cancer-related death
in most countries, but the incidence has steadily decreased
throughout the world in recent decades[1]. Although the
exact reason for the decline is uncertain, it was reported
that dietary factors play a role[2]. Epidemiological studies
showed that regular drinking of green tea significantly
reduces the occurrence and mortality of many types of
cancer [3]. Case-control studies have provided evidence
for protective effect of green tea against gastric cancer[4].
Experiment and animal model studies also demonstrated
that green tea and its components have anti-cancer effect
against gastric cancer[5,6], but conclusive results are not
available at present[7].
(-)-Epigallocatechin-3-gallate (EGCG) is the most
abundant and active component of green tea, and the
beneficial properties of green tea appear to be ascribed
to EGCG. The effect of EGCG on cell proliferation and
apoptosis has been well established. EGCG suppresses
tumor growth by inhibiting proliferation and inducing
apoptosis through a variety of mechanisms [8]. Recent
studies showed that EGCG has anti-angiogenic property
and reduces tumor growth in mouse model by inhibiting
angiogenesis[9,10]. Angiogenesis, the growth of new blood
vessels from preexisting capillaries, is necessary for solid
tumor growth and metastasis. Angiogenesis is initiated by
the release of certain angiogenic factors from tumor cells.
Vascular endothelial growth factor (VEGF), which has
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been shown to be the most potent angiogenic factor, is
associated with tumor-induced angiogenesis. Angiogenesis
is closely associated with progression and prognosis of
gastric cancer, and VEGF expression is a predictive and
prognostic factor of gastric cancer[11]. Anti-angiogenic
therapy targeting VEGF can inhibit growth and metastasis
of gastric cancer[12]. However, whether EGCG suppresses
growth of gastric cancer by anti-angiogenesis remains to
be elucidated.
In this study, we investigated the effect of EGCG on
angiogenesis and growth of gastric cancer with an in vitro
and in vivo model. Data reported here show that EGCG
suppresses growth of gastric cancer by reducing VEGF
production and VEGF-induced angiogenesis.

MATERIALS AND METHODS
Cell culture
Human gastric cancer cells (SGC-7901 cells, Cell Bank
of Sun Yat-Sen University, Guangzhou, China) were
maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% (v/v) fetal bovine serum
(FBS, Gibco BRL, Gaithersburg, MD) and incubated at
37℃ in a humidified incubator containing 50 mL/L CO2.
Human umbilical vein endothelial cells (HUVECs) were
prepared from fresh human umbilical cord and grown in
human endothelial-serum free medium (endothelial-SFM,
Gibco BRL, Gaithersburg, MD) supplemented with 10%
FBS, 100 U penicillin, streptomycin and fungizone, and
incubated at 37℃ in a humidified incubator containing
50 mL/L CO 2 . To maintain unifor m conditions, all
experiments were carried out between cell passages 4-6.
Tumor growth assay
SGC-7901 cells (5 × 10 6 cells/0.2 mL) in SFM were
inoculated subcutaneously into the dorsal area of
6-8-wk female BALB/c nude mice, weighing 18-22 g
(Experimental Animal Center of Sun Yet-Sen University,
Guangzhou, China). When tumors reached a volume of
50 mm3, intraperitoneal injection of EGCG was carried
out at the dosage of 1.5 mg/d per mouse (n = 6). The
control group (n = 6) was treated with the same volume
of PBS. Tumor growth was monitored by external
measurement in two dimensions every other day with
calipers. Tumor volume was determined according to
the equation: V = (L × W2)/2, where V is volume, L is
length and W is width. Twenty-eight days after EGCG
injection, all animals were sacrificed, tumors were excised
and weighed. The tumor inhibition ratio was calculated as
follows: inhibition ratio (%) = [(C-T)/C] × 100%, where
C is the average tumor weight of the control group and T
is the average tumor weight of the EGCG-treated group.
Some tumor tissues were frozen at -80℃ for Western
blot analysis and others fixed in 4% formaldehyde for
immunohistochemistry analysis.
All animal studies were performed according to the
guides for the Care and Use of Laboratory Animals
approved by Sun Yat-Sen University.
Determination of tumor microvessel density
Histologic 4- μ m thick sections prepared from form-
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aldehyde fixed and paraffin embedded tumor tissues
were used for immunohistochemical analysis. After
deparaffinization, rehydration, antigen retrieval and
blocking of endogenous peroxidase, the specimens were
incubated overnight at 4℃ with goat polyclonal anti-CD34
antibodies diluted at 1:100 (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The sections were rinsed and
incubated with peroxidase-conjugated second antibody
followed by enzyme conjugate (HRP-streptavidin).
Microvessels were revealed with diaminobenzidine
(DAB) and the sections were counterstained with Mayer's
hematoxylin. In negative-control staining, the primary
antibodies were omitted. Tumor vasculature was quantified
by the Weidner’s method[13]. The area of tumor containing
the maximum number of microvessels to be counted was
identified by scanning the entire tumor at low power (100 ×).
The number of highlighted vessels from 3 fields was then
counted in this area at high power (200 ×).
Western blot analysis
SGC-7901 cells were seeded in 90 mm plates and cultured
in growth medium until 70%-80% confluence. The
culture medium was replaced with SFM supplemented
with different concentrations of EGCG (0, 5, 10, 20,
and 40 μmol/L). The cells were incubated for another
24 h. Total protein from cell lysates and tumor tissue
homogenizations was extracted with mammalian cell
lysis kit (Bio Basic Inc., Ontario, Canada). Protein levels
were quantified with Bio-Rad protein assay kit (Bio-Rad
Laboratories, Richmond, CA). Total protein (100 μ g)
was separated in 12% SDS–PAGE, and transferred onto
PVDF membrane (Invitrogen, Carlsbad, CA, USA). The
membrane was blocked with 5% skim milk and incubated
at 4℃ overnight with rabbit polyclonal anti-VEGF
antibody (Santa Cruz Biotechnology, Santa Cruz, CA,
USA), rabbit polyclonal anti-Stat3 antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), or goat polyclonal
anti-p-Stat3 antibody (Phospho-Stat3 [tyr-705], Santa Cruz
Biotechnology, Santa Cruz, CA, USA). After washing three
times with 0.1% Tween 20 in Tris-saline, the membranes
were incubated with biotin-labeled anti-rabbit or anti-goat
IgG for 1 h at room temperature with agitation. The probe
proteins were detected using enhanced chemiluminescence
system (Amersham International, Piscataway, N.J., USA).
Measurement of VEGF in supernatant by ELISA
The effect of EGCG on VEGF release in tumor cells was
measured by ELISA. SGC-7901 cells seeding in 90 mm
plates were cultured until 70%-80% confluence. The cells
were washed three times with PBS and the culture medium
was replaced with SFM. EGCG was added to the medium
to various concentrations (0, 5, 10, 20 and 40 μmol/L) and
incubated with the cells for 24 h. The conditioned medium
was harvested and centrifuged. VEGF concentration in
the supernatant was measured using a VEGF ELISA kit
(R & D systems, Minneapolis, Minn., USA).
RT-PCR analysis
SGC-7901 cells were seeded in 90 mm plates and
cultured in growth medium until 90% confluence. The
culture medium was replaced with SFM supplemented
www.wjgnet.com
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with EGCG at different concentrations (0, 5, 10, 20 and
40 μmol/L). The cells were incubated for another 24 h.
Total RNA was extracted from the cell lysates. The levels
of human VEGF cDNAs were evaluated by RT-PCR and
normalized by the levels of human cytoplasmic β-actin.
Reverse transcription was performed with 1 μg total RNA
and 100 pmol random hexamers in a total volume of
20 μL to produce first-strand cDNA. PCR experiments
were performed with 1 µL of the first-strand cDNA in
a 50 µ L reaction mixture. Human VEGF cDNA was
amplified with specific primers (sense primer: 5’TGC ATT
CAC ATT TGT TGT GC 3’; antisense primer: 5’AGA
CCC TGG TGG ACA TCT TC-3’, a 200 bp product)
and β-actin specific primers (sense primer: 5’-TCA TCA
CCA TTG GCA ATG AG-3’; antisense primer: 5’-CAC
TGT GTT GGC GTA CAG GT-3’; a 150 bp product).
Amplification conditions were as follows: denaturation at
94℃ for 1 min, annealing at 60℃ (for β-actin at 55℃) for
1 min, and extension at 72℃ for 1 min. All PCRs were
linear up to 30 cycles.
Cell proliferation assay by MTT assay
The effect of EGCG (Sigma, St. Louis, MO., USA) on
endothelial cell proliferation induced by VEGF was
determined by MTT assay (Sigma, St. Louis, MO., USA).
Briefly, 2.5 × 104 HUVECs were plated in 24-well plates
pre-coated with 2.0% gelatin in triplicate and cultured
overnight in growth medium. Then the culture medium
was changed with endothelial-SFM supplemented with
2% FBS and 20 ng/mL recombinant human vascular
endothelial growth factor (hrVEGF; R & D Systems,
Minneapolis, Minn., USA) in the presence of EGCG at
various concentrations (0, 5, 10, 20 and 40 μmol/L). The
viable cells were quantified by MTT assay at indicated time
point following the manufacturer’s instructions.
Cell migration assay
Endothelial cell migration induced by VEGF was assessed
using a modified Boyden chamber (8 μ mol/L pores,
Transwell®; Corning Costar Corp., Cambridge, MA). The
transwell inserts were coated with 2.0% gelatin. HUVECs
were treated with EGCG at various concentrations (0, 5,
10, 20 and 40 μmol/L) for 24 h. Cells were harvested by
trypsinization, washed twice with PBS, and resuspended
in endothelial-SFM containing 2% FBS and EGCG at the
indicated concentrations. Then the treated cells were added
to the upper chamber at 2 × 105 cells per well and 0.6 mL
endothelial-SFM containing 2% FBS and 20 ng/mL VEGF
was added to the bottom chamber. After 4-h incubation
at 37℃, cells on the upper surface of the membrane were
mechanically removed, and the migrated cells on the lower
surface of the membrane were fixed and stained with
hematoxylin. The average number of migrated cells from 5
randomly chosen fields (× 200) on the lower surface of the
membrane was counted. Each experiment was performed
in triplicate.
Tube formation assay
Matrigel was thawed at 4℃ in an ice-water bath, and
300 μL/well was carefully added to a pre-chilled 24-well
plate using a cold pipette. Matrigel was allowed to
www.wjgnet.com
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Figure 1 Inhibition of growth of human gastric cancer xenografts in an athymic
mouce model. A: tumor tissues treated with EGCG or PBS on d 28 after treatment;
B: an average of 60.4% suppression of primary tumor growth in the EGCG
treatment group compared with control group; C: tumor growth suppression curve:
volumes of EGCG treatment group versus PBS treatment group on indicated days.
Data are presented as mean ± SE (n = 6, aP < 0.05, bP < 0.01).

polymerize for 1 h at 37℃. After polymerization, 5 × 104
cells/well in endothelial-SFM with 2% serum, 20 ng/mL
VEGF and EGCG at different concentrations (0, 5, 10,
20 and 40 μmol/L) was layered on top of polymerized
gel. Cells were incubated for 48 h and photographed. For
quantification of tube formation, the total length of tubes
formed in a unit area was measured using an NIH Image
program.
Statistical analysis
Student’s t test was used in all statistical analyses. P < 0.05
was considered statistically significant.

RESULTS
EGCG suppressed growth of human gastric carcer
xenografts in athymic mice
To evaluate the effect of EGCG on tumor growth,
tumor xenografts were created by implanting SGC-7901
cells into the dorsal area of athymic mice. Nine days
after implantation, tumors reached a size of 50 mm3.
The mice were randomized into two groups and received
intraperitoneal injection of EGCG or PBS, respectively.
EGCG treatment markedly inhibited tumor growth
when compared to control group (Figure 1A). The mean
weight of tumors of EGCG treatment was significantly
lower than that of control group, and an average of
60.4% suppression of primar y tumor growth was
observed (P < 0.01, Figure 1B). From d 16 after EGCG
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(Figure 1C).
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EGCG inhibited tumor neovascularization
To elucidate the anti-angiogenic activity of EGCG in vivo,
the effect of EGCG on tumor angiogenesis was evaluated
by CD34 immunostaining for capillaries in tumor
tissues. The density of CD34-stained capillaries was
significantly lower in EGCG treatment group (Figure
2A) than in control group (Figure 2B). Microvessel
density in tumors receiving EGCG treatment was
markedly reduced (P < 0.01, Figure 2C), and an average
of 38.2% suppression was observed.

20
0

VEGF

Stat3

p-Stat3

Figure 3 Suppression of VEGF expression and Stat3 activation in tumor cells
and tissues by EGCG. Protein level of VEGF and phosphorylated Stat3 was dosedependently reduced in tumor cells treated with EGCG and also markedly in
EGCG treated tumor tissues. EGCG did not change expression of Stat3 in tumor
cells or tumor tissues.

EGCG inhibited VEGF expression and Stat3 activation in
vitro and in vivo
Gastric cancer had a high expression level of VEGF and
Stat3, and activation of Stat3. To determine the effect
of EGCG on Stat3 activation and expression of VEGF
and total Stat3, the protein level of VEGF, total Stat3
and phosphorylated Stat3 in tumor cells and tissues
was examined by Western blot. As shown in Figure 3,
EGCG treatment down-regulated VEGF expression in
cultured tumor cells in a dose-dependent manner. VEGF
expression in tumor tissues treated with EGCG was also
markedly reduced. Consistent with the results of VEGF
expression, activation of Stat3 in cultured tumor cells
was decreased in a concentration-dependent manner, and
also apparently reduced in EGCG treated tumor tissues.
However, EGCG treatment did not change the expression
of total Stat3 either in cultured cells or in tumor tissues.

angiogenesis. To examine the effect of EGCG on
VEGF secretion, VEGF protein level in the conditioned
medium was measured by ELISA. EGCG treatment
reduced VEGF secretion in the culture medium in a
dose-dependent manner (Figure 4A). EGCG at the
concentration of 5 μmol/L significantly reduced VEGF
secretion by 16.0% (P < 0.05).

EGCG decreased VEGF secretion from tumor cells
Angiogenesis is initiated by the release of angiogenic
factors from tumor cells. VEGF is the most potent
angiogenic factor and associated with tumor-induced

EGCG inhibited endothelial cell proliferation induced by
VEGF
Tumor angiogenesis is induced by VEGF mainly produced
by tumor cells. VEGF-induced angiogenesis is very important

EGCG inhibited VEGF expression at transcription level
To determine whether the inhibitory effect of EGCG
on VEGF expression is at the transcriptional level, we
examined VEGF mRNA expression in tumor cells by RTPCR, showing that VEGF mRNA expression in EGCG
treated cells was reduced in a dose-dependent manner
(Figure 4B). These results suggested that EGCG reduced
VEGF expression by inhibiting VEGF gene transcription
and decreasing VEGF mRNA expression.
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Figure 5 Inhibitory effects of EGCG on VEGF-induced proliferation of endothelial
cells. HUVECs were treated with 20 ng/mL VEGF and EGCG at the indicated
concentration and time. EGCG time- and dose-dependently inhibited HUVEC
proliferation induced by VEGF. Values are expressed as percent of control (means
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Figure 4 Decreased VEGF secretion (A) and inhibition of of VEGF mRNA
expression (B) in tumor cells. SGC-7901 cells were treated with various
concentrations of EGCG for 24 h and VEGF protein level in the supernatant was
measured by ELISA and mRNA expression in tumor cells was examined by RTPCR. Data are presented as mean ± SE (n = 3, aP < 0.05, bP < 0.01).

for tumor growth and metastasis. To further investigate
whether EGCG inhibits VEGF-induced angiogenesis,
we examined the effect of EGCG on VEGF-induced
endothelial proliferation, migration and tuber formation.
The effect of EGCG on VEGF-induced proliferation of
HUVECs was determined by MTT assay. HUVECs were
treated with 20 ng/mL VEGF and EGCG at the indicated
concentrations for 24, 48 and 72 h. As shown in Figure 5,
EGCG treatment abrogated VEGF-induced proliferation of
HUVECs in a time- and dose-dependent manner.
Inhibitory effect of EGCG on endothelial cell migration
induced by VEGF
Endothelial cell migration is one of the key steps in
angiogenesis. We examined the inhibitory effect of EGCG
on endothelial cell migration induced by VEGF. As shown
in Figure 6, EGCG treatment significantly and dosedependently inhibited migration of HUVECs induced
by VEGF. EGCG at the concentration of 5 μ mol/L
could effectively reduce VEGF-induced endothelial cell
www.wjgnet.com
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Figure 6 EGCG inhibits endothelial cell migration induced by VEGF. EGCG
inhibited migration of HUVECs induced by VEGF in a dose-dependent manner.
Data are presented as mean ± SE (n = 3). VEGF-induced migration without
EGCG treatment was used as a control. Values significantly lower than control are
indicated (aP < 0.05, bP < 0.01).

migration (P < 0.05).
Inhibition of VEGF-induced tube formation by EGCG
We determined the effect of EGCG on tube formation
induced by VEGF. When treated with EGCG, tube
f o r m a t i o n i n d u c e d by V E G F wa s i n h i b i t e d i n a
concentration-dependent manner. EGCG reduced the
length of endothelial tubes even at the concentration
of 5 μmol/L, and an average of 24.2% inhibition was
observed (P < 0.01). At the concentration of 40 μmol/L,
EGCG abrogated almost all tube formations induced by
VEGF (Figure 7).

DISCUSSION
Despite significant advance in treatment, gastric cancer
remains one of the leading causes of cancer-related death
in many countries such as China[14]. Tremendous efforts

Zhu BH et al . EGCG inhibits tumor growth and angiogenesis

1		

2		

3

4		

5		

6

120

EGCG (μmol/L)
VEGF (20 ng/mL)

% of control

100
b

80
60

b

40

b

20
  0

b
0
1

0
+
2

5
+
3

10
+
4

20
+
5

40
+
6

Figure 7 Inhibition of EGCG on VEGF-induced tube formation of endothelial cells.
EGCG dose-dependently inhibited tube formation induced by VEGF on Matrigel.
Data are expressed as percent of control. VEGF-induced tube formation without
EGCG treatment was used as a control. Values significantly lower than control are
indicated (bP < 0.01).

have been made to identify new chemopreventive and
chemotherapeutic agents and strategies. Anti-angiogenic
therapy is one of the most promising novel strategies
and many attempts have been made to prevent or delay
tumor growth by anti-angiogenesis. As the most potent
angiogenic factor, VEGF has become one of the most
common targets in anti-angiogenic therapy. In this study,
we demonstrated that EGCG suppressed growth of
gastric cancer by reducing VEGF production and VEGFinduced angiogenesis.
Green tea has been shown to have anti-angiogenic
activity and drinking tea can significantly prevent VEGFinduced corneal neovascularization [15] . As the most
abundant and active component of green tea, EGCG
has also been shown to have anti-angiogenic property[9].
Treatment with EGCG can inhibit tumor growth[10]. In
this study, intraperitoneal injection of EGCG markedly
suppressed growth of gastric cancer, and an average of
60.4% inhibition was observed. MVD in tumor tissues
treated with EGCG were significantly decreased. These
results suggest that EGCG inhibits growth of gastric
cancer.
Previous studies indicated that EGCG inhibits VEGF
expression in tumor cells[10,16]. Treatment with EGCG also
dose-dependently suppresses the secretion of VEGF both
in endothelial cells and in tumor cells[17]. To evaluate the
effect of EGCG on expression of VEGF in gastric cancer,
we determined the expression of VEGF in cultured cells
and tumor tissues. As shown in Figure 3, EGCG treatment
dose-dependently decreased the expression of VEGF
in cultured tumor cells. In tumor tissues treated with
EGCG, the expression of VEGF was markedly reduced.
Treatment with EGCG also reduced VEGF secretion in
tumor cells in a dose-dependent manner. EGCG dosedependently suppressed VEGF mRNA expression
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(Figure 4B). These findings suggest that EGCG inhibits
angiogenesis in gastric cancer by reducing production of
VEGF at transcriptional level.
VEGF expression is associated with a variety of
transcription factors, genes and modulators[18]. Several
mechanisms have been proposed for the inhibitory effect
of EGCG on VEGF expression. EGCG strongly inhibits
the transcriptional activity of transcription factors, such
as NF-kappa B[16,19] and activator protein-1[20]. Treatment
with EGCG also decreases the constitutive activation
of EGFR[16] and the expression of protein kinase C[19],
transcription modulators of VEGF, suggesting that
these changes are associated with inhibition of VEGF
promoter activity and cellular production of VEGF.
Recent studies showed that EGCG strongly inhibits the
constitutive activation of Stat3 in tumor cells [16]. Stat3
is one of the key transcription factors in regulation of
VEGF expression[18]. Stat3 activation directly promotes
VEGF expression and stimulates tumor angiogenesis[21].
In this study, high activation level of Stat3 was observed
in gastric cancer, showing that abnormally activated Stat3
expression significantly correlates with VEGF expression
and microvessel density (MVD), and is an independently
prognostic factor of poor survival[22]. EGCG can reduce
VEGF expression by inhibiting activation of Stat3 in
human head, neck and breast cancer [16]. In this study,
EGCG dose-dependently inhibited activation of Stat3. In
tumor cells and tissues treated with EGCG, the protein
level of phosphorylated Stat3 was markedly reduced, but
the total Stat3 level remained unchanged, suggesting that
EGCG down-regulates VEGF expression at least in part
by inhibiting Stat3 activation in gastric cancer.
It was reported that EGCG is most effective in
inhibiting angiogenesis among the four main catechins
of green tea[23]. Angiogenesis is initiated by the release
of angiogenic factors from tumor cells, and VEGF is
the most potent angiogenic factor. In this study, EGCG
directly inhibited VEGF-induced angiogenesis. As shown
in Figure 5, treatment with EGCG inhibited VEGFinduced HUVEC proliferation in a time- and dosedependent manner and endothelial cell migration and tuber
formation were also abrogated by EGCG, suggesting that
EGCG inhibits angiogenesis in gastric cancer by inhibiting
VEGF-induced angiogenesis and reducing production of
VEGF.
VEGF induces angiogenesis by binding to its receptors
on endothelial cell surface. It was reported that EGCG
dose-dependently inhibits VEGF binding to its receptors
on endothelial cell surface, and EGCG is the only catechin
of green tea that could disrupt VEGF receptor binding[23].
Importantly, EGCG at low doses (0.5-10 μ mol/L)
markedly inhibits formation of VEGFR-2 complex [19].
The exact mechanism underlying the inhibition of VEGF
receptor binding is unclear. A recent report suggested that
green tea extract dose-dependently inhibits expression of
VEGFR-1 and -2 on HUVECs[24]. But in our study, EGCG
could not modulate VEGFR-1 and VEGFR-2 expression
(data not shown). Disruption of VEGF receptor binding
would block receptor tyrosine phosphorylation and VEGFinduced growth and survival signaling. Treatment with
EGCG inhibits VEGF-induced VEGFR-1 and VEGFR-2
www.wjgnet.com
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phosphorylation on endothelial cells in a time- and dosedependent manner[25]. This disruption decreases PI3-kinase
activity in a dose-dependent manner[19], suppresses VEcadherin tyrosine phosphorylation and Akt activation[26],
and also decreases the PI3 kinase-dependent activation and
DNA-binding ability of NF-kappaB[19], suggesting that
EGCG inhibits VEGF-induced angiogenesis by disrupting
VEGF signaling pathway.
In the present study, EGCG suppressed growth of
gastric cancer by targeting multiple steps of angiogenesis.
EGCG at the concentration 5 μmol/L effectively inhibited
VEGF production and VEGF-induced angiogenesis.
EGCG at 40 μ mol/L almost totally abolished tube
formation induced by VEGF. Previous studies also showed
that concentrations of EGCG used in anti-angiogenesis
experiments are usually lower than those in anti-cancer
experiments, thus strongly supporting the concept that
EGCG represents a potent angiogenic inhibitor and
EGCG has dual anti-angiogenesis and anti-cancer activities.
EGCG might mainly act as an angiogenic inhibitor in vivo,
and this might in part explain the discrepancy between
cell line and animal model studies. The concentration of
EGCG tested in cell line system usually is 10-100 μmol/L,
or higher. It is much higher than that observed in plasma
or tissues of animals or human beings after ingestion of
tea or related tea preparations for the poor bioavailability
of EGCG[27].
As an angiogenic inhibitor targeting tumor-induced
angiogenesis, EGCG might have some advantages over
conventional cytotoxic chemotherapy for genetic stability
of endothelial cells and abnormality of tumor vasculature.
EGCG is less likely to induce drug resistance and has
little or no toxicity. During the treatment, EGCG treated
mice did not show weight loss or unusual behavior,
histopathological examination also did not reveal any
detectable toxicity to liver or kidney (data not shown),
suggesting that EGCG at the concentrations used does
not cause any detectable toxicity. Previous studies also
showed that EGCG induces apoptosis and cell cycle arrest
in many cancer cells without affecting normal cells[28]. It
was reported that EGCG has anti-cancer effect without
any severe side effects[29]. Taken together, as a natural and
non-toxic product, EGCG might be a promising candidate
for anti-angiogenic treatment of gastric cancer.
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Abstract
AIM: To investigate the inhibitory effect of a specific
small survivin interfering RNA (siRNA) on cell
proliferation and the expression of survivin in human
gastric carcinoma cell line SGC-7901.
METHODS: To knockdown survivin expression, a
small interfering RNA targeting against survivin was
synthesized and transfected into SGC-7901 cells with
TM
lipofectamine 2000. The downregulation of survivin
expression at both mRNA and protein levels were
detected by reverse transcription-polymerase chain
reaction (RT-PCR) and Western blot analysis. Cell
proliferation inhibition rates were determined by methyl
thiazolyl tetrazolium (MTT) assay. The effect of survivin
siRNA on cell cycle distribution and cell apoptosis was
determined by flow cytometry (FCM).
RESULTS: RNA interference could efficiently suppress
the survivin expression in SGC-7901 cells. At 48 h after
transfection, the expression inhibition rate was 44.52%
at mRNA level detected by RT-PCR and 40.17% at
protein level by Western blot analysis. Downregulation
of survivin resulted in significant inhibition of tumor cell
growth in vitro . The cell proliferation inhibition rates at
24, 48 and 72 h after survivin siRNA and non-siliencing
siRNA transfection, were 34.06%, 47.61% and 40.36%,
respectively. The apoptosis rate was 3.56% and the
number of cells was increased in G 0/G 1 phase from
38.2% to 88.6%, and decreased in S and G2/M phase at
48 h after transfection.
CONCLUSION: Downregulation of survivin results
in significant inhibition of tumor growth in vitro . The
inhibition of survivin expression can induce apoptosis
of SGC-7901 cells. The use of survivin siRNA deserves
further investigation as a novel approach to cancer
therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Sur vivin was initially identified as a member of the
inhibitor of apoptosis protein (IAP) family. Up to the
present, overexpression of survivin has not been reported
in differentiated normal tissues with exception of thymus,
basal colonic epithelium endothelial cells and neural
stem cells during angiogenesis [1]. However, the highly
specific expression of survivin was found in many human
cancers, including gastric cancer. By inhibiting apoptosis
and promoting mitosis, survivin facilitates cancer cell
survival and growth[2-6]. Several studies have revealed that
survivin as an indispensable factor can regulate and assist
completion of cytokinesis[7-10]. Recently, it has been also
proven that overexpression of survivin can protect cells
from apoptosis by inhibiting pro-apoptotic caspases-3 and
caspases-7; when acting as a microtubule stabilizer during
mitosis, it promotes cell cycle progression as well [11-14].
In addition, Asanuma K et al [15] reported that survivin
enhanced the expression of the Fas ligand in cancer cells
through up-regulation of specific protein-1-mediated gene
transcription, and enabled cancer cells to counter-attack
immune cells by inducing FasL-triggered apoptosis of cells
in the immune surveillance system.
RNAi is a genetic interference phenomenon that is
effective for suppressing gene expression. It involves
post-transcriptional gene silencing via a process in which
double-stranded RNA (dsRNA) inhibits gene expression
in a sequence-dependent manner through degradation of
the corresponding mRNA. Its blocking action on gene
expression has been successfully observed in rat and
human cells cultured in vitro, and the knockdown of genes
in cells has been achieved[16,17].
In the present study, siRNA targeting to the survivin
gene was introduced into gastric carcinoma cell line
SGC-7901, which overexpresses survivin. Its effect on
cancer cell growth was investigated.
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MATERIALS AND METHODS
Cell lines and culture
Human gastric carcinoma cell line SGC-7901 was a
present from Dr. Wei Liu. The cells were cultured in
RPMI 1640 medium supplemented with 100 mL/L fetal
bovine serum (FBS), 8 × 105 U/L penicillin and 0.1 g/L
streptomycin in humidified incubator containing 50 mL/L
CO2 at 37℃.
siRNA preparation and transfection of short interfering
RNA
siRNA oligonucleotides with two thymidine residues (tt)
at the 3’ end of the sequence were designed for survivin
(sense, 5’-GCAUUCGUCCGGUUGCGCUtt-3’antisense,
5’-AGCGCAACCGGACGAAUGCtt-3’). Cells were
treated in parallel with a non-silencing-siRNA (sense, 5’-U
UCUCCGAACGUGUCACGUtt-3’; antisense, 5’-ACGUG
ACACGUUCGGAGAAtt-3’) as control oligonucleotides
were synthesized by Shanghai Genechem Co. These cells
were cultured in medium without antibiotics, and 24 h
before transfection resulting in a confluence of the cell
monolayer by 50%-70%. Specific survivin siRNA or nonsilencing siRNA (70 nmol) were mixed with lipofectamine
TM
2000 (Invitrog en) according to manufacturer’s
recommendation and added to the cells. After 6 h at 37℃,
the medium was changed, and the cells were cultivated in
RPMI 1640 supplemented with 10% heat-inactivated FBS.
3-(4, 5-methylthiazol-2-yl)-2, 5-diphenyl-tetrazolium
bromide (MTT) assay
SGC-7901 cells (5 × 105) were placed onto 96-well plates
in RPMI-1640 containing 10% FBS in a final volume of
0.1 mL. The next day, the cells were treated with siRNA.
MTT was added (20 μL/well of 5 g/L solution in PBS)
after culture for 24 h, 48 h and 72 h. When incubated at
37℃ for 4 h, the reaction was stopped by addition of
100 μL DMSO. The reaction product was quantified by
measuring the absorbance at 490 nm using an ELISA
reader (WALLAC 1420 VICTOR 2, Victor Co, Finland)
and Software HT-Soft (Perkin-Elmer). All samples were
assayed repeatedly in six wells.
Reverse transcription polymerase chain reaction
SGC-7901 cells (5 × 105) were seeded onto 6-well plates.
Total RNA was extracted 48 h after transfection using
trizol reagent. Reverse transcription was performed using
one step RT-PCR kit. The primers of human survivin
were 5’-GGACCGCCTAAGAGGGCGTGC-3’ (forward
primer) and 5’-AATGTAGAGATGCGGTGGTCCTT-3’
(reverse primer). The primers of human β-actin were 5’
-GTGGGCATGGGTCAGAAG-3’ (forward primer) 5’
-GAGGCGTACAGGGATAGCAC-3’ (reverse primer).
Thermal cycle conditions were as follows: 42℃ for 30
min, 94℃ for 2 min, followed by 28 cycles of 94℃ 15 s,
55℃ 30 s, 72℃ 1 min, with a final extension at 72℃ for
10 min. RT-PCR products were visualized by ethidium
bromide-stained agarose gels.
Western immunoblot analysis
SGC-7901 cells (5 × 105) were seeded onto 6-well plates.
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Forty-eight hours after transfection, cells were collected
and washed twice by cold PBS, and each well was treated
with 50 μL lysis buffer (2 mmol/L Tris-HCl pH 7.4, 50
mmol/L NaCl, 25 mmol/L EDTA, 50 mmol/L NaF,
1.5 mmol/L Na 3 VO 4 , 1% Triton X-100, 0.1% SDS,
supplemented with protease inhibitors 1 mmol/L phen
ylmethylsulfonylfluoride, 10 mg/L pepstatin, 10 mg/L
aprotinin, and 5 mg/L leupeptin) (all from Sigma). Protein
concentrations were determined using the bicinchoninic
acid protein assay. Equal amounts of protein (40 μ g)
were separated on a 15% SDS polyacrylamide gel and
transferred to a nitrocellulose membrane (Hybond C,
Amersham, Freiburg, Germany). Membranes were blocked
in 5% nonfat dry milk in TBS for 1 h at room temperature
and probed with rabbit antisurvivin antibodies (dilution,
1:500 Santa Cr uz Biotechnolog y, USA) over night
at 4℃. After 3 times washing with TBS containing
0.1% Tween 20, membranes were incubated with antirabbit IgG-horseradish-peroxidase (1:5000, Santa Cruz
Biotechnology, USA), and developed by luminol mediated
chemiluminescence (Appylgen Technologies Inc, China).
To confir m equal protein loading, membranes were
reprobed with a 1:1000 dilution of an anti-actin antibody
(Santa Cruz Biotechnology, USA). Densitometric analyses
were performed using Scion Image software.
Flow cytometry
SGC-7901 (5 × 105) cell lines were seeded in triplicate onto
6 well-plates, and cultured in RPMI-1640 supplemented
with 100 mL/L FBS. When transfected for 48 h, the cells
were collected and washed with ice-cold PBS, and fixed
in 70% ethanol overnight at 4℃. The fixed cells were
pelleted, washed in PBS, resuspended in PBS containing
0.1 mg/mL of propidium iodide, and analysed by flow
cytometry.
Statistical analysis
Data were expressed as mean ± SD. All statistical analyses
were performed using the SPSS 10.0 software package
for Windows (SPSS Inc., Chicago, IL). One-way ANOVA
followed by Bonferroni correction was used to compare
the data among three or more groups. A value of P < 0.01
was considered statistically significant.

RESULTS
Expression of survivin gene in SGC-7901 cells
To examine the specific effect of survivin siRNA treatment
on survivin expression in SGC-7901 line, the survivin
mRNA and protein expression levels were determined
quantitatively with RT-PCR and Western blot analyses,
respectively. Results are displayed in Figure 1 and Figure 2.
Survivin mRNA and protein were strongly expressed in
gastric cancer SGC-7901 cells as reflected by RT-PCR and
Western blot. The inhibition rate of survivin mRNA after
transfection with specific survivin siRNA was 44.52%. The
inhibition rate of survivin protein after transfection with
specific survivin siRNA was 40.17%. Survivin expression
was decreased significantly at 48 h after transfection with
specific survivin siRNA.
www.wjgnet.com
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Figure 2 Western blot assay of survivin protein expression in SGC-7901 cells. A:
Survivin protein expression in Western blot assay; B: Survivin protein expression
in SGC-7901.1: untreated; 2: non-silencing siRNA; 3: survivin siRNA. Data are
expressed as mean ± SD of three experiments, survivin siRNA group vs nonsilencing siRNA group, bP < 0.01; survivin siRNA group vs untreated group, bP <
0.01.

Table 1 Effects of treatment with survivin-siRNA on cell cycle
distribution and apoptosis 48 h after transfection
Groups

3
1.0

b

0.25

0.00

Figure 1 Expression of survivin mRNA in different groups of SGC-7901 cells. A:
Survivin mRNA expression in RT-PCR assay; B: Survivin mRNA expression in
SGC-7901. 1: treated with survivin siRNA; 2: treated with non-silencing siRNA; 3:
untreated. Data are expressed as mean ± SD of three experiments, survivin siRNA
group vs non-silencing siRNA group, bP < 0.01 ; survivin siRNA group vs untreated
group, bP < 0.01.

Cell viability (OD 490 nm)

Number 8

Cell
G0/G1

Untreated
Non-silencing
Sur-siRNA

38.21 ± 3.39
42.53 ± 2.78
88.60 ± 4.04b

cycle
S

47.71 ± 2.73
43.28 ± 4.12
12.00 ± 3.42b

G2/M
14.00 ± 0.92
14.20 ± 2.90
0.10 ± 0.07b

Apoptosis rate
0.83 ± 0.34
1.08 ± 0.33
3.56 ± 0.91b

Data are expressed as mean ± SD of the three experiments, sur-siRNA group vs
non-silencing group, bP < 0.01; sur-siRNA group vs untreated group, bP < 0.01.

0.6
0.4

34.06%, 47.61% and 40.36%, respectively.

0.2
0.0
24 h

24 h

24 h

Figure 3 Effects on cell viability after non-silencing siRNA and survivin siRNA
treatment. 1: untreated; 2: non-silencing siRNA; 3: survivin siRNA. Data are
expressed as mean ± SD, survivin siRNA group vs non-silencing siRNA group, bP
< 0.01; survivin siRNA group vs untreated group, bP < 0.01.

Effect of survivin siRNA on cell proliferation of gastric
cancer cells
To determine whether inhibition of survivin affects cell
proliferation in SGC-7901, metabolic activity at 24, 48, and
72 h was determined by the MTT assay. The cell viability
was reduced significantly after treatment with specific
survivin siRNA (P < 0.01) at 24, 48, and 72 h as compared
with non-silencing siRNA treatment or untreated controls
(Figure 3). The cell proliferation inhibition rates were
www.wjgnet.com

Effect of survivin siRNA on cell cycle distribution and
apoptosis
Survivin has been reported to express in the G2/M
phase of the cell cycle and to contribute to the aberrant
progression of cancer cells through mitosis. In our
study, in comparison of non-silencing siRNA group
and untreated controls, specific survivin siRNA caused
accumulation in the G 0/G 1 phase, and decreased the
number of cells of G2/M phase and increased hypodiploid
DNA content (P < 0.01) at 48 h after transfection.
Apoptosis rate was 3.56% in the group of specific survivin
siRNA transfection (Table 1).

DISCUSSION
The balance between apoptosis and anti-apoptosis signal
pathways plays a role in the pathogenesis of a variety of
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cancers. It has been demonstrated that the inhibition of
apoptosis promotes the mitotic progression in cancer
cells [18]. Based on its specific overexpression in a vast
majority of solid cancers and its anti-apoptotic function,
sur vivin represents a suitable target for antitumor
approaches. The inhibition of survivin would block the
anti-apoptosis and mitotic progression in tumor cells[19], as
a result, tumor development is suppressed. So, survivin has
attracted considerable attention as a novel member of IAP
family.
RNAi is an evolutionarily conserved phenomenon in
which gene expression is suppressed by the introduction
of homologous double-stranded RNAs (dsRNAs).
Synthetic siRNA can trigger an RNA interference response
in mammalian cells and induce strong inhibition of specific
gene expression[20]. Therefore, it can be used as a powerful
approach to silence mammalian gene expression for gene
function studies[21-24].
Since survivin is important for the survival of various
human tumors, survivin siRNA could become an effective
therapeutic agent for tumors with overexpression of
survivin. Survivin has been successfully down-regulated by
RNAi in some previous studies[25-29]. However, the downregulation of survivin expression by RNAi in gastric
cancer SGC-7901 cells has not been performed until now.
In addition, it is reported that the effect of RNAi
may be greatly different, targeting to different sequence
of the gene[30-32]. It is therefore, very important to find
the proper sequence. The sequence designed by Williams
et al[26] has been confirmed effective in their research. So
in our study, we synthesized this siRNA duplex with a
thymidine overhang on 3’ terminus in vitro to diminish the
survivin expression of gastric carcinoma SGC-7901 cell
line and to impair its growth potential. We observed that
SGC-7901 cells transfected with survivin siRNA grew
slowly as compared with the control groups. Survivin
siRNA showed anti-proliferation function. RT-PCR and
Western blot findings demonstrated that survivin mRNA
and protein expression were reduced by over 40%, and
survivin gene was blocked in SGC-7901 cells transfected
with surviving siRNA at the level of transcription and
protein expression. Flow cytometry revealed that the cell
growth inhibition by survivin siRNA was a result of cell
cycle arrest at G0/G1-phase and induction of apoptosis
indicated by increased hypodiploid DNA content. The
possible mechanism is that survivin is characterized by cell
cycle dependent expression, i.e., it is expressed in G2/M.
Ito and co-workers transfected survivin into four human
hepatocellular carcinoma cell lines and found that the
number of cells in G0/G1 was remarkably reduced, and the
number of cells in S or G2/M increased. In our study, after
SGC-7901 cells were transfected with survivin siRNA, the
number of cells in G0/G1 was remarkably increased, and
the number of cells in S or G2/M decreased. The effect
showed the same mechanism. However, in the study by
Kappler and co-workers, five human sarcoma cell lines
transfected with specific survivin siRNA showed G2/M
arrest[26]. Ning et al[33] also abserved a specific G2/M arrest
when using survivin-directed siRNA as a gene therapeutic
approach to human bladder cancer cells. The reason
remains unclear, and it may be due to different cell lines.
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The above-mentioned findings confirm that chemically
synthesized siRNAs can specifically block survivin gene
expression, inducing cell apoptosis and inhibiting the
growth of carcinoma cells.
In conclusion, our data suggest that survivin gene can
be regarded as a very good target gene in genetic therapy
for gastric carcinomas and the use of survivin siRNA
deserves further investigations as a novel approach to
cancer therapy.
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Abstract
AIM: To investigate the growth inhibitory mechanism of
NS-398, a selective cyclooxygenase-2 (COX-2) inhibitor,
in two hepatocellular carcinoma (HCC) cell lines (HepG2
and Huh7).
METHODS: HepG2 and Huh7 cells were treated with
NS-398. Its effects on cell viability, cell proliferation,
cell cycles, and gene expression were respectively
evaluated by water-soluble tetrazolium salt (WST-1)
assay, 4’-6-diamidino-2-phenylindole (DAPI) staining,
f l o w c y t o m e t e r a n a l y s i s , a n d We s t e r n b l o tt i n g ,
with dimethyl sulfoxide (DMSO) as positive control.
RESULTS: NS-398 showed dose- and time-dependent
g r o w t h - i n h i b i t o r y e ffe c t s o n t h e t w o c e l l l i n e s .
Proliferating cell nuclear antigen (PCNA) expressions in
HepG2 and Huh7 cells, particularly in Huh7 cells were
inhibited in a time- and dose-independent manner.
NS-398 caused cell cycle arrest in the G1 phase with cell
accumulation in the sub-G1 phase in HepG2 and Huh7
cell lines. No evidence of apoptosis was observed in two
cell lines.
CONCLUSION: NS-398 reduces cell proliferation by
inducing cell cycle arrest in HepG2 and Huh7 cell lines,
and COX-2 inhibitors may have potent chemoprevention
effects on human hepatocellular carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide [1]. Although HCC is
significantly more prevalent in Asia and Africa, a rising
incidence has been reported in Western countries. Most
patients present at an advanced stage when successful
surgical treatment is no longer feasible and current
therapeutic options achieve clinical responses in only a
small percentage of cases. As a consequence, effective
approaches for prevention and treatment need to be
established.
Epidemiological and experimental studies have
demonstrated the effect of non-steroidal anti-inflammatory
drugs (NSAIDs) in the prevention of human cancers,
especially those in the gastroenterological tract [2-4] .
Epidemiological studies have shown that the rate of
mortality of colorectal cancer in individuals taking
NSAIDs is 40%-50% lower than that in non-users [4].
NSAIDs inhibit endogenous prostaglandin synthesis. The
key step in the enzymatic conversion of arachidonic acid
to prostaglandins is catalyzed by cyclooxygenases (COX),
and represents the specific target of NSAIDs.
Two forms of cyclooxygenase, COX-1 and COX-2
have been identified. COX-1 is expressed constitutively
in most tissues and appears to be responsible for
prostaglandin production in various physiological
functions such as platelet aggregation and maintenance
of gastric mucosa. In contrast, COX-2 is induced by
several inflammatory cytokines and growth factors[5] and
frequently over-expressed in various tumor cells. Selective
COX-2 inhibitors do not affect platelet aggregation or
bleeding time and cause far fewer acute gastric erosions
than several nonselective inhibitors. Therefore, selective
COX-2 inhibitors such as celecoxib and NS-398 are
preferable to nonselective COX-2 inhibitors.
The role of COX-2 in hepatocellular carcinogenesis
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is still unclear. Previous studies have shown increased
expression of COX-2 in patients with various liver
diseases, suggesting its possible role in chronic liver disease
and during HCC progression[6-8]. In addition, some studies
have described the possible benefits of treatment with
COX-2 inhibitors as indicated by their effects on human
HCC cell lines[8-10]. However, contrasting results have also
been reported about the expression of COX-2 or the
effects of COX-2 inhibitors on HCC cell lines[11]. COX-2
may be a logical therapeutic target in various human
cancers including HCC. However, information regarding
the mechanisms involved in these effects is scant and
sometimes contradictory[12-15].
In this study, we examined the effects and possible
mechanism of NS-398, a selective COX-2 inhibitor in two
human hepatoma cell lines, HepG2, and Huh7.

MATERIALS AND METHODS
Materials
Human hepatoma cell lines HepG2 (showing wild-type
p53) and Huh7 (showing mutant-type p53) were obtained
from the American Type Culture Collection (Rockville,
MD, USA). Each cell line was cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Invitrogen, Carlsbad,
CA) supplemented with 10% fetal bovine serum (FBS),
essential amino acids, 100 units/mL penicillin (Invitrogen),
and 100 µg/mL streptomycin (Invitrogen, Carlsbad, CA).
All cells were maintained in a humidified atmosphere
containing 950 mL/L air and 50 mL/L CO 2 at 37℃.
NS-398 was purchased from Cayman Chemical (Ann
Arbor, MI, USA) and dissolved in dimethyl sulfoxide
(DMSO).
Cell viability assay
To evaluate the inhibitory growth effect of NS-398,
we confirmed its cytotoxicity and proliferating activity
by water-soluble tetrazolium salt (WST-1) assay (Roche
Diagnostics, Mannheim, Germany). The WST-1 assay
is a colorimetric method in which the dye intensity is
proportional to the number of viable cells. Cells were
seeded into 96-well microtiter plates at a concentration of
5 × 103 cells/well. After 12-h incubation, cells were treated
with serum-free media containing various concentrations
of NS-398 (0, 50, 100, and 200 µmol/L) for 24, 48, and
72 h. Because we used DMSO-dissolved NS-398, cells
cultured in the serum-free media containing an equivalent
volume of DMSO without NS-398 respectively were used
as controls to ensure DMSO not to promote unwanted
cellular effects. The final concentration of DMSO was
< 0.3%. After incubation, the cells were washed with
PBS and the cell proliferation reagent WST-1 was added
with cell culture medium, and incubated for 4 h. Sample
absorbence was analyzed using a bichromatic ELISA
reader at 450 nm. All experiments were performed in
triplicate.
Nuclei staining and FACS analysis
Characterization of apoptosis and/or necrosis was carried
out after propidium iodide (PI) and Annexin V-FITC
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staining with apoptosis detection kitⅠ(Pharmingen, San
Diego, CA, USA) followed by flow cytometric analysis
after 24, 48 and 72 h of 100 µmol/L NS-398 treatment
in HepG2 and Huh7 according to the manufacturer’
s instructions. For histogram analysis after PI staining,
the cells were fixed with 70% ethanol in PBS for 15 min
at -20℃. The fixed cells were incubated with RNase A
(100 µg/mL) for 30 min at 37℃ and then stained with
PI (50 mg/mL in PBS). Fluorescence of individual nuclei
and intact cells was determined using a FACScalibur flow
cytometer (Beacton Dickinson, San Jose, CA).
For detection of apoptosis, cells were washed twice
with ice cold PBS and stained simultaneously with FITCconjugated Annexin V and PI for 20 min on ice in the
dark with a binding buffer. Within the next hour, cells were
analyzed for apoptosis. The total number of apoptotic
cells was determined by calculation of Annexin V+ and
PI-cells (reflecting early apoptosis) together with annexin
V+ and PI+ cells (reflecting late apoptosis/secondary
necrosis).
DAPI staining
4’-6-diamidino-2-phenylindole (DAPI), a DNA-binding
fluorescent dye, was used to determine whether the
mechanism of growth inhibition upon NS-398 treatment
is apoptosis. After treatment with 100 μmol/L NS-398 for
0, 24, 48, and 72 h, the cells were washed three times with
PBS, fixed in a 3.7% formaldehyde solution for 10 min,
fixed once in 1 mL of methanol, and then stained with
4 µg/mL DAPI (Oncor, Gaithersburg, MD) for 10 min.
Results were determined by visual observation of nuclear
morphology via fluorescence microscopy.
Immunoblot analysis
HepG2 and Huh7 cells were seeded on 100-mm dishes at a
density of 1.5 × 106 cells/dish. After seeding and overnight
incubation, cells were serum-starved for 24 h and incubated
in serum-free media with 100 µmol/L NS-398 for 0, 24,
48 and 72 h. Attached and floating cells were harvested
together. Cells cultured in the same condition without
NS-398 were used as controls. Proteins extracted from
either treated or control cells were measured by Bradford
assay, and subjected to SDS-PAGE. The proteins were then
transferred electrophoretically to nitrocellulose membrane
(Schleicher & Schuell, Dassel, Germany) at 100 V for
1 h at 4℃. To stain the proteins and to validate that equal
amounts of protein were loaded in each lane and transferred
efficiently, the membrane was immersed in 0.5% Ponceau S
(Sigma Chemical Co., St. Louis, MD) in 1% acetic acid. The
membrane was washed three times with TBS containing
0.1% Tween 20 (TBS-T). After blocking with 5% skim milk
in TBST buffer for 1 h, the membrane was incubated with
primary antibodies (anti-mouse COX-2 antibody, 1:500;
anti-rabbit caspase-9, caspase-3 and caspase-8, 1:1000; antimouse poly [ADP-ribose] -polymerase (PARP) antibody,
1:1000; anti-mouse proliferating cell nuclear antigen (PCNA)
antibody, 1:1000 and anti-mouse β-actin antibody, 1:2500)
overnight at 4℃. The membrane was incubated with
secondary antibodies for 1 h and detected with ECL reagent
(Amersham-Pharmacia, UK).
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Figure 1 Immunoblot analysis for COX-2 protein levels in HepG2 and Huh7
cells. Cells were treated with 100 μmol/L NS-398 for 0, 24, 48 and 72 h. Control
cells were treated with DMSO without NS-398. The upper bands represent 72
kDa COX-2-specific staining while the lower bands are β-actin controls. COX-2
expression was detectable but low in both cell lines. Decreased changes were
observed in COX-2 expression with increasing time.

Statistical analysis
One-way analysis of variance (ANOVA) was performed to
test the differences in cellular proliferation and apoptosis
of the two cell lines treated with different NS-398
concentrations for varying times. P < 0.05 was considered
statistically significant. Data were analyzed using the
Statistical Package for Social Sciences (SPSS) (version 11.0).

RESULTS
Inhibition of COX-2 expression by NS-398
We first characterized the hepatoma cell lines by their
expression of COX-2. Samples containing 50 µ g of
extracted protein were loaded onto the gel. Immunoblot
analysis revealed that both cell lines expressed COX-2
protein. The expression of COX-2 was inhibited by
NS-398. Immunoblot analysis also demonstrated different
COX-2 expressions after treatment with 100 µ mol/L
NS-398 for different periods of time (Figure 1).
Inhibition of HepG2 and Huh7 cell viability by NS-398
To determine the effect of the selective COX-2 inhibitor
NS-398 on He pG2 and Huh7 cells, cell viability
was determined by WST-1 assay. Growth-inhibitory
experiments were performed by treating cells with various
doses of NS-398 for different periods of time. As shown
in Figure 2, NS-398 reduced cell viability in a time- and
dose-dependent manner on both cell lines. However,
treatment with only DMSO as a control did not alter
HepG2 and Huh7 cell proliferation (P > 0.05).
No evidence of apoptosis was observed in two cell lines
To confirm that NS-398 induces apoptosis of COX-2expressing HepG2 and Huh7 cells, a double-staining
method using FITC-conjugated Annexin V and PI, DAPI
staining and Western blotting were done. In the Annexin
and PI staining, the percentages of apoptotic and necrotic
cells at 0, 24, 48 and 72 h after 100 µmol/L of NS-398
treatment were not significantly different in HepG2
and Huh7 cells (Figure 3). Moreover, no condensed and
fragmented nuclei were found in DAPI staining (data not
shown). Immunoblot analysis showed that there was no
activation of caspase-3, caspase-8, caspase-9 and PARPs
in HepG2 and Huh7 cells treated with 100 µmol/L of
NS-398 (Figure 4). Taken together, NS-398 did not induce
apoptosis in HepG2 and Huh7 cells.

1177

NS-398 suppressed cell proliferation by inducing cell
cycle arrest, especially in Huh7 cell lines
To test the effects of NS-398 on cellular proliferation,
the two HCC cell lines were treated with 100 µ mol/L
of NS-398. We detected PCNA protein by IB analysis.
As shown in Figure 5, both cell lines showed a downregulation of PCNA expression after treatment with
100 μmol/L of NS-398 in a time dependent manner. In
particular, NS-398 treatments significantly suppressed the
cellular proliferation in Huh7 cells.
To determine whether suppressions of proliferation
in Huh7 cells induced by NS-398 are associated with cellcycle arrest, we measured DNA content by flow cytometry.
We observed that the population of cells in sub-G1
phase increased after 100 µmol/L NS-398 treatment in
both cell lines for different periods of time. A significant
correlation was observed between the growth inhibition
and accumulation of cells in sub-G1 phase for Huh7 at
48 h (Figure 6).

DISCUSSION
COX-2 is involved in several pathological processes such
as inflammation and cancer, and inhibition of apoptosis is
regarded as one mechanism by which COX-2 contributes
to tumorigenesis. Recent studies demonstrated that
selective COX-2 inhibitors (including NS-398) which
can inhibit cell proliferation or induce apoptosis are
found not only in HCC cell lines but also in colorectal[2,3],
esophageal [14], bladder [15], prostatic [16], lung [17], cervix [18]
carcinoma cells.
Over-expression of COX-2 has been demonstrated
in patients with HCC and high COX-2 expression in
non-tumor liver tissue is significantly associated with
inflammator y activity [6,8,19] . These findings indicate
that COX-2 expression plays an important role in
hepatic inflammation and malignant transformation of
hepatocytes [20]. However, the key mechanism by which
COX-2 affects HCC cell growth remains unclear.
In this study, we detected the expression of COX-2
protein in HepG2 and Huh7 cells by Western blotting.
Decreased changes in COX-2 protein expression were
observed during the course of growth inhibition by
NS-398 treatment (Figure 1). Our findings sug gest
that the growth-inhibitory effect on hepatocellular
carcinoma cell lines is dependent on COX-2 expression[10].
However, several other studies have shown that there is
no correlation between COX-2 expression and growthinhibitory effects induced by NSAIDs[9,11,21].
NS-398-induced inhibition of cell growth is both doseand time-dependent (Figure 2). The association of COX-2
inhibition with suppression of tumor cell proliferation
remains unclear in HCC. Our findings demonstrate that
NS-398 may inhibit cell growth in a dose- and timedependent manner, due to the result of evident cell
cycle arrest at G1 (Figures 2 and 6)[11]. Decreased PCNA
expression supports the finding of a reduced number
of cells in S phase by cell cycle analysis, which is an
important event in cell cycle arrest of HepG2 (wildtype p53) and Huh-7 (p53-220Cys) induced by NS-398.
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Figure 2 Proliferation of HepG2 and Huh7 cells inhibited by NS-398. A: Time-dependent growth-inhibitory effect of NS-398. One hundred μmol/L NS-398 was added to
HepG2 and Huh7 cells, which were cultured for 24, 48 or 72 h, and subjected to WST-1 assay. Absorbance was detected at 450 nm with an ELISA plate reader, and the
growth rates of both cell lines treated with NS-398 were reduced compared to controls. Control cells were treated with an equivalent volume of DMSO without NS-398,
respectively; B: Dose-dependent growth-inhibitory effect of NS-398. Cells treated with various concentrations of NS-398 were cultured for 72 h, and quantified by WST-1
assay. Data from 3 independent experiments are shown as e mean ± SD (aP < 0.05).
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Figure 3 Flow cytometric analysis after exposure of HepG2 (A) and Huh7 (B) cells to NS-398. Cells were treated with 100 μmol/L NS-398 for 24, 48, and 72 h, stained with
annexin V-FITC and propidium iodide and analyzed on a FACScalibur flow cytometer. Quadrants 2-4 represent secondary necrotic cells, viable cells, and apoptotic cells,
respectively.

In particular, NS-398 treatment significantly suppressed
Huh7 proliferation. Recent reports indicate a complex
relationship between the tumor suppressor p53 and
www.wjgnet.com

COX-2[22,23]. While wild-type p53 over-expression leads
to increased COX-2 levels[24], opposite effects where p53
inhibits COX-2 transcription have been reported[25]. Thus,
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different chemosensitivity to the selective COX-2 inhibitor
NS-398 might be associated with different p53 status,
including Huh-7 (mutated p53) and HepG2 (wild-type p53).
Several other studies, however, have shown that
NS-398 inhibits cell proliferation and induces apoptosis
via caspase-dependent or caspase-independent pathway
in hepatoma cell lines[7,26,27]. But in our experiments, we
obtained all negative data in Western blots and DAPI
staining. This discrepancy may be due, at least in part, to
sub-clone variation and different culture conditions[9,28].
Alteration of apoptosis is considered an important
mechanism of carcinogenesis[21,26]. Caspases can be divided,
based on their activity, into initiator caspases (caspase-8
and -9) and effector caspases (caspases-3, -6 and -7). In our
study, no definite evidence of apoptosis was found after
NS-398 treatment of both cell lines, suggesting that the
major mechanism of growth inhibition by NS-398 may be
anti-proliferation by cell cycle arrest rather than apoptosis.
In conclusion, selective COX-2 inhibitor, NS-398,
inhibits the growth of HepG2 and Huh7 cells by inducing
cell cycle arrest and is a potential candidate as an effective
chemopreventive tool against human HCC.
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Abstract
AIM: To investigate the hemodynamic changes in a
precancerous lesion model of hepatocellular carcinoma
(HCC).
METHODS: Hemodynamic changes in 18 Wistar rats
were studied with non-invasive magnetic resonance (MR)
perfusion. The changes induced by diethylnitrosamine
(DEN) developed into liver nodular lesions due to hepatic
cirrhosis during the progression of carcinogenesis.
The MR perfusion data [positive enhancement integral
(PEI)] were compared between the nodular lesions
corresponding well with MR images and pathology and
their surrounding hepatic parenchyma.
RESULTS: A total of 46 nodules were located by MR
imaging and autopsy, including 22 dysplastic nodules
(DN), 9 regenerative nodules (RN), 10 early HCCs and
5 overt HCCs. Among the 22 DNs, 6 were low-grade
DN (LGDN) and 16 were high-grade DN (HGDN). The
average PEI of RN, DN, early and overt HCC was 205.67
± 31.17, 161.94 ± 20.74, 226.09 ± 34.83, 491.86 ±
44.61 respectively, and their liver parenchyma nearby
was 204.84 ± 70.19. Comparison of the blood perfusion
index between each RN and its surrounding hepatic
parenchyma showed no statistically significant difference
(P = 0.06). There were significant differences in DN
(P = 0.02). During the late hepatic arterial phase, the
perfusion curve in DN declined. DN had an iso-signal
intensity at the early hepatic arterial phase and a low
signal intensity at the portal venous phase. Of the 10
www.wjgnet.com

early HCCs, 4 demonstrated less blood perfusion and
6 displayed minimally increased blood flow compared
to the surrounding parenchyma. Five HCCs showed
significantly increased blood supply compared to the
surrounding parenchyma (P = 0.02).
CONCLUSION: Non-invasive MR perfusion can detect
changes in blood supply of precancerous lesions.
© 2007 The WJG Press. All rights reserved.

Key words: liver; perfusion; magnetic resonance imaging;
rat
Guan S, Zhao WD, Zhou KR, Peng WJ, Tang F, Mao J.
Assessment of hemodynamics in precancerous lesion of
hepatocellular carcinoma: Evaluation with MR perfusion.
World J Gastroenterol 2007; 13(8): 1182-1186

http://www.wjgnet.com/1007-9327/13/1182.asp

INTRODUCTION
The changes of blood flow in dysplastic and regenerative
nodules in patients with hepatic cirrhosis have been
evaluated in previous studies with computed tomography
(CT) arterial portog raphy (CTAP) and CT hepatic
ar teriog raphy (CTHA) techniques [1-3] . It has been
demonstrated that during the late stage of hepatic
cirrhosis, sequential hemodynamic changes in blood
supply of dysplastic nodules lead to the development of
early hepatocellular carcinoma (HCC). The main portal
venous blood supply of these nodules gradually changes
into the hepatic arterial supply. However, invasive methods
require simultaneous catheterization of hepatic artery and
superior mesentery artery to inject contrast enhancement
substances. Because of their invasiveness, these methods
have limited clinical application. With the development
of techniques, especially the reduction of scanning time,
magnetic resonance imaging (MRI) following intravenous
injection of extracellular contrast agents has recently been
described and validated to assess perfusion parameters in
liver[4-7]. With this method, the contrast agent in blood flow
of arterial and portal vein can be measured non-invasively.
The purpose of this study was to assess experimentally
whether MR perfusion can demonstrate the hemodynamic
changes of liver nodular lesions.
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MATERIALS AND METHODS
Animal model
The study protocol was reviewed and approved by the
Institutional Committee for Animal Care of Fudan
University. Experiments were performed on 18 6-wk
old male Wistar rats weighing 150 ± 10 g (Experimental
Animal Center of Fudan University, Shanghai, China). All
animals were housed in independent ventilating cabinets
(IVC) at 18-22℃ with 55% humidity in a 12 h light/dark
cycle with free access to clean diet. Lesions in rats were
induced by diethylnitrosamine (DEN, 0.99 mg/ml, Sigma,
USA) in order to develop hepatocellular carcinoma during
carcinogenesis. The animals received DEN (10 mg/kg per
day) in drinking water at 0.01% g/L from a fresh DEN
solution prepared every two days for 100 d.
Magnetic resonance imaging
A 1.5 Tesla magnetic resonance (MR) system with a
40 mT/m maximum gradient capability (TwinSpeed,
Excite II, double gradient field, General Electric, USA)
and 3-inch surface coil was employed and two rats were
scanned every week from the 12th wk to the 20th wk
after they were exposed to carcinogen. The rats were
deeply anesthetized with a mixture of urethane (25%) and
diazepam (2 mg) before MR scanning. Plain scanning was
performed first in order to show the position of nodules,
including sequences of 3-planar-localization scanning, axial
and coronal T2 weighted scanning (T2WI), and axial T1
weighted (T1WI) scanning (in-phase and out-phase).
MR perfusion scanning was only performed on the
nodules of interest demonstrated by T2WI. Fast spoiled
gradient-echo sequence (FSPGR) was selected and
the time resolution was 4 sections/2 s. Major protocol
parameters included TR/TE: 5.8-8 ms/4-2.7 ms; band
width: 31.3-19.2 kHz; section thickness: 2 mm; intersection
gap: 0.5 mm; matrix: 128 × 128; excitation time: 1; FOV: 8.
The time of acquisition of perfusion-weighted images was
at the 8th phase after the starting point of tail vein bolus
injection of diluted gadolinium (0.1 mmol/ml, Magnevist;
Schering, Guangzhou, China) (0.2 mmol/kg). The total
scaning time was 2 min.
Pathological analysis
Within 24 h after MR imaging, the rats were killed and
their liver was removed at autopsy. The whole liver was
serially sectioned into 1 mm-thick sections corresponding
to the coronal plane MR image. The sections were
fixed in a 10% formalin solution for 48 h and paraffinembedded. Standard hematoxylin-eosin staining was used
to assess the nature of nodules and immunohistochemical
staining was performed for reticulin protein, CD31, CD34
antibodies. Transmission electron microscopy was also
performed to study the ultrastructure of hepatic cancer
cells. Pathologic diagnosis was made by two specialists
independently and all nodules were defined grossly and
microscopically following the criteria and nomenclature of
the International Working Party on the Terminology of
Nodular Hepatocellular Lesions[8].
Image evaluation
Data processing was performed at a workstation with

Table 1 Average of PEI in nodules and adjacent parenchyma
		

PEI

RN		
DN		
eHCC		
HCC		
Parenchyma

205.67
161.94
226.09
491.86
204.84

SD

t

P

31.17
20.74
34.83
44.61
70.19

5.30
3.64

0.06
0.02a

3.74

0.02a

a

P < 0.05.

AW 4.2 software package (General Electric, USA). Signal
intensity and time curves were derived from manually
drawing regions of interest (ROIs) on nodules and
surrounding hepatic parenchyma. Positive enhancement
integral (PEI) representing the blood perfusion could be
obtained by setting the start (8th) and end (12th) phases.
Values were expressed as mean ± SD. Statistical analysis
was performed with SPSS 11.0. Perfusion data between
nodules and parenchyma nearby were compared with t
test. P < 0.05 was considered statistically significant.

RESULTS
A total of 46 nodules were located by MR imaging
and autopsy, including 22 dysplastic nodules (DN), 9
regenerative nodules (RN), 10 early HCCs and 5 overt
HCCs. Among the DN (2-7 mm, average 4.6 mm), 6
were low grade DN (LGDN) and 16 were high grade DN
(HGDN). The average positive enhancement integral (PEI)
of DN, early and overt HCCs was 205.67 ± 31.17,161.94
± 20.74,226.09 ± 34.83, 491.86 ± 44.61 respectively,
and their adjacent liver parenchyma was 204.84 ± 70.19
(Table 1).
By comparing the blood perfusion index between
nodules and their surrounding hepatic parenchyma, we
found no difference in RN (t = -5.303, P = 0.06) showing
the same signal intensity as its adjacent parenchyma at
both hepatic artery phase and portal vein phase of MR
perfusion. There were significant differences in dysplastic
nodules (t = -3.63, P = 0.02) which manifested decreased
blood perfusion. At the later phase of hepatic artery,
the perfusion curve in DN declined when compared
with surrounding parenchyma. DN showed an iso-signal
intensity at hepatic artery phase and a low signal intensity
at portal vein phase (Figure 1).
Of the 10 early HCCs, 4 manifested low perfusion
and the average PEI value was smaller than that of
adjacent parenchyma, showing an iso-signal intensity at
the phase of artery and a low signal intensity at portal
vein phase. The PEI values were higher in 6 early HCCs
than in parenchyma nearby, which had a relatively higher
signal intensity at hepatic artery phase and a low signal
intensity at portal vein phase (Figure 2). Five overt HCCs
had a remarkably higher signal intensity at hepatic artery
phase and their perfusion curves ran up when compared
with the surrounding parenchyma at early artery phase.
The PEI value of HCC was much higher than that of
adjacent parenchyma and the difference was significant
(t = 3.74, P = 0.02) (Figure 3).
www.wjgnet.com
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Figure 1 DN showing a high signal intensity on
T2, but not on T1 and PWI.
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T1-pre-CE

T1-A

T1-P

T2

T1-delay

Figure 2 Early HCC showing an iso-signal
intensity on T1, a high signal intensity on T2 or
on T2 coronal.

T1

T2

T1-A

T1-P

T1-delay

DISCUSSION
There is cumulative evidence that RN at the late stage
of hepatic cirrhosis can develop into HCC through an
intermediate step of DN which has been considered as
a precancerous lesion by the International Working Party
since 1995 [8,9], even though the hepatocarcinogenesis
has not been clarified thoroughly. Early detection
of HCC is critical to patient treatment and survival
because of improved surgical techniques for resection
and transplantation and new alternative therapeutic
options, such as transcatheter chemoembolization or
radiofrequency ablation. For surveillance of patients at
www.wjgnet.com

risk, accurate methods capable of revealing not only HCC
but also the premalignant precursor, namely DN, are
required.
T he imaging characteristics of DN have been
previously reported [10-12] . However, the diagnosis of
precancerous lesions is still difficult because of the
overlapping between DN and RN, DN and early HCC on
ultrasound, CT and MRI. Meanwhile, some researchers
demonstrated that RN has almost the same blood flow
as liver, which is mainly supplied by portal vein, and
hepatic artery accounting for only a small part of total
blood flow[13]. When RN progresses into DN, the blood
flow in most parts of DN decreases (mainly portal vein
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Figure 3 HCC showing an iso/low-signal
intensity on T1WI, a hyper-intensity on T2.
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blood supply) compared with surrounding parenchyma,
and HCC always has increased blood flow (mainly hepatic
artery blood supply) than its adjacent parenchyma. Until
now this change has been regarded as the key-point
to differentiate the nodules in liver. CTAP and CTHA
are considered the best ways to make their differential
diagnosis. But the application is limited in clinical practice
due to their invasiveness. Non-invasive methods at
present mainly focus on multi-detector spiral CT, MRI,
PET and harmonic ultrasound[14-17]. To our knowledge,
hemodynamic changes in hepatic nodules studied with MR
perfusion have not been previously reported.
In the present study, MR perfusion demonstrated
hemodynamic changes during the transition of RN to DN,
early and overt HCC. The results obtained by ultra-fast MR
perfusion scanning are consistent with those by invasive
methods of CTAP or CTHA[18]. Moreover, hepatic artery
segment of the perfusion curve in nodules declined slightly
compared with surrounding parenchyma at the stage of
HGDN and early HCC, suggesting that the preexisting
hepatic artery is destructed in nodules. Otherwise, the
positive enhancement integral representing the total blood
flow would show polarization during this period. Part of
them presented as increased blood flow (6/10 in early
HCC; 5/16 in HGDN), but decreased blood flow was
also observed at the same time in others (4/10 in early
HCC; 11/16 in HGDN). The results of our pathology
showed that the blood vessels in DN (including HGDN
and LGDN) decreased compared with its surrounding
hepatic parenchyma, and an increased number of tumor
vessels were seen in HCC and even in early HCC.
However, sinusoidal capillarization inside the nodules
became gradually prominent during the process from RN,
LGDN to HGDN and finally to HCC. This discrepancy
cannot be clearly explained at present. The explanation of
this phenomenon and the answer to its relationship with
the alteration of nodular characteristics, and whether it

corresponds with the different changes in tumor cells or in
microvessles, depend on further pathologic studies.
The main advantage of MR perfusion is that this
procedure provides ample information not only on the
hemodynamic changes of nodular lesions in liver, but also
on the parenchyma of the tumor. Therefore, this technique
may be more valuable for the differential diagnosis of
nodules in liver. The sequence we used in this study was
fast spin gradient echo (FSPGR) which is as fast as echoplanar imaging (EPI). The ratio of time resolution was
0.5 s/section, but its signal-noise ratio (SNR) and spatial
resolution were much higher than those of EPI, suggesting
that this sequence is suitable for liver MR perfusion.
Nowadays, although CT perfusion (CTP) and PET
are also used to study the hemodynamics, MR perfusion
shows more advantages when small nodular lesions in
liver and precancerous lesion of HCC are analyzed. It has
been reported that MRI is more sensitive than CT and
PET in revealing the small nodules in liver, especially in
the hepatic parenchyma with the background of serious
cirrhosis[19,20]. Moreover, MR perfusion has no side effects
of radiation and has a better prospect than CT in study of
hemodynamics. However, both MR imaging and CT have
their technical defects at present. The scan of perfusion
could only focus on ROI of one or several sections and
could not cover the whole liver, while nodular lesions liver
are usually multiple and located in different lobes., thus
limiting its application in clinical practice. Newly developed
harmonic ultrasound showing the vascular structure
inside nodules more clearly, may have a broader prospect.
Reports on the application of this technique in liver are
few and further investigation is needed[21].
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rank test). The comethylation of p 16 and MGMT genes
was significantly associated with lower aggressiveness of
the disease even when K-ras mutations were included in
the analysis as an independent variable.
CONCLUSION: Our data suggest that comethylation
of promoters of p 16 and MGMT genes could have a
prognostic value in patients with CRC. Specifically,
concurrent methylation of both genes correlates with
better prognosis.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the significance of p 16 and O 6methylguanine-DNA methyltransferase (MGMT ) genes
promoter hypermethylation and K-ras mutations on
colorectal tumorigenesis and progression.
METHODS: p 16 and MGMT methylation status was
examined on 47 tumor samples, and K-ras mutational
s t a t u s wa s e x a mine d o n 85 t umo r s a mple s . Fo r
methylation analysis, a methylation specific PCR (MS-PCR)
method was used.
RESULTS: p 16 and MGMT promoter methylation was
found in 51% (24/47) and 43% (20/47) of CRCs,
respectively, and the K-ras mutation was found in 44%
(37/85) of CRCs. Comethylation of p 16 and MGMT genes
was significantly associated with lower aggressiveness
of the disease within a two-year period of observation.
Only 27% of patients with simultaneous p 16 and
MGMT methylation showed the detectible occurrence of
metastasis and/or death, compared to 67% of patients
without double methylation or with no methylation (3/11
vs 22/33, P < 0.05, χ2-test). In addition, p 16 and MGMT
comethylation showed a trend toward an association
with longer survival in patients with CRCs (35.5 ± 6.0 mo
vs 23.1 ± 3.2 mo, P = 0.072, Log-rank test). Progression
of the disease within a two-year period was observed in
66% of patients carrying the K-ras mutation, compared
to only 19% of patients with wild type K-ras (29/44 vs
2
7/37, P < 0.001, χ -test). The presence of the K-ras
mutation significantly correlated to shortened overall
survival (20.0 ± 1.9 mo vs 37.0 ± 1.8 mo, P < 0.001, Log-

Krtolica K, Krajnovic M, Usaj-Knezevic S, Babic D, Jovanovic
D, Dimitrijevic B. Comethylation of p 16 and MGMT genes
in colorectal carcinoma: Correlation with clinicopathological
features and prognostic value. World J Gastroenterol 2007;
13(8): 1187-1194
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INTRODUCTION
Point mutations in the K-ras gene are among the most
common genetic features of colorectal cancers (CRCs)[1].
In addition to mutational changes, epigenetic mechanisms
also play an important role in the pathogenesis of this
tumor type. The main epigenetic modification observed
in the human genome is methylation of cytosine residues
within CpG dinucleotides. Aberrant de novo methylation
of CpG islands within the promoter region may lead
to silencing of gene transcription through a complex
process involving chromatin condensation and histone
deacetylation [2,3] . Epigenetic silencing through DNA
methylation can begin very early in tumor progression and
may affect multiple genes involved in different cellular
pathways, including cell cycle control, DNA repair and
many others[4,5].
Inactivation of cell cycle regulatory genes, such as
p16, confers a selective growth advantage to affected
cells. This tumor suppressor gene encodes a cyclinde pendent kinase inhibitor, which is critical for
maintaining the retinoblastoma (Rb) protein in its active,
www.wjgnet.com
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non-phosphorylated state in the cyclin D-Rb pathway[6].
Promoter hypermethylation may lead to transcriptional
inactivation of p16 resulting in abnormal cell cycling and
uncontrolled cell growth, which are the hallmarks of
cancer cells[7].
In addition, epigenetic modification can cause inactivation
of DNA repair genes, such as O6-methylguanine-DNA
methyltransferase (MGMT) [8]. MGMT is a DNA repair
protein that removes mutagenic and cytotoxic alkyl
adducts from the O6 position of guanine[9]. In the absence
of MGMT activity, the adducts are not removed allowing
the O6-alkyl guanine to mispair with thymine during DNA
replication, resulting in a G-to-A transition[10]. This kind
of mutation may accumulate in the genes specifically
associated with particular tumor types, such as K-ras in
CRCs[9].
The literature suggests that hypermethylation of
p16 and MGMT genes occurs as frequently in CRCs as
previously reported for the K-ras gene[7,11,12]. Epigenetic
changes usually begin very early in carcinogenesis, are
potentially reversible, and can advance to gene alterations.
For this reason, detection of aberrant methylation can be
important for early diagnosis, prognosis and treatment of
patients affected by this disease[5,13].
In the present study, we analyzed the methylation
status of p16 and MGMT gene promoters in patients
with primary CRC and compared the frequency of these
changes with the occurrence of the K-ras gene mutations.
In addition, we evaluated the correlation of these gene
alterations with standard clinicopathological parameters,
such as Dukes’ stage, differentiation, location, histological
and macroscopical type of tumor, patient gender and
age. We also examined the possible correlation between
these gene alterations and some immunohistochemical
parameters that are known to be indicators of cell
transformation, migration and metastasis of tumor cells.
These parameters include altered expression of adhesive
molecules E-cadherin and CD44, decrease or loss of
laminin, which is a major component of epithelial basal
membrane, and increased proliferate activity of the
neoplastic cell. The ultimate aim of this study was to
evaluate the influence of these genetic and epigenetic
changes on disease progression and patient survival.

MATERIAL AND METHODS
Patients and tumor specimens
Tumor material in the form of formalin-fixed and paraffinembedded tissue was obtained from 85 patients who
underwent radical surgical resection (R0) at the Institute
for Pathology and Forensic Medicine, Military Medical
Academy, Belgrade. All patients gave informed consent
prior to specimen collection according to institutional
guidelines. None of the patients had preoperative or
postoperative chemotherapy. The progression of the
disease (occurrence of metastasis or/and death) was
monitored during the two-year period following surgery,
and survival over a five-year period was estimated. Mean
follow-up was 31, 4 mo (range, 2 to 66 mo).
Tumor tissue chosen for analysis was routinely
processed and microscopically examined for the regions
www.wjgnet.com
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enriched in neoplastic cells. Several 10 μm sections with
neoplastic cell content greater than 85% were taken from
each specimen and used for direct in vitro amplification of
the K-ras gene by polymerase chain reaction (PCR). For
K-ras mutational analysis, the sample of 47 was augmented
with 38 samples from our previous study[14]. For analysis
of p16 and MGMT methylation status, DNA was isolated
from 47 samples.
Analysis of mutation status of the K-ras gene
Sections (10 μm thick) of the formalin-fixed and paraffinembedded tumor specimens were de-paraffined and kept
under 70% ethanol at 4℃ until PCR. In vitro amplification
of 111-bp DNA fragments encompassing codons 12
and 13 of the K-ras gene was performed on tissue from
sections as described by Almoguera et al [15]. Detection
of K-ras mutations was performed on 85 patients with
primar y CRC by a highly selective oligonucleotide
hybridization technique, as described earlier [14] . Two
specimens were analyzed by single strand conformation
polymorphism (SSCP) electrophoresis.
Analysis of methylation status of the p16 and MGMT
genes
DNA methylation patterns in the promoter CpG islands of
the p16 and MGMT genes were determined in 47 samples
by methylation-specific PCR (MSP) following the bisulfite
modification of isolated genomic DNA, as described
by Herman et al[16], with some modifications[17]. Briefly,
DNA was isolated from deparaffined tumor specimens
using standard Proteinase K, phenol/chloroform/isoamyl
alcohol extraction, and ethanol precipitation. Two μ g
of isolated DNA were denatured by NaOH (final 0.3
mmol/L) at 42℃ for 30 min and modified by sodium
bisulfite (5.20-5.69 mol/L, pH 5.0, Sigma, USA) for 4
hr at 55℃. After incubation, DNA was purified using
the DNA extraction KIT (MBI Fermentas, Lithuania),
again treated by NaOH (final 0.3 mol/L), at 37℃ for 20
min, precipitated with ethanol/ammonium acetate and
resuspended in 40 μL of 1 mmol/L Tris-HCl, pH 8.0.
Aliquots of 4 μL of bisulfite modified DNA were used
for MSP reactions. The PCR mixture contained 1 x PCR
buffer (16 mmol/L ammonium sulfate, 67 mmol/L TrisHCL, pH 8.8, 10 mmol/L 2-mercaptoethanol), 6.7 mmol/
L MgCl2, dNTP (each at 1.25 mmol/L) and primers (300
ng each per reaction) in a final volume of 50 μL. Reactions
were hot-started at 95℃ for 5 min before the addition of
1.25 units of Taq polymerase (MBI Fermentas, Lithuania).
Amplification was carried out in a Hybaid OmniGene
temperature cycler for 35 cycles (30 s at 95℃, 30 s at
the adequate annealing temperature, and 30 s at 72℃),
followed by a final extension for 4 min at 72℃. Primers
for a methylated and unmethylated promoter of the p16
[16]
gene were used from Herman
and for the MGMT
[8]
gene from Esteller et al . The annealing temperatures
for unmethylated and methylated p16 amplification
were 60℃ and 65℃, respectively, whereas the annealing
temperature for both unmethylated and methylated
MGMT amplification was 57℃. Controls without DNA
were performed for each set of PCRs. Modified DNA
from the human lymphoma cell line Raji (ECACC No:
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Immunohistochemistry
Immunohistochemistry was performed using the labeled
streptavidin-biotin method (LSAB Kit+, Dako, Denmark)
with microwave pretreatment for antigen retrieval.
Endogenous peroxidase activity was blocked by incubating
with 3% H2O2. Sections were then incubated with primary
monoclonal antibodies against E-cadherin (HECD-1,
Zymed Laboratories, San Francisco, USA), CD44 (Clone
DF 1485, Dakocytomation, Denmark) and Laminin (4C7,
Dakocytomation, Denmark) and Proliferation Cell Nuclear
Antigen-PCNA (PC-10, Dakocytomation, Denmark) in
optimal concentrations. Amino-ethyl carbazole was used
as chromogen and finally Mayer’s hematoxylin was used
for counterstaining. The presence of a positive reaction in
some normal tissue structures served as a positive control.
Negative controls were prepared by replacing the primary
antibody with Tris-buffered saline.
Immunostaining (membrane cytoplasmic immunoreactivity) for CD44 was calculated as the percentage of
positive tumor cells in relation to the total number of
tumor cells in representative fields. The presence of
less then 10%, from 10% to 50%, and for more than
50% of positive tumor cells of CD44 were considered
as low, moderate and extensive expression, respectively.
Present, heterogenous and absent expression in the case
of E-cadherin were distinguished. The loss of laminin
immunoreactivity at the tumor-stroma borders was
considered according to a three-point semiquantitive scale
as follows: in more than 75%, between 25%-75% and in
less than 25% of glandular structures. The PCNA index
was considered to be low if less than 10% of tumor cell
nuclei were positive, moderate for 10%-50%, and high for
more than 50% of PCNA positive tumor cell nuclei.
Statistical analysis
Contingency tables were analyzed using Pearson′s χ2-test
or Fisher′s exact two-tailed test (F-test), when expected
frequencies were lower than five. Continuous variables
were compared with the use of Student′s t-test. Overall
survival distributions were estimated by the KaplanMeier method and differences were evaluated by the Logrank test. The data was fitted to Cox′s proportional risks
regression model. In all tests, a P value less than 0.05 were
considered as statistically significant.

RESULTS
K-ras mutations, p16 and MGMT promoter methylation in
primary colorectal carcinomas
We detected K-ras mutations in 44% (37/85) of patients
with CRC. The distribution of mutations was 57%
(21/37) of G-to-T transversions, 32% (12/37) of G-to-A
transitions and 11% (4/37) of G-to-C transversions. In
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10 μL of each PCR reaction were directly loaded on to
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Figure 1 Analysis of p16 (A) and MGMT (B) gene methylation by MSP.
The presence of a visible PCR product in lanes U indicates the presence of
unmethylated genes of p16 (151 bp) and MGMT (93 bp); the presence of product
in lanes M indicates the presence of methylated genes of p16 (150 bp) and MGMT
(81 bp). The samples of colorectal carcinoma 1, 2 and 4 show p16 promoter
hypermethylation, while 6, 8 and 9 show MGMT promoter hypermethylation.
NL-normal lymphocytes as a positive control for unmethylated alleles; Rajicommercial cell line as a positive control for methylated alleles; St-molecular
weight marker (50 bp).

codons 12 and 13, we detected mutations in 73% (27/37)
and 27% (10/37), respectively.
Aberrant methylation of p16 and MGMT genes was
detected in 51% (24/47) and 43% (20/47) of patients,
respectively. Representative examples of the methylation
analysis are shown in Figure 1A and B.
Of the total number of cases analyzed for methylation,
45% (21/47) had a mutant K-ras gene. Simultaneous
alterations of K-ras and p16 genes were detected in
26% (12/47) of tumors. These events seemed to occur
independently, as estimated by a χ2-test (results not shown).
The type of mutation at K-ras did not show a significant
association with the p16 methylation by an F-test, although
55% (6/11) of samples with the hypermethylated p16
promoter carried G-to-T transversions in K-ras.
Simultaneous occurrence of K-ras mutation and
MGMT methylation was detected in 21% (10/47) of the
patients. Our results showed that MGMT methylation is
significantly associated with a G-to-A transition in the
K-ras gene (P = 0.01, F-test). This type of oncogene
transition mutation occurs in 67% (6/9) of tumors
carrying MGMT methylation, in contrast to only 10%
(1/10) of tumors without MGMT methylation, but with
the same type of K-ras mutation.
Concurrent methylation of p16 and MGMT genes was
detected in 11 out of 47 (23%) cases, while simultaneous
K-ras, p16 and MGMT alterations were present in 6 out of
47 cases (13%). Methylation of p16 and MGMT as well as
K-ras mutation vs comethylation of p16 and MGMT genes
seemed to occur independently as assessed by a χ2-test
(results not shown).
Correlation of K-ras mutations and hypermethylation
of p16 and MGMT genes with clinicopathological and
immunohistochemical parameters
We further examined correlation between genetic and
epigenetic alterations and some clinicopathological and
www.wjgnet.com
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Table 1 Association between p 16 and MGMT methylation, K-ras
mutations and clinicopathological features of colorectal cancer

Variable
Gender
Female
Male
Dukes’ stage
A
B
C
D
Differentiation
Poor
Moderate
Well
Macrosopic type2
Polypoid
Flat
Histological type2
Mucinous
Tubular
Location2
Proximal
Distal
Progression (2 yr)1,3
Metastasis or/and
death
Without progression

Methylation (%)
Mutations (%)
p16 (n = 46)
MGMT (n = 46) K-ras (n = 84)
9/15 (60.0)
15/31 (48.4)

7/15 (46.7)
13/31 (41.9)

15/23 (65.2)a
22/61 (36.1)

5/9 (55.5)
7/10 (70.0)
8/15 (53.3)
4/12 (33.3)

5/9 (55.5)
4/10 (40.0)
8/15 (53.3)
3/12 (25.0)

8/21 (38.1)
12/24 (50.0)
17/39 (43.6)4

15/25 (60.0)
8/18 (44.4)
1/3 (33.3)

10/25 (40.0)
10/18 (55.5)
0/3 (0)

18/44 (40.9)
16/26 (61.5)
3/14 (21.4)

11/23 (47.8)
13/23 (56.5)

14/23 (60.7)a
6/23 (26.1)

25/48 (52.1)
12/35 (34.3)

8/19 (42.1)
16/27 (59.3)

6/19 (31.6)
14/27 (51.8)

16/34 (47.1)
21/49 (42.8)

3/3 (100)
21/43 (48.8)

1/3 (33.3)
19/43 (44.2)

5/9 (55.5)
32/74 (43.2)

11/25 (44.0)

9/25 (36.0)

29/44 (65.9)b

12/19 (63.1)

11/19 (57.9)

7/37 (18.9)

Complete clinicopathological data were missing on one sample of colorectal
cancer, and it was only included in analysis of genetic alterations; aP < 0.05;
b
P < 0.001 (all P values were revealed by χ2-test ); Data are missing on two1
subjects for p16 and MGMT methylation status analysis, and on one2 and
three3 subjects for K-ras mutation analysis, respectively. 4Data for C and D
Dukes’ stages are considered together for K-ras mutation analysis.

immunohistochemical parameters that might be important
for disease prognosis in CRC patients. The results of these
analyses are summarized in Tables 1 and 2.
The presence of K-ras mutations was significantly more
frequent in female than in male patients (P < 0.05, χ2-test,
Table 1). In addition, the average age of female patients
carrying K-ras mutations was 53.3 ± 11.8 years, which
was significantly lower (P < 0.01, t -test) than the average
age for males with K-ras mutations (64.1 ± 8.7 years). As
presented in Table 1, there was no significant association
between the presence of the K-ras mutations and other
clinicopathological features. However, the presence of
K-ras mutations correlated significantly with the lack
of E-cadherin expression, extensive expression and
cytoplasmic type of CD44 antigen, decreased expression
of laminin and the high PCNA index (P < 0.001 by χ2-test
in all cases; Table 2). These correlations were independent
of the type of K-ras mutation, except in the case of
E-cadherin, where the lack of expression of this adhesive
molecule showed a significant correlation with the G-to-T
transversions (P < 0.05, χ2-test, results not shown).
p16 methylation was not associated with any of the
variables considered, as presented in Table 1 and 2, though
p16 methylation tended to be more prevalent in tumors not
expressing E-cadherin (P < 0.1, χ2-test). Methylation of
MGMT gene was significantly more prevalent in polyploid
than in flat colorectal carcinomas (P < 0.05, χ 2-test,
www.wjgnet.com
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Table 2 Association between p 16 and MGMT methylation,
K-ras mutations and immunohistochemical features of colorectal
cancer

Variable
E-cadherin1,3
Absent
Heterogeneous
Present
CD44 expression1,3
Absent
Low
Moderate
Extensive
CD44 type2,4
Membranous
Cytoplasmic
Laminin1,3
0-25%
25%-75%
> 75%
PCNAi1,3
0
0-10%
10%-50%
> 50%

Methylation (%)
p16 (n = 46)
MGMT (n = 46)

Mutations (%)
K-ras (n = 84)

13/19 (68.4)
4/14 (28.6)
6/11 (54.5)

9/19 (47.4)
7/14 (50.0)
4/11 (36.4)

28/37 (75.7)b
4/23 (17.4)
4/21 (19.0)

7/11 (63.6)
6/9 (66.7)
2/7 (28.6)
8/17 (47.0)

6/11 (54.5)
4/9 (44.4)
4/7 (57.1)
6/17 (35.3)

4/22 (18.2)
5/17 (29.4)
4/10 (40.0)
23/32 (71.9)b

9/17 (52.9)
13/26 (50.0)

7/17 (41.2)
12/26 (46.1)

9/36 (25.0)
27/44 (71.9)b

5/8 (62.5)
5/12 (41.7)
13/24 (54.2)

5/8 (62.5)
5/12 (41.7)
10/24 (41.7)

2/15 (13.3)
5/22 (22.7)
29/44 (65.9)b

1/2 (50.0)
5/9 (55.5)
6/9 (66.7)
11/24 (45.8)

2/2 (100)
4/9 (44.4)
5/9 (55.5)
9/24 (37.5)

0/2 (0)
3/17 (17.6)
3/20 (15.0)
30/42 (71.4)b

Complete immunohistochemical data were missing on one sample of
colorectal cancer, and it was only included in analysis of genetic alterations;
b
P < 0.001 (all P values were revealed by χ 2-test ); Data are missing on
two1 and three2 subjects for p16 and MGMT methylation status analysis,
respectively, and on three3 and four4 subjects for K-ras mutation analysis,
respectively.

Table 1). There was no significant association between
MGMT methylation and any other clinicopathological
features studied. In addition, comethylation of p16 and
MGMT genes did not correlate with any clinicopathological
or immunohistochemical parameters considered.
Survival analysis
In this study, we also monitored the progression of
the disease in the two-year period following surgery.
Methylation of p16 and MGMT genes, when they were
considered separately, showed slight but insignificant
correlation with slower progression of disease (Table 1).
However, during that period, only 27% (3/11) of patients
with simultaneous p16 and MGMT methylation showed
the occurrence of metastasis and/or death, compared to
67% (22/33) of patients without this double or any gene
methylation (P < 0.05, χ2-test, Figure 2A).
This association was preserved and was even higher
(P < 0.01, F-test, Figure 2B) when K-ras mutations
were included as an independent variable. Namely, the
progression of the disease occurred in only 2 of 6 (33%)
patients with p16 and MGMT comethylation and K-ras
mutations, while disease recurred in 13 of 14 (93%)
patients with the K-ras mutation, but with only one
methylated or both unmethylated genes. However, when
both genes were unmethylated in the presence of the
mutant K-ras gene, it was observed that all 4 patients from
this group exhibited the progression of the disease within
two years, compared to only 2 of 6 patients with p16 and
MGMT comethylation and K-ras gene mutations (P = 0.076,
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Figure 2 Graphical distribution of progression of the disease in the two-year
period, as a function of simultaneous p16 and MGMT methylation status (A);
simultaneous p16, MGMT methylation and mutated K-ras gene compared either to
no simultaneous or any methylation of two genes (B) or to unmethylated both (C),
respectively.

F-test, Figure 2C).
When the analyzed group was augmented with 38
patients from our previous study on CRC[14], we observed
the progression of disease within a two-year period in 66%
(29/44) of patients carrying the K-ras mutation, compared
to only 19% (7/37) of patients with the wild type K-ras
gene(P < 0.001, χ2 test, Table 1).
The Kaplan-Meier analysis of the few-year survival
rate revealed a slight but insignificant influence of p16
and MGMT gene methylation on longer overall survival
when the alterations of these genes were considered
separately (results not shown). However, simultaneous
p16 and MGMT methylation showed a trend toward
association with longer survival in patients with CRCs
who underwent curative surgery (P = 0.072, Log-rank-test,
Figure 3A), as the median survival for these patients was
35.5 ± 6.0 mo in contrast to 23.1 ± 3.2 mo for patients
without simultaneous or any methylation of examined
genes. Multivariate analysis revealed that p16 and MGMT
comethylation had no prognostic value without additional
variables. By the same analysis, the presence of K-ras
mutations significantly correlated to shortened overall
survival (20.0 ± 1.9 mo vs 37.0 ± 1.8 mo) for 85 patients
included in the analysis (P < 0.001, Log-rank test, Figure
3B). However, a Kaplan-Meier analysis considering
simultaneous presence of K-ras mutations according to
the methylated status of p16 and MGMT was not possible
because there was a small number of samples.

DISCUSSION
The significance of p16 and MGMT methylation for tumor
formation and progression, as well as correlation with the
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Figure 3 Overall survival among the patients with CRC according to the
methylation status of p16 and MGMT genes (A), and mutational status of K-ras
gene (B). Overall survival is longer in the group of the patients with simultaneous
methylation of p16 and MGMT gene than in group with no simultaneous or any
methylation (P = 0.072, Log-rank test). Overall survival is significantly lower in the
group of patients with mutated K-ras than in group with unchanged, wild type K-ras
gene (P < 0.001, Log-rank test). Survival curves were constructed by KaplanMeier method.

occurrence of classical genetic changes in K-ras genes, was
the major subject of this study. While the frequency of
the genetic and epigenetic alterations in these genes was
similar to those previously reported[7,8,11,18,19], this is the first
study to assess their cumulative and individual effects on
disease progression.
W hile there was no clear association between
methylation and standard prognostic parameters in CRC,
the data obtained from survival analysis suggest that the
simultaneous methylation of p16 and MGMT genes could
be a better predictive factor for the course of disease.
The most important finding of the current study was that
comethylation of p16 and MGMT genes was significantly
associated with lower ag gressiveness of the disease
and tended to associate with longer overall survival in
patients with CRC who underwent curative surgery. More
importantly, the influence of the double gene alteration
was significant in spite of the simultaneous presence
of K-ras mutations, which is another well established
molecular marker of unfavorable prognosis in CRCs.
Consistent with our previous findings[14] and those of the
multicentric RASCAL study[20], our present results confirm
that the mutated K-ras gene is a molecular marker for the
more aggressive course of disease and was connected to
reduced overall survival. In addition, we demonstrated
www.wjgnet.com
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that K-ras mutation is strongly associated with parameters
that are indicators of poor prognosis. These include the
absence of E-cadherin expression[21], extensive expression
of the cytoplasmic type of CD44 antig en [22] , low
expression of laminin[23] and high PCNA index[24].
The functional association between the effect of
p16 and MGMT gene inactivation and K-ras mutation
on the progression of disease is not clear. Yet, in the
absence of methylation of both p16 and MGMT genes
together with the mutated K-ras, a severe form of the
disease is likely to commence. There is evidence that CRC
does not evolve through a single sequence of molecular
alterations, but evolves through different pathways. Each
of them has distinct clinical, pathological and molecular
characteristics[25]. One possible explanation for our findings
could be that the colorectal tumors without comethylation
of the two genes could arise through different mechanisms.
T hese include larg e g enetic rear rang ements a n d
chromosomal instability, with a significant degree of
gene amplification and deletion [26,27] and such changes
could be associated with a more aggressive course of
the disease as proposed by Verma and Srivastava[13]. The
other proposed pathway of colorectal carcinogenesis
involves the occurrence of microsatellite instability (MSI),
which is a phenotype resulting from alteration in the
mismatch repair genes; e.g. hMLH1 and hMLH2 [28,26].
Some authors reported a relationship between MSI and
CpG island methylator phenotype (CIMP+), as hMLH1 is
frequently inactivated by aberrant promoter methylation in
sporadic MSI-H CRCs[29]. On the other hand, the CIMP+
phenotype is described as the occurrence of simultaneous
methylation of a large number of genes, including p16 and
hMLH1[29,30]. Though the biological and clinical properties
of CIMP+ CRCs remain largely unknown, there is no
longer doubt that those epigenetic changes mark a distinct
group of tumors that have unique molecular profiles and
etiology. More over, Wynter et al[31] demonstrated that there
are at least two pathways for colorectal carcinogenesis,
both implicating CIMP-high status. One g roup of
tumors arises through BRAF mutations and hMLH1
methylation, and another with K-ras instead of BRAF
mutations and with MGMT instead of hMLH1 promoter
hypermethylation. Whitehall et al [32] demonstrated that
methylation of MGMT has been linked to low levels of
MSI (MSI-L) and Samowitz et al [33] demonstrated that
the appearance of K-ras mutations is rare in high level
MSI-H CRC. It is also known that MSI-H CRC associated
with a CIMP+ phenotype is mostly located within the
proximal colon [27,29]. In our study, all but three tumors
have been located within the distal colon, so we can only
speculate that they may not belong to the MSI-H group.
We propose that in our group of analyzed patients who
mostly have distal CRC, comethylation of p16 and MGMT
genes together with other molecular changes suggest a
pathway in signal transduction that could increase survival.
Importantly this is in spite of the opposing effect of K-ras
mutations. It would, therefore, be interesting to determine
the MSI phenotype in this patient population in order to
establish a possible association with observed genetic and
epigenetic alteration.
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Though all these questions cannot be fully resolved in
the present study, our results confirm the multifactorial
nature of cancer development, highlighting the molecular
differences across the various classes of lesions, and
exclude a single linear model of accumulating genetic
alterations. In this report, we describe the association of
concurrent methylation of p16 and MGMT genes with
the course of disease in unselected group of CRCs. At
this point, it must be noted that we did not analyze a large
group of patients. However, the size of our study is still
large enough to interpret the results correctly.
While some studies reported a correlation between
promoter hypermethylation of the p16 gene and prognosis
in patients with colorectal cancers[34-38], others observed
no significant role of p16 methylation as a prognostic
factor [30] . In addition, Nagasaka et al [39] found that
methylated MGMT was significantly related to lower risk
of recurrence in CRC. They proposed that colorectal
tumors with methylated MGMT are less ag gressive
than tumors without such epigenetic change. Liang et
al [34] proposed that geographical differences or other
unknown factors supplementary to p16 methylation might
increase tumor aggressiveness. Considering these and our
previous results[14], we speculate that different geographic,
environmental, and lifestyle factors could affect the genesis
and clinical behavior of CRCs with different molecular
profiles. Nevertheless, prospective studies that incorporate
a larger number of genes and environmental factors
are required to determine the relative contribution of
each factor to the risk of developing CRCs with specific
epigenetic and genetic profiles. We further support the
notion that precise determination of molecular changes
in CRCs is needed in order to overcome the risk of
oversimplifying the role of a single or few genetic or
epigenetic changes in tumorigenesis. Such analysis,
supplemented by the conventional study of prognostic
factors, introduces quality to prognostication of patients
with CRC and aids the design of more efficient treatment
modalities.
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COMMENTS
Background

Colorectal carcinogenesis is a multistep process in which the progressive
accumulation of genetic and epigenetic changes leads to a malignant
transformation of normal epithelial cells of colon and rectum. Point mutations in
K-ras gene are among the most common genetic features of colorectal cancers.
In the past decade it has been shown that methylation of the promoter region of
many tumor suppressor and DNA repair genes, such as p16 and MGMT has the
important role in pathogenesis of this tumor type too, but its influence on disease
progression remain inconclusive.

Research frontiers

Epigenetic changes usually begin very early in carcinogenesis, they are potentially
reversible, and they can advance to gene alterations. For this reason, detection of
aberrant methylation can be important for early diagnosis, prognosis and treatment

Krtolica K et al . Comethylation of p 16 and MGMT genes in CRC
of patients affected by this disease.

Innovations and breakthroughs

Comethylation of p16 and MGMT genes was significantly associated with lower
aggressiveness of disease within two-year period of observation (P < 0.05), and
showed the trend toward the association with longer survival in patients with CRCs
(P = 0.072). On the other hand, the presence of K-ras mutations was associated
with higher aggressiveness and shortened overall survival (P < 0.001). The
comethylation of p16 and MGMT genes was significantly associated with lower
aggressiveness of disease even when K-ras mutations were included in analysis
as an independent variable (P < 0.01). This is the first attempt to assess the
cumulative and individual effect of these genes on the disease progression.

Applications

The results presented in this article have demonstrated that the precise
determination of molecular changes in CRCs is needed in order to overcome the
risk of oversimplifying the role of single or a few genetic or epigenetic changes
in tumorigenesis. In addition, this study underlines the need for considering the
different geographic, environmental, and lifestyle factors that could affect the
genesis and clinical behavior of CRCs with different molecular profiles. Prospective
studies supplemented by the conventional study of prognostic factors, could
improve the quality and accuracy of patients prognosis and aid design of the more
efficient treatment modalities.

Terminology

Epigenetic changes: heritable changes in gene function that do not include the
changes in DNA sequence. DNA methylation: the addition of a methyl group to a
cytosine residue that lies next to guanine within CpG dinucleotides. Aberrant de
novo methylation of CpG islands within the promoter region may lead to silencing
of gene transcription through a complex process involving chromatin condensation
and histone deacetylation. CpG islands: CpG rich areas located in the promoter
regions of many genes. Methylation-specific PCR (MSP): amplification of modified
DNA by sodium bisulfite that converts unmethylated cytosines to uracils, while
methylated cytosines remains unmodified.
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Peer review

The authors found some interesting findings where they showed that patients
with tumors where both promoters were methylated showed less death and had
longer survival rates than patients with unmethylated promoters. The data is
straightforward and convincing. The authors address a clinically relevant issue
on CRC prognosis. They have also demonstrated initial and unique findings
examining K-ras, p16 and MGMT modifications and patient outcome.
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two groups of patients. Moreover, SVR patients displayed
more variability in the NS5A region than NR patients.
CONCLUSION: These results suggest that detailed molecular analysis of the NS5A region may be important for
understanding its function in IFN response during HCV
1b infection.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To evaluate the implication of substitutions in the
hepatitis C virus (HCV) non-structural 5A (NS5A) protein
in the resistance of HCV during mono-interferon (IFN)
or combined IFN-ribavirin (IFN-R) therapy. Although
NS5A has been reported to interact with the HCV RNAdependent RNA polymerase, NS5B, as well as with many
cellular proteins, the function of NS5A in the life cycle of
HCV remains unclear.
METHODS: HCV quasispecies were studied by cloning and sequencing of sequential isolates from patients
infected by HCV genotype 1b. Patients were treated by
IFN-α2b for 3 mo followed by IFN-α2b alone or combined IFN-R therapy for 9 additional months. Patients
were categorized intro two groups based on their response to the treatments: 7 with sustained virological response (SVR) (quasispecies = 150) and 3 non-responders (NR) to IFN-R (quasispecies = 106).
RESULTS: Prior to treatment, SVR patients displayed a
lower complexity of quasispecies than NR patients. Most
patients had a decrease in the complexity of quasispecies during therapy. Analysis of amino acids substitutions showed that the degree of the complexity of the
interferon sensitivity-determining region (ISDR) and the
V3 domain of NS5A protein was able to discriminate the

INTRODUCTION
In Western countries, the hepatitis C virus (HCV) is
the major cause of chronic hepatitis, cirrhosis and
hepatocellular carcinoma[1]. HCV is a RNA virus belonging
to the Flaviviridae. It has a single-stranded plus-sense
genome of approximately 9.6 kb with a single open
reading frame (ORF) encoding four structural (C, E1, E2
and p7) and six non-structural proteins (NS2, NS3, NS4A,
NS4B, NS5A and NS5B). Current combination therapy of
pegylated interferon (IFN) alpha and ribavirin (IFN-R) is
not universally effective in patients with chronic hepatitis
C; patients infected with genotypes 2 or 3 show a high rate
of sustained virological response (SVR) (90%) whereas
the HCV genotype 1 infected patients have the lowest
level of SVR (40% to 50%)[2-4]. Factors that can predict the
response to antiviral therapy are not well established; the
accepted predictive parameters are: age, sex, pre-treatment
viral load, fibrosis stage and HCV genotype[5]. Numerous
studies have been undertaken to explain the resistance of
genotype 1-infected patients to IFN therapy. Causes and
mechanisms are not well understood, but several viral
genomic regions have been suggested to antagonize the
antiviral effect of IFN alpha, such as the E2, NS3/4A and
NS5A regions[6].
The non-structural 5A (NS5A) protein is the ninth
www.wjgnet.com
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protein coded by the ORF of HCV. It has a length of
447 amino acids (aa) for genotype 1b. An interaction with
the double-stranded RNA protein kinase (PKR) has been
described for NS5A within the codons 2209 and 2274
(NS5A 2209-2274) [7-9]. This interaction can block the IFN
signalling pathway in cultured cells, and certain authors
have suggested that this mechanism may be implicated
in HCV resistance to IFN therapy. In 1995, Enomoto
et al[10] described a correlation between the number of
mutations within a 40 aa sequence of the NS5A region
and the response to IFN therapy in genotype 1b-infected
patients. This sequence has been termed the interferon
sensitivity-determining region (ISDR). These results were
then confirmed by other Japanese studies[11-15], but were
never in accordance with most Western European [16-20]
and American studies[21-23], in which most of the ISDR
sequences harbored an intermediate profile. A recent
meta-analysis focusing on the number of mutations within
NS5A ISDR confirmed the predictive usefulness of ISDR,
but a real geographical difference between Caucasian and
Asiatic patients was underlined[24].
Recently, it was suggested that NS5A protein may also
inhibit the antiviral effect of IFN in a PKR-independent
manner in a human hepatocytic cell line[25]. Furthermore,
another domain in the NS5A region, named V3
(NS5A2356-2379)[26], could also be linked to IFN resistance. It
has been suggested that mutations in the V3 domain may
correlate with IFN response[17]. However, two reports have
shown that insertion and deletion around the ISDR and
the V3 domain had no impact on HCV RNA replication in
cell culture[27,28].
In the present study, we examined mutations in the
complete NS5A region, including its ISDR, PKR binding
domain (PKRbd) and V3 domain, of HCV genotype
1b from patients treated with IFN or combined IFN-R
therapy. HCV quasispecies of ten patients were selected
for the analysis based on their response to the treatments
combined IFN-R therapy.

MATERIALS AND METHODS
Study population
We analyzed PCR products from ten HCV genotype 1b
infected patients included in a therapeutic trial[29]. Seven
of them had SVR - three early and four slow responders
according to HCV RNA clearance during therapy at mo 3
(M3) - and three were non-responders to IFN-R (NR). Patients were all studied at baseline (D0), M3 and M6, when
gene amplification was possible (positive PCR). Patients
received 6 million units of IFN-α2b three times weekly. If
HCV RNA was still detectable at M2, ribavirin was combined with IFN at M3 and continued up to M12. SVR was
defined as undetectable HCV RNA during treatment and
six months after the end of therapy (EOT). Non-SVR was
defined as detectable HCV RNA during treatment and six
months after the EOT.
HCV RNA quantification
Quantification of serum HCV RNA was performed using
VERSANT HCV RNA 3.0 assay (Bayer Diagnostics,
Emeryville, CA, USA) with a detection threshold at 615
IU/mL (2.79 log IU/mL).
www.wjgnet.com
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Table 1 Sequences of amplification and sequencing primers
Forward primers
E1
I3
S2
S4
S31
Reverse primers
AS2
AS32
I4
E2
Cloning primers
SeqS1
SeqAS2

Positions nt
5' GAGGGGGCTGTGCAGTGGATG 3'
5' TCCGGCTCGTGGCTAAGGGA 3'
5' GGATTTCCACTACGTGACGGG 3'
5' GGGTCTCCCCCCTCCTTGGCC 3'
5' GGACTACGTCCCTCCGGTGG 3'

6057-6077
6246-6265
6620-6640
6906-6926
7241-7260

5' CGTCACGTAGTGGAAATCCCC 3'
5' GGGACGTAGTCCGGGTCCTTC 3'
5' GCAGCAGACGAGATCCTCAC 3'
5' GCTGCGAGATGTTGTGGCGTA 3'
(pMOS vector)
5' GGGAAAGCTTGCATGCCTGC 3'
5' GACGTTGTAAAACGACGGCC 3'

6618-6638
7232-7252
7567-7586
7698-7718

Nucleotide positions are numbered according to the HCV-J sequence and the
NS5A region is within positions 6246-7586.

RNA extraction and amplification by RT-PCR
HCV RNA was extracted from 200 μ L of serum by
guanidinium thiocyanate and silica method[30]. The fulllength NS5A gene was amplified by nested RT-PCR.
RT was combined with the first round of PCR with
outer primers E1 and E2 while second amplification was
performed with inner primers I3 and I4 as previously
described (Table 1)[17,31]. PCR products were then subjected
to electrophoresis in a 1% agarose gel (NuSieve GTG,
FMC) and visualized by ethidium bromide staining before
purification. In this study, we sequenced 343 296 nts from
256 clones of the complete NS5A region. According to
Taq error rate (0.182 × 10-4)[32], 6.247 RT-PCR-introduced
errors could have been analyzed as substitutions for all
clones, i.e. 0.024 RT-PCR-introduced errors per clone.
PCR products cloning
PCR fragments cut out from the agarose gel were purified
using a mini-column system (Wizard PCR Preps DNA
purification system, Promega) and then were ligated into
50 ng of pMOS vector (pMOSBlue blunt-ended cloning
kit, Amersham Bioscience). Transformants were grown
on LB-agar plates containing 100 μg/mL ampicillin and
15 μg/mL tetracycline. The presence of HCV insert was
confirmed by plasmid amplification using SeqS1 and
SeqAS2 primers (Table 1). We produced between 4 and 17
clones per patient.
DNA sequencing
Cycle sequencing was performed using the CEQ 8000
Dye Terminator Cycle Sequencing kit following the
manufacturer’s instructions (Beckman Coulter) before
automatic electrophoresis of the sequencing products
using a CEQ 8000 (Beckman Coulter). Inner PCR primers
S2, S4, S31, AS2 and AS32 were used as sequencing
primers (Table 1). Sequences were analyzed using the CEQ
8000 software.
Sequence analysis
Multiple nucleotide (nt) sequence alignment and ambiguity
were carried out with CLUSTAL X interface [33] . The
nucleotide substitution rate over sites within each set of
variants was estimated by using DAMBE software. The
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Figure 1 Schematic localisation
of the six studied regions in NS5A
protein. Amino acids positions are
numbered according to the HCV-J
polyprotein and the NS5A region is
within positions 1973-2419.
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Table 2 Clinical and virological characteristics of the 10 patients studied before and during treatment mean ± SD
Patient and
time of treatment

Sex

Age

Viral load
log IU/mL

n

SVR1-D0
SVR2-D0
SVR3-D0
SVR4-D0
SVR4-M3
SVR5-D0
SVR5-M3
SVR6-D0
SVR6-M3
SVR7-D0
SVR7-M3
NR1-D0
NR1-M3
NR1-M6
NR2-D0
NR2-M3
NR2-M6
NR3-D0
NR3-M3
NR3-M6

F
F
M
M
F
M
F
M
F
F
-

48
53
43
59
65
47
51
35
50
44
-

2.00
4.55
4.71
6.24
1.61
5.44
2.77
7.26
2.18
6.61
5.42
5.13
5.24
2.83
5.90
5.87
5.77
5.63
5.79
5.00

15
13
8
16
13
15
17
17
6
15
15
17
9
4
17
12
10
14
11
12

NT substitutions/master
sequence

AA substitutions/master
sequence

Genetic distance

4.5 ± 2.3
5.1 ± 3.6
10.3 ± 3.6
15.4 ± 8.0
3.6 ± 2.1
10.1 ± 6.6
6.4 ± 2.4
15.9 ± 10.5
4.0 ± 1.7
29.3 ± 8.5
12.6 ± 4.2
15.2 ± 4.3
15.3 ± 4.4
4.5 ± 3.1
15.6 ± 6.4
9.5 ± 3.6
10.3 ± 3.3
10.9 ± 3.7
11.1 ± 2.7
10.8 ± 3.3

2.5 ± 1.4
3.3 ± 2.1
4.7 ± 1.9
7.5 ± 4.9
1.8 ± 1.0
4.9 ± 2.0
3.3 ± 1.6
8.5 ± 5.1
2.4 ± 1.3
7.3 ± 2.7
4.6 ± 2.2
3.5 ± 1.9
4.8 ± 1.7
2.0 ± 3.4
5.2 ± 2.9
3.9 ± 1.8
4.0 ± 2.2
4.4 ± 2.2
4.0 ± 2.8
4.4 ± 2.0

0.0065 ± 0.0008
0.0070 ± 0.0011
0.0105 ± 0.0018
0.0172 ± 0.0022
0.0051 ± 0.0008
0.0171 ± 0.0016
0.0070 ± 0.0010
0.0192 ± 0.0022
0.0062 ± 0.0012
0.0294 ± 0.0029
0.0156 ± 0.0016
0.0181 ± 0.0020
0.0143 ± 0.0020
0.0041 ± 0.0013
0.0181 ± 0.0020
0.0125 ± 0.0013
0.0274 ± 0.0020
0.0279 ± 0.0021
0.0157 ± 0.0017
0.0154 ± 0.0015

F: Female; M: Male; n: number of PCR products analyzed; D0: beginning of the treatment; M3: 3 mo of treatment; SVR: Sustained Virological Responders; NR:
Non-Responders to IFN-ribavirin therapy.

variability at each site i was measured by calculating the
Shannon entropy at the site i (Hi) with the following
formula: Hi = -(∑ 4 j=1 p j log 2 p j ), where j = 1, 2, 3, 4
corresponding to nucleotide A, C, G and T, and p j is
the proportion of nucleotide j at site i. The normalized
entropy Sn was calculated as Sn = H/log N, where N
is the total number of analysed sequences[34]. Types of
mutational changes were also determined by means of
MEGA 2.3 software. Genetic distances between pairs of
sequences were performed using Kimura 2-parameters
method[35]. The frequency of synonymous (dS) and nonsynonymous (dN) substitutions per site were calculated
with Nei-Gojobori method using the Jukes-Cantor
correction to account for multiple substitution at the same
site[36]. The dN/dS ratio is a measure of immunity pressure
on a region. Construction of the phylogenetic tree of
NS5A variants obtained from ten patients was performed
using MEGA 2.3 software. The phylogenetic tree was
constructed with the neighbour-joining method and
bootstrap resampling (1000 replicates were used to test
reliability of the tree topology)[37]. Master sequence was
defined as the sequence obtained from direct sequencing
of PCR products obtained before cloning.
A multiple alignment of the translated aa sequences
was generated. Alignment analysis of nucleotides and

proteins was perfor med using HCV-J (genotype 1b,
D90208) as reference and HCV-H (genotype 1a, M67463)
as out-group for the construction of the phylogenetic tree.
Six regions were studied: the ISDR (NS5A2209-2248), PKR
binding domain (PKRbd) (NS5A2209-2274), V3 (NS5A2353-2379),
the N-terminal element of NS5A protein until ISDR
(NS5A1973-2208), the C-terminal element of NS5A protein
from ISDR to the end (NS5A2209-2419), and the complete
sequence of NS5A (NS5A1973-2419) (Figure 1).
Statistical analysis
Values for quantitative variables were expressed as means
± SD. Comparisons between groups were performed
using the Student T-test or the non-parametric MannWhitney U-test or Kruskal-Wallis K-test for quantitative
variables. The Pearson’s correlation coefficient was used. A
P-value of less than 0.05 was considered to be statistically
significant.

RESULTS
Phylogenetic and heterogeneity analysis of HCV
quasispecies
Characteristics of each patient are summarized in Table 2. We
studied ten patients (four males and six females). Average
www.wjgnet.com
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SVR7-M3-13
SVR7-M3-15
SVR7-D0-8
SVR7-D0-12
SVR7-M3-14
SVR7-M3-12
SVR7-D0-5
SVR7-M3-8
SVR7-M3-3
SVR7-M3-9
SVR7-M3-6
SVR7-D0-3
SVR7-D0-6
SVR7-D0-11
SVR7-M3-1
SVR7-M3-2
SVR7-M3-10
SVR7-M3-7
SVR7-D0-13
SVR7-D0-1
SVR7-M3-5
SVR7-D0-4
SVR7-M3-4
SVR7-D0-2
95
SVR7-D0-9
SVR7-D0-15
SVR7-D0-10
SVR7-D0-7
SVR7-D0-14
15 variants SVR1-D0
13 variants SVR2-D0
NR1-D0-15
NR1-M3-7
NR1-M3-3
NR1-M3-4
NR1-D0-16
NR1-M3-1
NR1-M3-6
NR1-M3-5
NR1-M3-2
99
NR1-M6-1
NR1-M6-3
NR1-M6-2
NR1-M6-4
NR1-D0-8
NR1-D0-1
NR1-D0-5
NR1-D0-2
NR1-D0-3
NR1-D0-14
NR1-D0-4
8 variants SVR3-D0
17 variants SVR5-M3
100
15 variants SVR5-D0
SVR6-D0-9
SVR6-D0-8
82
SVR6-D0-15
90
SVR6-D0-11
SVR6-D0-1
SVR6-D0-10
99
SVR6-D0-7
SVR6-D0-14
SVR6-D0-5
SVR6-D0-2
SVR6-M3-4
85
SVR6-M3-1
SVR6-D0-17
SVR6-M3-3
SVR6-M3-6
SVR6-M3-2
SVR6-M3-5
SVR6-D0-3
NR3-D0-12
NR3-M3-1
NR3-D0-6
NR3-M3-2
NR3-D0-5
NR3-D0-7
NR3-M3-11
NR3-D0-8
NR3-M3-5
NR3-D0-9
NR3-D0-10
NR3-M3-8
NR3-M3-10
NR3-M3-3
NR3-D0-1
NR3-D0-11
100
NR3-M3-7
NR3-D0-4
NR3-D0-2
NR3-M3-4
NR3-D0-3
NR3-M3-6
NR2-D0-8
NR2-D0-4
93
NR2-D0-7
NR2-D0-16
NR2-D0-9
NR2-M3-8
98
NR2-D0-14
NR2-M3-6
NR2-M3-3
NR2-D0-15
NR2-D0-1
NR2-D0-2
NR2-M6-5
NR2-D0-6
NR2-D0-5
NR2-M3-10
NR2-D0-3
NR2-D0-10
NR2-M3-2
NR2-M6-4
NR2-M6-2
NR2-M6-3
NR2-M6-6
NR2-M3-5
NR2-D0-13
NR2-M3-9
NR2-M3-7
NR2-M3-1
NR2-D0-11
NR2-M6-10
NR2-M6-1
NR2-M3-4
16 variants SVR4-D0
13 variants SVR4-M3
HCV-H-1a
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Table 3 Characteristics of HCV quasispecies in pre-treatment
isolates from SVR and NR patients
Region and
patient type
SVR7 D0 and
M3

NR1 D0, M3
and M6

SVR6 D0 and
M3

NR3 D0, M3
and M6

NR2 D0, M3
and M6

0.02

Figure 2 Phylogenetic tree of NS5A region (codon 1973-2419) of amino acids
HCV variants obtained from ten patients at different time of treatment. D0:
beginning of the treatment; M3: 3 mo of treatment; SVR: Sustained Virological
Responders to IFN-ribavirin therapy; NR: Non-Responders to IFN-ribavirin therapy.
HCV-H strain was used as outgroup. The internal node numbers represent the
bootstrap values. Distance scale represents 2% of difference between sequences.
When all NS5A sequences within a patient at one time point of treatment are
grouped in a cluster, this cluster is presented by only one node.
www.wjgnet.com
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NS5A
SVR (n = 99)
NR (n = 48)
ISDR
SVR (n = 99)
NR (n = 48)
PKRbd
SVR (n = 99)
NR (n = 48)
V3
SVR (n = 99)
NR (n = 48)

Genetic
distance

dS

dN

dN/dS

Num. amino acid
mutations

0.1027
0.0698

0.3239
0.1216

0.039
0.025

0.120
0.206

33.9
29.8

0.0834
0.0765

0.3084
0.2645

0.0295
0.0271

0.096
0.102

1.3
1.9

0.0934
0.0815

0.2934
0.2694

0.0424
0.0332

0.145
0.123

5.3
5.7

0.1836
0.1372

0.3264
0.4482

0.1282
0.0556

0.393
0.124

6.0
4.7

Values were calculated as described in methods; amino acids sequences were
compared to HCV-J; n: number of PCR products analyzed; dS: frequency
of synonymous substitutions per site; dN: frequency of non-synonymous
substitutions per site; SV: Sustained Virological Responders; NR: NonResponders to IFN-ribavirin therapy.

patient age was 49.5 years and HCV viral load was 5.35
log IU/mL (mean at baseline). We found a significant
difference in viral load between the three groups of early,
slow SVR and NR (P = 0.034), whereas no significant
difference was found between the SVR and NR groups at
baseline. The genetic variability of the NS5A region was
confirmed by cloning NS5A PCR products obtained from
the ten patients (7 SVR and 3 NR) into the pMOS vector.
In total, PCR products from 256 clones of the NS5A
region were analyzed (Table 2). No cluster in correlation
with treatment response was observed in the phylogenetic
tree (Figure 2). However, in two slow SVR patients (SVR4
and SVR5) two different clusters were individualized with
two populations of variants (D0 and M3, respectively). In
the two other slow SVR patients (SVR6 and SVR7) and
in NR patients, we found mixed populations of variants
at the beginning of treatment (D0) and during treatment
(M3 or M6). Genetic complexity of nt and aa sequences
calculated by Shannon entropy showed no significant
difference between the two groups studied (Figure 3, A
and B). Interestingly, when we looked at early SVR in
comparison with slow SVR, we observed a significant
difference between these three groups of patients, P =
0.026 and P = 0.024, respectively, for nt and aa complexity
calculated by Shannon entropy. At baseline, we observed
that PCR products from the SVR group displayed more
frequently synonymous substitutions (dS) and nonsynonymous substitutions (dN) than PCR products from
the NR group along the NS5A region, ISDR and PKRbd
domains, but not in the V3 domain for dS (Table 3,
columns 3 and 4). dN/dS ratios were similar in the two
groups in ISDR and PKRbd domains. This ratio was two
times higher in SVR patients than in NR patients along
the NS5A region and three times higher in the V3 domain
(Table 3, column 5).
Among the aa sequences of the PKRbd and V3
domains, we observed that NR patients exhibited a higher
variant complexity than SVR patients before initiation of
IFN therapy in the three domains ISDR, PKRbd and V3
(Table 4). In ISDR, after three months of IFN therapy,
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A

1199

B

Quasispecies complexity (nucleotide)

Quasispecies complexity (amino acid)

Normalised entropy
0.020

Normalised entropy
0.020
0.015

0.015

0.010

0.010

0.005

0.005

0.000

SVR
patients

0.000

NR
patients

SVR
patients

NR
patients

Figure 3 Genetic complexity of HCV quasispecies (A: nucleotide; B: amino acid) calculated by normalized entropy in seven sustained virological responders and three
non-responders with median indicated by horizontal bar for each group. P-value calculated by Mann-Whitney U-test.

Table 4 Complexity evolution in HCV quasispecies from SVR
and NR patients in ISDR, PKRbd and V3 domains
Patient Time of treatment
D0
M3
M6
domains
ISDR-PKRbd-V3 ISDR-PKRbd-V3 ISDR-PKRbd-V3
SVR1
SVR2
SVR3
SVR4
SVR5
SVR6
SVR7
NR1
NR2
NR3

n = 15
n = 13
n=8
n = 16–13
n = 15–17
n = 17–6
n = 15–17
n = 17–9–4
n = 17–12–10
n = 14–11–12

3–4–3
3–4–2
3–5–3
3–7–3
8–8–1
8–9–3
6–6–7
6–8–7
7–8–2
6–7–4

3–4–3
4–7–1
1–2–3
6–7–7
3–4–4
5–8–3
5–7–3

1–3–2
3–4–6
4–5–2

Amino acids sequences were compared to HCV-J; n: number of PCR products
analyzed.

two out of four slow SVR patients and the three NR
patients showed a decrease in variant complexity (SVR5;
SVR6; NR1; NR2 and NR10). The two other slow SVR
patients displayed stability in variant complexity (SVR4 and
SVR7). The three NR patients had a continuous decrease
in the complexity under combined IFN-R regimen at M6
(NR1; NR2 and NR3).
Within PKRbd, after three months of IFN therapy,
three out of four slow SVR patients and one out of three
NR patients displayed a decrease in variant complexity
(SVR4; SVR5; SVR6 and NR2) (Table 4). The two other
NR patients exhibited stability in variant complexity (NR2
and NR3) and the fourth slow SVR patient showed an
increase in variant complexity (SVR7). The three NR
patients had a decrease in complexity under combined
IFN-R therapy at M6.
After three months of IFN therapy, three out of four
slow SVR patients (SVR4; SVR6 and SVR7) displayed a
decrease in variant complexity in the V3 domain, as did
two out of three NR patients (NR1 and NR3) (Table 4).
The two other patients were found to contain an increase
in variant complexity (SVR5 and NR2). Under combined
IFN-R therapy, two NR patients had a low decrease in
variant complexity (NR1 and NR3), whilst the third NR

patient showed an increase (NR2) in variant complexity.
Variability in six different regions along the NS5A gene
Comparison to master sequence: Among the 256
PCR products studied, before and during treatment, we
observed a mean of 11.7 ± 7.9 nt substitutions with a
median of 10 nt substitutions.
At baseline, we observed 13.6 ± 9.1 nt substitutions
(median of 12 nt substitutions) among the 147 clones
analyzed, in comparison to the master sequence (Table 2,
column 6). The aa variations were 4.8 ± 3.1 substitutions
(with a median at 4) among all 256 clones and 5.4 ± 3.5
aa substitutions in clones analyzed before treatment,
with a median of 5 aa substitutions. We also observed
that all variants from SVR patients had a higher genetic
diversity than all variants from NR patients in the four
regions studied, including ISDR, PKRbd, V3 domain and
complete NS5A (Table 3, column 2). Within patients, we
observed that the 3 early SVR had a lower genetic diversity
than the four slow SVR and the three NR.
We observed significantly more aa substitutions in
SVR clones than in NR clones in two out of six regions
(complete NS5A, P = 0.013; the first half of NS5A, P
= 0.032). Interestingly, NR clones presented more aa
substitutions in the V3 domain than SVR clones, but this
was not statistically significant (Table 3).
During treatment, the genetic distance and numbers of
substitutions (nt and aa) in SVR PCR products decreased
between the baseline and M3 (Table 2, columns 6, 7 and 8).
PCR products from NR patients also showed a decrease
of the genetic distance, but this was lower than those
from SVR patients. However, clones from NR patients
had either stability or an increase in the number of aa
substitutions observed under treatment. NS5A variants
had a high heterogeneity without clonal selection of
quasispecies and a low variation in ISDR and V3 domains
during therapy.
Comparison to HCV-J sequence: Among the 256
clones analyzed, we obser ved a mean of 32.1 ± 5.2
aa substitutions. At baseline, a mean of 36.6 ± 5.6 aa
substitutions (median at 32 aa substitutions) was observed
among the 147 clones analyzed, in comparison to the
www.wjgnet.com
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Table 5 Number of amino acids mutations observed in six different regions from NS5A protein, at baseline mean ± SD
NS5A region (aa range)

2 groups (D0)
(n = 147)

SVR (D0)
(n = 99)

NR (D0)
(n = 48)

SVR (M3)
(n = 51)

NR (M3)
(n = 32)

NR (M6)
(n = 26)

ISDR (2209-2248)
PKRbd (2209-2274)
V3 (2353-2379)
Complete NS5A (1973-2208)
N-terminal part of NS5A (1973-2208)
C-terminal part of NS5A (2209-2419)

1.5 ± 1.6
5.4 ± 2.1
5.5 ± 1.4
32.6 ± 5.6
12.4 ± 3.1
20.1 ± 3.9

1.3 ± 1.7
5.3 ± 2.4
6.0 ± 1.5
33.9 ± 6.0
12.9 ± 3.3
21.1 ± 4.1

1.9 ± 1.1
5.7 ± 1.2
4.7 ± 0.6
29.8 ± 3.7
11.6 ± 2.4
18.2 ± 2.4

0.8 ± 0.8
4.7 ± 1.6
6.1 ± 1.3
31.7 ± 5.3
11.7 ± 2.0
20.1 ± 4.2

2.1 ± 1.0
6.1 ± 1.0
4.8 ± 0.7
30.8 ± 3.9
11.2 ± 2.1
19.6 ± 2.9

1.8 ± 1.2
5.7 ± 1.3
5.1 ± 0.6
31.9 ± 2.9
12.8 ± 2.1
19.4 ± 3.4

n: number of PCR products analyzed; SVR: Sustained Responders; NR: Non-Responders to IFN-ribavirin therapy; D0: beginning of the treatment; M3: 3 mo of
treatment; M6: 6 mo of treatment.

HCV-J sequence (Tables 2 and 5). Next, we determined for
each group the level of aa substitutions in each site, with a
threshold at 15 aa substitutions (this threshold was defined
as half of the maximum (n = 31) of aa substitutions
observed for the 256 clones; in position 2218). In ISDR, aa
variations were found at positions 2218, 2224, 2232, 2234
and 2237, in the V3 domain at position 2377 and along
NS5A protein at positions 2251 (PKRbd), 2280 and 2408.
At baseline, among the two group of patients (SVR and
NR), the comparison of the different clone populations
showed that all except one (PKRbd) of the six regions
studied were able to differentiate the two groups (Table 5).
We observed more aa substitutions in SVR clones than
in NR clones in four out of six regions (complete NS5A,
P < 0.001; the first half of NS5A, P = 0.010; the second
half of NS5A, P < 0.001 and V3, P < 0.001). Interestingly,
NR clones presented more aa substitutions in ISDR than
SVR clones, P = 0.011, and the PKRbd domain was not
able to discriminate the two groups of patients. In contrast
to previous findings, NR clones had more aa substitutions
than SVR clones in ISDR and PKRbd regions. We did
not find any correlation between HCV viral load and
the number of mutations observed in ISDR and the V3
domains. A fair correlation was observed between HCV
viral load and PKRbd (r = 0.724; P = 0.018). A good
correlation was observed between HCV viral load and
complete NS5A (r = 0.855; P = 0.002) and with the second
half of NS5A (r = 0.782; P = 0.008).
During treatment, a decrease of aa substitutions
occurred in the six studied regions for the two groups of
patients. Only ISDR and the complete NS5A sequence
showed a significant decrease in aa substitutions under
treatment in comparison with populations studied at
baseline (P = 0.019 and P = 0.005, respectively). In the NR
clones, stability or a low decrease in aa substitutions was
observed in the six regions, at baseline, M3 and M6.
Possible mutagenic effect of ribavirin during combination
therapy
Among the three populations of clones from NR patients,
we did not find any aa substitutions between M3 and M6
treatment points, as recently described in NS5A during
ribavirin monotherapy[38]. No other specific aa substitutions
were found in the NS5A protein.

DISCUSSION
Numerous viral and host factors have been described
www.wjgnet.com

as predictors of response to therapy. HCV genotype 1,
particularly genotype 1b, are most resistant to combined
IFN-R therapy[5]. Among viral factors, genetic variability
has been studied in many regions of the HCV genome,
mainly in hypervariable region 1 (HVR1) and PKR-eIF2α
phosphorylation homology domain (PePHD) of E2
region and in PKRbd (including ISDR) of NS5A[17,22,39-43].
However, few reports have studied the complete NS5A
region [17,22] . Most of these studies examined patients
treated by IFN monotherapy, with few studies of patients
treated by combined IFN-R therapy.
A recent study examining viral sequence differences
between African American and Caucasian patients treated
by IFN with or without ribavirin found that the NS5A
region did not cluster by race, but treatment response
and IFN effectiveness did[44]. In this study, our analysis of
the number of substitutions in the V3 domain showed a
significant difference between the two groups of patients
and a significant correlation between IFN effectiveness
and a high number of mutations in the V3 domain[45].
In another study examining the second half of the
NS5A region, especially ISDR, PKRbd and V3 domains, in
patients treated by combined IFN-R therapy, the authors
also found that the V3 domain showed more accumulation
of substitutions than other domains in NS5A [45]. SVR
patients had lower complexity and diversity than NR
patients before treatment. During therapy, the investigators
observed a decrease in complexity and diversity in SVR
patients, and an increase in complexity with accumulation
of non-synonymous mutations in NR patients.
In our study, we analyzed sequence variations of NS5A
quasispecies in patients who received adapted therapy
according to virological response during treatment.
Among SVR patients, we analyzed three early SVR and
four slow SVR patients compared to three NR patients.
The construction of a phylogenetic tree did not allow us
to distinguish the two groups of patients (SVR and NR).
Before treatment, the analysis of genetic complexity and
diversity did not show a significant difference between
the seven SVR and the three NR patients. However, the
genetic complexity and diversity were lower in early SVR
than in the seven other SVR patients. The analysis of the
immunity pressure in different domains of the NS5A
gene did not show differences between the SVR and NR
groups except for the V3 domain and the complete NS5A
region where the SVR group presented a higher immunity
pressure than NR patients. Generally, the analysis of
mutations compared to the master sequence or HCV-J
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sequences requires long fragments (a half or a complete
NS5A protein) to distinguish SVR and NR. We did not
observe any difference in specific aa substitutions between
the two groups of patients.
During treatment, we observed a decrease of genetic
complexity and diversity in slow SVR and NR patients.
A very low complexity was found in the V3 domain in
eight out of ten patients (6/7 of SVR and 2/3 of NR
patients). In the PKRbd and V3 domains, we often
observed complexity decrease or stability. Only one out
of seven SVR and one out of three NR patients displayed
complexity increase either under IFN therapy or under
combined IFN-R therapy. Thus, we observed a different
evolution of quasispecies under IFN alone or under
combined therapy. This is in contrast to a recent study
by Puig-Basagoti et al[45] where they observed a decrease
in quasispecies complexity in SVR patients and a stability
or increase in quasispecies complexity in NR patients. In
this study, the analysis of the quasispecies was done at wk
1, 2 and 4, whereas in our study we analyzed quasispecies
after a first three-month period of treatment under
IFN alone and after a second three-month period under
combined IFN-R therapy. We observed the same rate of
appearance of aa substitutions in the ISDR domains for
the two categories of patients. However, the instauration
of a real modification of aa in a quasispecies was more
often observed in SVR patients than in NR patients in
the complete NS5A protein and in the PKRbd and V3
domains. Interestingly, in three slow SVR (SVR4-SVR5SVR6) patients the main variant from the ISDR domain
remained unchanged after three months of treatment.
The same observation was made in two out of three NR
patients who also exhibited complexity stability in the
different NS5A regions.
Asahina et al[38] studied the possible mutagenic effect
of ribavirin during a period of 28 days of ribavirin
monotherapy before combined IFN-R therapy. During
the first phase of ribavirin monotherapy, they observed an
accumulation of non-synonymous substitutions located in
NS5A. These substitutions were observed in ten patients
and eight of them had SVR after treatment. In our study,
we did not observe these substitutions in PKRbd nor in
any part of NS5A. However, our treatment regimen was
different and we only studied the effect of ribavirin during
three months of combined therapy in NR patients. It is
also possible that substitutions did arise during combined
therapy, but were subsequently eliminated by the treatment.
In conclusion, our study reinforces the potential role
of NS5A polymorphism, particularly in the V3 domain, in
regulating HCV resistance to IFN treatment. Nevertheless,
the underlying molecular mechanisms remain unclear.
Mutations in the V3 domain may affect the interaction
between NS5A and one or several IFN-induced antiviral
effectors. Some studies found high mutation frequency
in ISDR being associated with low HCV RNA titer,
suggesting that NS5A may play a role in HCV replication.
In our study, at baseline, we did not find any relationship
between HCV viral load and the number of mutations
observed in the ISDR and V3 domains. The number of
mutations observed in PKRbd has shown a fair correlation
with HCV viral load, but we found a better correlation
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when we analyzed the second half or the complete NS5A
region. These results support the notion that mutations in
the NS5A region may influence on HCV replication, and
suggest that the entire NS5A region should be analyzed for
mutations that may correlate with IFN response. Further
clinical studies with new therapeutic approaches such as
pegylated IFN, as well as the use of the recently developed
HCV infection cell culture systems should further improve
our understanding of the role of NS5A in regulation of
the IFN response.
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Abstract
AIM: To investigate the epidemiology of hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection in the two
major ethnic groups in Kazakhstan.
METHODS: A cross-sectional prospective study of
HBV and HCV seroprevalence was performed among
individuals born in Kazakhstan with no history of chronic
hepatitis or liver disease.
RESULTS: There were 290 volunteers (140 Russians
and 150 Kazakhs) aged 10 to 64 years, males accounted
for 46%. Active HBV infection (HBsAg positive) was
present in 3.8%, anti-HBc in 30%. The prevalence was
similar in females and males (33% vs 25%) (P = 0.18).
The prevalence of anti-HBc increased from 19% in
10-29 years old volunteers to 53% in 50-years and
older volunteers. The prevalence of HBV infection was
higher in married than in single adults (38% vs 26%,
respectively) (P = 0.2) and more common in Kazakhs
(35%) than in Russians (24%) (P = 0.07). HCV infection
was present in 9 subjects (3.2%), 5 of them also were
positive for anti-HBc in the absence of HBsAg.
CONCLUSION: The frequency of active HBV infection
(3.8%) coupled with a high prevalence of HBV exposure
in those > 50 years of age increases with age, which
suggests that horizontal transmission likely relates to
www.wjgnet.com

the use of contaminated needles. The low prevalence of
HCV infection suggests that HBV and HCV are acquired
differently in this group of subjects.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Kazakhstan has two major ethnic groups: Kazakhs who
trace their origins back to Genghis Khan, and ethnic
Russians. Each constitutes approximately 40% of the
population. The different ethnic groups share similar living
and socioeconomic conditions.
Kazakhstan is part of a nine-country subregion in
which the mortality due to chronic liver disease and
cirrhosis has been estimated to be 21.8 per 100 000
population [1] . The mortality rate of hepatocellular
carcinoma is also high, with liver cancer representing
approximately 4% of all malignant neoplasms[2]. Hepatitis
B virus (HBV) and hepatitis C virus (HCV) infections
are both common causes of hepatocellular carcinoma.
We conducted a cross-sectional study in Kazakhstan to
examine the epidemiology and risk factors associated with
HBV and HCV infections. We gave particular emphasis
on possible relationships between chronic hepatitis B or
C virus infections and a history of intravenous injections,
blood transfusions, vaccinations, needle sticks, surgeries,
having tattoos, and shared use of tooth brushes, body
brushes and towels.

MATERIALS AND METHODS
We performed a cross-sectional seroepidemiologic study
in Almaty, Kazakhstan. Both Russians and Kazakhs were
entered if they were unrelated and born in Kazakhstan
with no prior history of clinical hepatitis or chronic liver
disease. An attempt was made to obtain an equal number
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Table 1 Concentration of anti-HBs in four HBsAg and anti-HBc
positive subjects
I.D.

mIU/mL

11
180
249
143

16.1
3.4
4.0
5.7

10
0

B

10-29
(n = 120)

Seroprevalence (%)

7

30-49
(n = 112)
Age (yr)

> 50
(n = 58)

6.3%

6
5
4
3

2.5%
1.7%

2
1
0

C

10-29
(n = 120)

30-49
(n = 112)
Age (yr)

> 50
(n = 58)

Seroprevalence (%)

7
6
5
4

5.2%
4.2%

3
2
0.9%

1
0

10-29
(n = 120)

30-49
(n = 112)
Age (yr)

> 50
(n = 58)

Figure 1 Prevalence of anti-HBc antibodies (A), HBsAg (B), and anti-HCV
antibodies (C) in relation to age in Kazakhstan.

of volunteers per decade from each of these two major
ethnic groups.
A trained physician inter viewed each volunteer
and completed a detailed questionnaire. Demographic
data focusing on the environment during the subject's
childhood included social and economic data (parent's
education, occupation and family income) as well as
histories of blood transfusions, intravenous injections,
vaccinations, needle sticks, surgeries, having tattoos, and
the shared use of tooth brushes, body brushes or towels.
In women, we obtained data about miscarriages and
abortions.
Serologic methods
Each volunteer provided a blood sample. Sera were
stored at -20℃ until analyzed. Serum samples were
tested for hepatitis A and B serology using kits (Abbott
Diagnostic Laboratories, Abbott Park, IL), including
enzyme immunoassays (EIA) for the qualitative detection
of total antibody to hepatitis A virus (anti-HAV; HAVAB

EIA), hepatitis B surface antigen (HBsAg; AUSZYME
Monoclonal), and total antibody to hepatitis B core antigen
(anti-HBc; Corzyme). Antibody to hepatitis B surface
antigen (anti-HBs; AUSAB, human subtypes ad and ay)
was evaluated by solid phase radioimmunoassay. Antibody
to hepatitis C (anti-HCV; HCV Version 3.0, Ortho-Clinical
Diagnostics, Inc, Raritan, NJ) was detected by EIA. The
interpretation of the results was done according to the
manufacturer’s instructions.

RESULTS
Two hundred and ninety volunteers were enrolled in the
study including 150 Kazakhs and 140 ethnic Russians
ranging in age from 10 to 64 years. One hundred and
thirty-four (46%) of the subjects were men.
Risk factors and prevalence of HBV
Total anti-HBc was found in 30% of the population, being
similar in women (33.3%) and men (25.4%) (P = 0.18). There
was an age-specific significant increase in the prevalence
of anti-HBc antibody: from 19.2% in 10-29 years old
individuals to 53.4% in those who were 50- years old and
older (Figure 1A) (P < 0.01). The prevalence of anti-HBc
was more common in Kazakhs (34.7%) than in Russians
(24.3%) (P = 0.07). Among those who were 21-years old
and older, the prevalence of hepatitis B infection was
similar in married and single adults (38% vs 26%, P = 0.2)
(data not shown).
The overall seroprevalence rate of active HBV
infection (HBsAg positive) was 3.8% (11 of 290 subjects),
none of these individuals tested was positive for antiHCV. There was no significant difference in the prevalence
of detectable HBsAg in men and women (3.7% of men
vs 3.8% of women) (P = 0.7) nor between ethnic groups
(4.3% of Russians vs 3.3% of Kazakhs) (P = 0.9). The
prevalence of HBsAg peaked in those whose age was
30-49 years (6.3%) and was lower in those whose age was
10-29 years (2.5%) (P = 0.3) and lowest in those whose age
was 50 years and more (1.7%) (P = 0.4, Figure 1B). Four
of the 11 HBsAg positive individuals (36%) were anti-HBs
positive. However, the concentrations of antibodies were
low in this group of individuals (Table 1). Three of four
individuals with concurrent HBsAg and anti-HBs positivity
were Kazakhs, but gender distribution was equal.
Table 2 shows unadjusted and adjusted (for socioeconomic status, gender, and ethnicity) incidence rates and
risk factors possibly associated with acquisition of hepatitis
B. The highest risks associated with hepatitis B infection
were having been a blood donor or having a history of
dental surgery. The risk factors for positive anti-HBc and
www.wjgnet.com
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Table 2 Effect of selected risk factors on the incidence rate of
anti-HBc in a study population from Kazakhstan (n = 86)
Risk factor
Blood
transfusion
Blood
donor
Tattoo
Ear
piercing
Dental
surgery

Unadjusted P
OR
2.11
0.19

95% CI
0.67-6.48

Adjusted
OR
1.26

1.77

0.03

1.05-2.98

1.67
1.43

0.19
0.16

1.93

0.02

1
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Table 3 Effect of selected risk factors on the incidence rate of
anti-HCV in a study population from Kazakhstan (n = 9)

P

95% CI

Risk factor

0.72

0.36-4.40

1.38

0.48

0.56-3.42

0.77-3.65
0.87-2.39

1.26
1.20

0.62
0.57

0.51-3.12
0.64-2.24

1.10-3.31

1.29

0.29

0.80-2.08

Blood
transfusion
Tattoo
Ear
piercing
Dental
surgery
Towel
sharing

1

Unadjusted P
OR
2.48
0.41

95% CI

4.02
2.58

0.05
0.18

0.90-16.44 14.40
0.65-10.18 3.05

0.01 1.76-118.32
0.29 0.38-24.4

1.65

0.48

0.42-6.52

1.46

0.64 0.29-7.26

3.25

0.09

0.82-12.83

3.87

0.07 0.91-16.4

Adjusted
OR
0.29-21.20 1.42

P

95% CI

0.76 0.15-13.38

1

1

HBsAg included dental surgery (73%), frequent injections
(64%), and ear piercing (54%).

Federation where the annual number of injections per
person is also 11.3 and different from neighboring
countries such as Kyrgyzstan and Uzbekistan where
this estimate is 5.2 or China where the annual number
of injections per person is only 2.4 [10]. Several studies
conducted in Russia showed that 85%-99% of injections
are unnecessary with a ratio of 20:1 for injections being
given with therapeutic intent compared to those for disease
prevention[11,12]. In addition, the proportion of equipments
being reused was reported to be 11%. Of interest in this
study, the common factor for having both anti-HBc and
HBsAg was a history of frequent injections.
In the current study, 4 of the 11 HBsAg positive
subjects also had anti-HBs antibodies (36%). It was
reported that the rate of concurrent HBsAg and anti-HBs
positivity is between 21% and 32%[13-16] and is associated
with evidence of viral replication and features of active
inflammation[13] or with progressive liver disease[14]. Most
probably, these discordant serologic results reflect a low
concentration of non-complexed anti-HBs that fails to
recognize insertions or deletions that occur in the pre-S/S
region of the HBV genome[16,17]. Heterotypic antibody is
often observed in these situations[13,15].
The prevalence of anti-HCV in this study population
was 3.2% which is somewhat higher than the prevalence
of anti-HCV antibodies obser ved in northwestern
Kazakhstan (1.7%; P = 0.3)[3], or in Siberian natives from
the Kamchatka Peninsula of Russia (1.4%, n = 348)[18].
In contrast, in the Republic of Azerbaijan [19], 8.7% of
screened serum samples are anti-HCV reactive [20]. We
feel certain that virtually all of our reactive samples
represented a past or present infection with HCV based
on strong EIA ratios of 3.0 or greater. However, we did
not do HCV RNA testing to confirm its active infection.
It also is possible that we underestimated the prevalence
of hepatitis C in that a proportion of the population may
have resolved their infection and subsequently lost their
anti-HCV[21].
The risk factors related to HCV infection (Table 3)
have very wide confidence intervals indicative of the small
sample size which precludes making firm conclusions
regarding transmission. However, the low prevalence of
hepatitis C infection compared with the relatively high
prevalence of HBV infection suggests that different
modes of transmission are active in this population due
to the sexual or vertical transmission of HBV and the

Adjusted OR for socioeconomic status, ethnicity and gender.

Risk factors and prevalence of viral hepatitis C
Anti-HCV was detected in only 9 subjects (3.2%) including
3 Kazakh women and 6 Russians (three women and three
men). Five of the 9 subjects also had detectable levels of
anti-HBc, but were negative for anti-HBs. Figure 1C and
Table 3 display age-specific prevalence rates of anti-HCV
in this study population and selected risk factors associated
with anti-HCV seropositivity. A history of tattoos was a
common risk factor for hepatitis C with a trend in risk
toward towel sharing.

DISCUSSION
Almost 30% of the study population examined had
evidence of current or past HBV infection which is similar
to the results of a prior study in northwestern Kazakhstan,
showing that 22% (n = 579) of the healthy population had
detectable anti-HBc antibodies[3]. The prevalence of antiHBc seropositivity in Kazakhstan is substantially lower
than that reported in 110 Bukharian Jews who immigrated
from Uzbekistan and Tajikistan (former Soviet Union) to
Israel, 66% of them had evidence of exposure to HBV[4].
However, the prevalence of past or current hepatitis B
infection is much higher in Central Asia than in Pakistan,
Ethiopia, Sweden, England and Wales[5-8].
The primar y mode of transmission of HBV in
Kazakhstan is unsettled. The prevalence of infection
increasing with age could result from either birth cohort
effects and continuing gradual horizontal acquisition,
or both. Demographic factors associated with risk of
acquisition (i.e. history of blood donation and dental
surgery) found in a recent study in Pakistan are blood
transfusions and use of contaminated syringes, and
contaminated dental and surgery equipment are the main
risk factors for acquiring HBV infections[9]. However, in
our study, adjustments for socioeconomic status, ethnicity
and gender eliminated these significantly associated risk
factors (Table 2).
In countries of European Region C, including
Kazakhstan, the annual number of injections was reported
to be 11.3 per person in 2000 and this estimate is the
highest among countries recognized as having a global
burden of disease. The same is true for the Russian
www.wjgnet.com

Adjusted OR for socioeconomic status, ethnicity and gender.
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parenteral transmission of HCV. Overall, the use of unsafe
(contaminated) needles remains of great concern in this
population as a vehicle for transmission of these viruses.
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Abstract
AIM: To evaluate the effect of antisense oligonucleotide
targeting midkine (MK-AS) on angiogenesis in chick
chorioallantoic membrane (CAM) and in situ human
hepatocellular carcinoma (HCC).
METHODS: An in situ human hepatocellular carcinoma
(HCC) model and CAM assay were used in this
experiment. The effect of MK-AS on angiogenesis was
evaluated by cell proliferation assay and hematoxylineosin (HE) staining.
RESULTS: MK-AS significantly inhibited human umbilical
vein endothelial cells (HUVEC) and in situ human HCC
growth. At the same time, MK-AS suppressed the
angiogenesis both in human hepatocellular carcinoma
cell line (HEPG2)-induced CAM and in situ human HCC
tissues.
CONCLUSION: MK-AS is an effective antiangiogenesis
agent in vivo .
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Angiogenesis is a process leading to formation of new
blood vessels, which plays a central role in survival of
cancer cells, growth of local tumors, and development of
distant metastasis[1]. It is believed that tumor cells require
the ability to stimulate angiogenesis, and angiogenesis
induced by tumor cells, leads to hypervascularization of
tumor tissue[2]. More recently, it has been found that tumor
cells also produce angiogenesis inhibitors[3]. The angiogenic
phenotype of a solid tumor is accepted as a result of
the net balance between the activities of angiogenesis
promoters and inhibitors[4]. Preclinical testing of these
antiangiogenic factors in animal models suggested that
they can effectively suppress the growth and/or metastasis
of experimental tumors [5-7] . Inevitably, identification
of angiogenic inhibitors and demonstration of their
angiostatic functions would provide rational foundations
for the development of tumor-specific antiangiogenic
therapy.
Up to now, different growth factors, such as basic
fibroblast growth factor (bFGF), vascular endothelial
growth factor (VEGF), transforming growth factoralpha (TGF-α) and midkine (MK) have been identified
as positive regulators of angiogenesis and are secreted
by cancer cells to stimulate nor mal endothelial cell
growth through paracrine mechanisms [8-11] . MK was
first identified in early stage embryonal carcinoma cells
during retinoic acid-induced differentiation [12] . MK
and pleiotrophin comprise a family of heparin-binding
growth/differentiation factors, which are different from
other heparin-binding growth factors such as fibroblast
growth factor and hepatocyte growth factor [13-15]. MK
is over-expressed in various malignant tumors[16-24], and
low or undetectable in normal adult tissues [13,24]. It is
accepted that MK promotes the survival[25,26], growth[27,28]
and migration[29-31] of many cells, involved in activating
mitogen-activated protein kinase (MAPK), extracellular
signal-regulated kinases 1 and 2 or protein kinase B (PKB/
AKT) pathways[25,32]. Recently, it was reported that midkine
binds to anaplastic lymphoma kinase (ALK) and acts as a
growth factor for different cell types[33].
There is evidence that MK plays an important role
in angiogenesis, which is an important event in tumor
development and progression. It was reported that
enhanced tumor growth in MCF-7 breast carcinoma cells
due to high MK expression is correlated with increased
vascular density and endothelial proliferation, implicating
an angiogenic role of MK in tumor growth[11]. Additionally,
MK, an angiogenic factor, is expressed in bladder cancer,
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and its over-expression correlates with a poor outcome
in patients with invasive cancers [20] . In fact, we have
confirmed that MK-AS transfer can significantly inhibit
the growth of hepatocellular carcinoma cells, which is
associated with increased Caspase-3 activity[34]. The present
study was to determine whether MK-AS can suppress
angiogenesis, which is an important mechanism underlying
inhibition of tumor cell proliferation.

MATERIALS AND METHODS
Antisense oligodeoxynucleotides
MK-AS (5’-CCCCGGGCCGCCCTTCTTCA-3’) and MKSEN phosphorothioate oligonucleotide (5’-TGAAGAAG
GGCGGCCCGGGG-3’) were synthesized with an applied
biosystem model 391 DNA synthesizer using Oligo Pilot
Ⅱ DNA (Amersham-Pharmacia, Piscataway, NJ, USA)
and purified by high-performance liquid chromatography
(HPLC) (Waters Delta Prep 4000, Milfordd, MA, USA)
with SOURCE 15Q (Amersham Pharmacia, Piscataway,
NJ, USA) as previously described[34].
Cultured cell lines
Human umbilical vein endothelial cells (HUVECs), a gift
of the Chinese Academy of Medical Sciences, Beijing,
China, were pooled after collagenase type Ⅰ treatment
and seeded on cell culture plates. The cells were grown in
RPMI 1640 medium (Invitrogen Corporation, CA, USA)
supplemented with 20% fetal calf serum (FBS; GIBCO
BRL, Grand Island, NY, USA), 100 U/mL penicillin
and 100 μg/mL streptomycin at 37℃ in an atmosphere
containing 5% CO2.
Cell proliferation assay
A total of 3 × 10 3 cells were seeded in each well of
a 96-well microtiter plate and allowed them to attach
overnight. Oligonucleotides at the concentrations of
0.2, 0.4, 0.8 μmol/L were transfected into the cells with
Lipofectin (Invitrogen, Carlsbad, CA, USA) following
the manufacturer’s instructions. Transfection medium
was replaced by normal culture medium after 6 h. The
effects of antisense oligodeoxynucleotide (ASODN) on
cellular viability were measured by 3-[4, 5-dimethythiazol2-yl]-5-[3-carboxymethoxyphenyl]-2-[4-sulfophenyl]2H-tetrazolium, inner salt (MTS) assay. After 48 h of
incubation following transfection, 20 μL MTS (Sigma, St
Louis, MO, USA) was added to each well and incubated at
37℃ for 2 h. The absorbance value was determined at 490
nm by a MR600 microplate reader (Wallac 1420 Multilable
counter, Wallac, Turku, Finland).
In vivo tumor studies
In situ HCC models were established as previously
described [35]. Two days after in situ HCC models were
established, mice were injected intravenously with saline
(vehicle control) and MK-AS (25, 50 and 100 mg/kg per
day) for 20 d. Body weight and general physical status of
the animals were recorded daily. At the endpoint of the
study, mice were killed by cervical dislocation and tumors
were removed and weighed. Tumor sizes were monitored
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with calipers, the tumor volume (V, mm3) was calculated as
(L × W2)/2, where L = length (mm) and W = width (mm).
The percentage of tumor growth inhibition was calculated
as: inhibitory rate (%) = (Wcontrol-Wtreat)/Wcontrol × 100.
Immunohistochemistry analysis for microvessel formation
Tumor specimens were fixed and frozen in tissue freezing
medium (Triangle Biomedical Sciences, Durham, NC).
Five-μm thick cryosections were cut and stained with HE
for histopathological analysis. To analyze the microvessel
formation in tumors, sections were stained with antiCD34 monoclonal antibody (DAKO Corp., Carpinteria,
CA) and subsequently with the avidin-biotin-peroxidase
(ABC) method. Positively stained vascular endothelial
cells (brown) were visualized and imaged using a digital
camera attached to an Olympus microscope. Microvessel density was determined as previously described[36].
Briefly, regions of the highest vessel density (“hot spot”
regions) were scanned at low magnification (× 40-100)
and counted at higher magnification (× 200). Three such
“hotspot” fields were counted in each tumor section, and
the mean microvessel density value was recorded. Any
endothelial cell or endothelial cell cluster that was clearly
separated from adjacent microvessels was considered a
single, countable microvessel. Positively stained vascular
endothelial cells were visualized and imaged using a
Magnifire camera (Olympus, Melville, NY) attached to an
Olympus Provis microscope.
Western blot analysis
After transfection with MK-AS for 24 h, cells in the
microplates were collected into 1.5 mL Eppendorf tubes
on ice and centrifuged at 2000 r/min for 5 min at 4℃.
Pellets were then lysed with lysis buffer [50 mmol/L TrisHCl (pH 7.4), 0.5 mmol/L EDTA, 0.5% NP40, and 150
mmol/L NaCl] in the presence of protease inhibitors.
Lysates were centrifuged at 12 000 × g for 15 min to
remove debris. Proteins (30 μ g) were separated from
samples by 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred onto
hybond-polyvinylidene difluoride (PVDF) membranes
(Amersham Biosciences). Midkine protein was identified
using the primary antibody (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The reactive band was visualized
with an ECL-plus detection kit (Amersham Biosciences,
Piscataway, NJ) and scanned by Gel Doc 1000 (Bio-Rad
CA, USA). β-actin was used as a control.
Chick chorioallantoic membrane assay
Angiogenesis assay in chick chorioallantoic membranes
(CAM) was perfor med as previously described [37] .
Fertilized eggs were incubated at 38℃. On d 7, a window
was opened on the eggshell to expose the CAM, and the
window was covered with a tape for further incubation.
Filter paper discs (0.5 cm in diameter) containing HepG2
cells (18 000/disc) or PBS was placed on the surface of
each CAM on d 8. After 24 h, 100 μL of 0.4 μmol/L
MK-AS was given using a 30-gauge needle. Two days
later, the CAM were fixed in 3.7% formaldehyde. Pictures
were taken with a stereoscope, and the number of vessel
www.wjgnet.com

1210

A

ISSN 1007-9327

1

2

3

CN 14-1219/R

B

4

World J Gastroenterol

1

2

3

February 28, 2007

4

MK

GAPDH
MK

120

MK-SEN

β-actin

MK-AS

A

Volume 13

Number 8

Figure 1 RT-PCR (A) and Westernblotting analysis (B) of MK expression
in human umbilical vein endothelial
cells (HUVEC) after transfection with
0.4 μmol/L MK-AS (lane 4), MK-SEN
(lane 3), Lipofectin alone (lane 2) for
24 h. Lane 1 represents cells without
transfection. GAPDH and β-actin were
used as control respectively.

B

Inhibition rate (%)

100
80
60
40
20
0

0.2 μmol/L

0.4 μmol/L

0.8 μmol/L

C

Figure 2 Effect of MK on growth of HUVEC. Cells after transfection with 0.4 μmol/L
MK-AS or MK-SEN for 24 h were analyzed by MTS assay. Data were expressed
as mean ± SD from four independent experiments.

branches was counted. Ten eggs were used for each
experimental condition.
Statistical analysis
Data were expressed as mean ± SD, statistical analysis was
carried out using Student’s t-test (two tailed), P < 0.05 was
considered statistically significant.

Figure 3 Angiogenesis in normal chick CAM (A), HepG2-induced CAM (B), and
HepG2-induced CAM treated with 0.4 μmol/L MK-AS (C). Chick CAM assays were
used to assess the impact of MK-AS on angiogenesis in vivo.

RESULTS
Effect of MK-AS on MK expression in HUVEC
Our previous studies showed that antisense oligonucleotide
t a r g e t i n g M K d ow n r e g u l a t e s M K e x p r e s s i o n i n
hepatocellular carcinoma cells [34] . In this study, we
measured the effect of MK-AS on MK expression in
HUVEC. After MK compounds were transfected for
24 h, total RNA and protein of HUVEC were extracted
for analysis of the effect of MK-AS transfer on MK
expression. Our results indicated that MK-AS could
efficiently decrease the mRNA and protein content of MK
in HUVEC (Figure 1A and B).
Effects of MK-AS treatment on HUVEC growth
To investigate the effect of MK-AS on endothelial
cell proliferation, we analyzed the growth of HUVEC
transfected with MK-SEN or MK-AS. MK-AS transfer
significantly inhibited HUVEC proliferation (Figure 2),
suggesting that MK signaling might directly contribute
to endothelial cell growth. In contrast, no significant
inhibition of HUVEC transfected with MK-SEN was
observed.

www.wjgnet.com

MK-AS inhibited angiogenesis in chick CAM
It is widely accepted that tumors can stimulate angiogenesis
by releasing angiogenesis stimulators such as bFGF and
VEGF[8,9]. HepG2 induced noticeable angiogenesis (Figure
3B). When paper discs absorbing PBS alone were placed
onto the CAM, a few vessels occupied the CAM area
covered by the paper discs (Figure 3A). Interestingly, when
CAM implanted with HepG2 were treated with MK-AS
(0.4 μmol/L), the number of vessels under the paper discs
was significantly reduced (Figure 3C). Similar results were
obtained when the mean vessel length was measured (data
not shown). Chick embryos treated with MK-AS were alive
and showed the same extent of motility as embryos from
PBS-treated eggs at the end of the experiment.
Effects of MK-AS treatment on in situ HCC xenograft
growth
We h a v e r e p o r t e d t h a t M K - A S i n h i b i t s t u m o r
proliferation[38]. In the present study, an in situ HCC model
of mice was used to evaluate the effect of MK-AS on in vivo
tumor proliferation. MK-AS at 25 mg/kg, 50 mg/kg, 100

Dai LC et al . MK-AS on angiogenesis
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Table 1 Effect of MK-AS on weight and inhibition of in situ
HCC
Treatment group

Tumor weight
(g)

Inhibition rate
(%)

1.29 ± 0.13

Table 2 Effect of MK-AS on growth of in situ human HCC
3

Treatment group

Tumor volume (mm )

Saline
MK-AS 100 mg/kg per day

807.75 ± 195.19
294.50 ± 70.66b

-

MK-AS 50 mg/kg per day

532.00 ± 121.57b

MK-AS 100 mg/kg per day

b

0.44 ± 0.18

65.89

MK-AS 25 mg/kg per day

552.75 ± 84.38b

MK-AS 50 mg/kg per day

0.64 ± 0.18b

50.39

MK-Sen 50 mg/kg per day

630.88 ± 188.76a

MK-AS 25 mg/kg per day

b

0.70 ± 0.14

45.74

MK-Sen 50 mg/kg per day

1.04 ± 0.14a

19.38

Saline

a

P < 0.05, bP < 0.01 vs control group.

a

P < 0.05, bP < 0.01 vs control group.
120

A

B

100

MVD

80

a

60
40
b
20

C

D

b

0
Control
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100 mg

Figure 5 Tumors resected from mice at the experimental end point. Resected
tumors were sectioned and stained as described in the text. Microvessel densities
(MVD) were determined by counting CD34-positive endothelial cells in the
sections and presented as mean ± SE positive cells/field from the three “hot-spot”
fields. aP < 0.05, bP < 0.01 vs control group.
Figure 4 Immunohistochemical analysis of HCC xenograft angiogenesis after
treatment with MK-SEN (A), 25 mg/kg of MK-AS per day (B), 50 mg/kg of MK-AS
per day (C), and 100 mg/kg of MK-AS per day (D). Representative views of antiCD34 antibody-stained vascular endothelium (brown) (х 200).

mg/kg per day and saline were intravenously administered
for 20 d. Tumors were removed, measured and weighed.
MK-AS treatment significantly inhibited tumor growth
compared to saline treatment (Table 1). The highest
inhibitory efficacy was 65.89% in MK-AS treatment group
compared to saline treatment group. The effects of MKAS on tumor growth are shown in Table 1. The final
tumor volumes after 20-d treatment are shown in Table
2 (P < 0.01). No difference was found in the mean body
weight of mice between the groups during the study (data
not shown).
Effects of MK-AS treatment on in situ HCC xenograft
angiogenesis
To determine whether the antitumor effect of MKAS therapy is associated with angiogenesis suppression,
the status of vessel formation in in situ HCC xenograft
was assessed by immunohistochemistry with endothelial
cell-specific CD34 staining. A representative result of
immunostaining is shown in Figure 4. High density of
microvessels was present in untreated tumor samples,
whereas MK-AS treatment significantly reduced
vascularization (Figures 4 and 5).

DISCUSSION
Tumor-induced neovascularization plays a key role in the
development, progression and metastasis of neoplasm[39].
Angiogenesis is regulated by several endogenous stimulators
and inhibitors of endothelial cell migration, proliferation
and tube formation [4] . Tumor growth progression is
correlated to the serum concentration of angiogenic
mediators [40]. Furthermore, vascular density of tumor
tissues is correlated to the clinical course of tumors[2]. MK
is heparin binding to cytokines involved in neurogenesis,
cell migration and mesoderm-epithelial interactions [41].
Choudhuri et al[11] reported that in vitro tumor cell growth
is not affected by these growth factors, while in vivo tumor
cell growth is correlated to increased vascular density of
tumors. Since MK plays an important role in angiogenesis,
it may be a possible therapy target to suppress angiogenesis
of tumor proliferation.
Under physiological conditions the vasculature is
quiescent in normal adults. Only 0.01% of endothelial
cells in normal adult vessels are in the cell division cycle at
any given time[42]. However, in response to an appropriate
angiogenic stimulus, endothelial cells can be activated to
grow new vessels. In the present study, down regulation
of MK expression could restrain HUVEC proliferation,
sug g esting that endothelial cells can also inhibit
angiogenesis in vivo. Chick CAM assay showed that MK-AS
could inhibit local CAM vasculogenesis.

www.wjgnet.com
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Furthermore, we developed an in situ HCC model
of mice to determine the effect of MK-AS on tumor
proliferation and angiogenesis in vivo. Our results indicate
that MK-AS administration significantly inhibited tumor
growth in the in situ HCC model of mice (Tables 1 and 2).
Furthermore, Mk-AS administration also suppressed
tumor angiogenesis in vivo (Figures 4 and 5). It should
be noted that the tumor cell line originated from human
HCC maintained the complete characteristics of human
HCC tissue, such as AFP secretion, drug sensitivity. In
addition, the pathological evidence also suggests that
this model exhibits various features seen in clinical HCC
patients, indicating that the information provided by this
model can reflect the true clinic results of patients. In
fact, angiogenesis suppressed by transfection with SiRNA
targeting MK in human prostate cancer cell line (PC-3) has
also been reported[43].
It has been well established that tumor g rowth
and metastasis depend on the induction of new blood
supply[44,45]. Angiogenic activity as determined by MVD,
has been shown to correlate with worse prognosis in a
number of solid tumors[46-48]. Therefore, antiangiogenic
agents targeting either these factors or vascular endothelial
cells can be used as promising therapeutic modalities in
treatment of tumors[49]. In the present study, significant
inhibition of angiogenesis was achieved using MK-AS,
indicating that MK-AS is an effective antiangiogenesis
agent.
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INTRODUCTION
Abstract
AIM: To investigate the therapeutic effect of tetrandrine
on liver fibrosis induced by thioacetamide in rats in vivo
and in vitro .
METHODS: In vitro study: we investigated the effect
of tetrandrine on the apoptosis of rat hepatic stellate
cells transformed by simian virus 40 (T-HSC/Cl-6), which
retains the features of activated cells. In vivo study:
hepatic fibrosis was induced in rats by thioacetamide.
Tetrandrine was given orally to rats at doses of 5, 10
or 20 mg/kg for 4 wk compared with intraperitoneal
injection of interferon-г.
RESULTS: In vitro s t u d y : 5 , 1 0 o r 2 5 μg / m L o f
tetrandrine-induced activation of caspase-3 in t-HSC/Cl-6
cells occurred dose-dependently. In vivo study: tetrandrine
treatment as well as interferon-г significantly ameliorated
the development of fibrosis as determined by lowered
serum levels of aspartate aminotransferase (AST),
alanine aminotransferase (ALT), total bilirubin (T-Bil)
and the levels of liver hydroxyproline (Hyp), hyaluronic
acid (HA), laminin (LN) and also improved histological
findings. The effects of tetrandrine at the concentration
of 20 mg/kg were better than the other concentration
groups.
CONCLUSION: Tetrandrine promotes the apoptosis
of activated HSCs in vitro . Tetrandrine administration
can prevent liver fibrosis and liver damage induced by
www.wjgnet.com

Fibrosis represents the response of the liver to diverse
chronic insults such as chronic viral infection, alcohol,
immunological attack, hereditary metal overload, parasitic
diseases and toxic damage. Because of the worldwide
prevalence of these insults, liver fibrosis is common
and ultimately results in cirrhosis that is associated with
significant morbidity and mortality. Hepatic fibrosis,
regardless of the causes, is characterized by an increase in
extracellular matrix constituents, leading to complications
of portal hypertension, esophageal varices and hepatic
failure. The excessive accumulation of extracellular matrix
is characteristic of hepatic fibrosis [1-3]. It is accepted
that hepatic stellate cells (HSCs) play a central role in
the development and resolution of liver fibrosis. HSCs
are localized within the space of Disse and function
to store retinoids in normal liver. In response to liver
damage, HSCs are “activated” to a myofibroblast-like
phenotype. It has recently been shown that recovery
from established experimental fibrosis can occur through
apoptosis of HSCs and is associated with reductions in
liver collagen and expression of the tissue inhibitor of
metalloproteinases. During chronic liver diseases, HSCs
are activated into proliferative, fibrogenic, and smooth
muscle α-actin (α-SMA) positive myofibroblasts, resulting
in liver fibrosis[4,5]. Recently it was reported that during
recovery from acute human and experimental liver injury,
a number of activated HSCs undergo apoptosis, and there
is a significant decrease in the extent of fibrosis within
the same livers in association with this HSC apoptosis[6].
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Therefore, induction of HSC apoptosis might be an
important therapeutic strategy for hepatic fibrosis, while
inhibition of HSC activation might have a role in the
prevention of hepatic fibrosis. The development of
approaches to prevent fibrotic changes in the liver or
reverse the fibrosis is important[7]. However, therapeutic
antifibrotic drugs are still at an experimental stage [8,9].
The major problems of antifibrotics are toxicity owing to
the chronic administration and the lowered therapeutic
effects of the agents used clinically as compared with
in vitro studies. Therefore, developing antifibrotics from
the natural products used in traditional medicine with little
acute toxicity, may improve therapies[10].
Tetrandrine is a bis-benzyl isoquiniline alkaloid from
the Chinese herb radix Stephania tetrandra S Moore. This
compound has been characterized pharmacologically
t o e x h i b i t hy p o t e n s ive, a n t i - i n f l a m m a t o r y, a n d
immunosuppressive properties, to inhibit lipid peroxidation,
and to have an antifibrogenic activity against pulmonary
fibroblasts and an inhibitory effect on typeⅠand Ⅲ
collagen gene mRNA levels in the lung tissue of rats[11-13].
The dried root of S. tetrandra is one of the traditional
Chinese medicines that have long been used to treat
human liver fibrosis and cirrhosis [14]. Tetrandrine also
shows a blocking action of calcium channels, which are
known to play an important role in the regulation of
hepatic stellate cell contractility, a marked phenotype
of activated HSCs[15,16]. For many years, our laboratory
has been screening candidate antifibrotic agents from
natural products that have been used in traditional
medicine to treat liver disease [10,17] . It was previously
reported that tetrandrine has an antifibrotic function
on liver fibrosis in rats induced by bile duct ligation and
scission and tetrandrine exerts a direct inhibitory effect
on rat HSCs[18]. We were intrigued to know if tetrandrine
could improve the liver injury induced by thioacetamide
(TAA). In a preliminary assay, we found that tetrandrine
did induce apoptosis in HSCs. The aim of the present
study was to explore the sequential pattern of apoptosis
and the antifibrotic effect of tetrandrine on hepatic
fibrosis induced by TAA in rats. Our results suggest that
tetrandrine ameliorates development of fibrosis in a TAA
rat model, accompanied by activation of caspase-3 and
reduced number of activated HSCs.

MATERIALS AND METHODS
Reagents
Tetrandrine was purchased from Sigma-Aldrich (St Louis,
MO, USA) and was dissolved in dimethyl sulphoxide (DMSO).
The concentration of tetrandrine used for in vitro experiment
was prepared by dilution with Williams’ medium E
(WME; Sigma-Aldrich). DMSO in cells was maintained
at 0.5%. Thioacetamide (TAA) was also from SigmaAldrich. Hyaluronic acid RIA (HA) kit and laminin RIA
(LN) kit were purchased from Shanghai HaiYan Medical
Biotechnology Center. Interferon-г was from Livzon
Biotechnology Co., Zhuhai, China.
Isolation of hepatic stellate cells and establishment of
t-HSC/CI-6 cell line
The transformed rat hepatic stellate cell line was generated

1215

as described by Kim et al [19] with some modifications.
t-HSC/Cl-6 cells were cultured in WME medium
supplemented with 10% fetal bovine serum (FBS; US
Biotechnologies Inc., Parkerford, PA, USA) and 100
units/mL penicillin G and 100 μ g/mL streptomycin
(Gibco-Invitrogen Corp., Grand Island, NY, USA) and
maintained at 37℃ with 5% CO 2/95% O 2. Cells were
routinely passaged before reaching confluence.
Assay of caspase activity
After different treatments, cells were collected and washed
with ice-cold phosphate-buffered saline (PBS). Cell lysates
were prepared with caspase colorimetric assay kits (R&D
Systems Inc.), according to the manufacturer’s instructions.
Protein concentrations in t-HSC/Cl-6 cell lysates were
determined with a Bio-Rad DC Protein Assay kit (Bio-Rad
Laboratories, Hercules, CA, USA). All of the samples were
assayed in three independent experiments.
Tetrandrine treatment for TAA induced liver injury
Male Wistar rats (initial body weight 200-220 g) were
purchased from the Animal Center of Changchun
Agriculture University. All rats were housed and treated in
accordance with the recommendations of the American
Physiological Society (Council of Europe, 1982). On
receipt, they received normal chow and water ad libitum
and were maintained at 20℃-25℃, relative humidity of
50%-60% with a 12 h light/dark cycle throughout the
experimentation. The rats were divided into six groups
of 10 rats each. The hepatic fibrosis was established
with TAA, which was diluted and administered to the
rats by intraperitoneal injection (200 mg/kg mixed with
water) twice weekly. Rats were given orally by gavage at
a daily dose of 5, 10 or 20 mg/kg of tetrandrine group.
Interferon-г group was given intraperitoneal injection
of 5 × 104 U per rat every day. The normal and control
groups received equal amounts of saline for 28 d. Three
days after the last dose of TAA, the rats were anesthetized
and sacrificed. Then blood was obtained by cardiac
puncture for serum biochemical testing. Blood samples
were kept at room temperature for 1 h and centrifuged
at 3000 r/min for 30 min to obtain sera. The livers were
immediately removed and a slice of the right lobe was
fixed in formaldehyde solution. The rest were divided into
equal parts, frozen in liquid nitrogen and stored at -70℃.
Determination of serum and liver biochemical indices
The level of serum aspartate aminotransferase (AST),
alanine aminotransferase (ALT), and total bilirubin
(T-bil) were measured on an Autodry chemistry analyzer
(Spotchem SP4430, Arkray, Kyoto, Japan). While serum
hyaluronic acid (HA) and laminin (LN) content in the liver
were determined by radioimmunoassay. All procedures
were in accordance to the instructions of the manual.
Determination of hydroxyproline contents in liver
The hydroxyproline content in the liver was determined by
the method described by Jamall et al[20]. Briefly, specimens
of the liver were weighed and completely hydrolyzed in 6
mol/L HCl. A fraction of the sample was derivatized using
chloramine T solution and Erhlich’s reagent, and optical
www.wjgnet.com
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Table 1 Serum biochemical values in fibrotic rats induced by
TAA treated with tetrandrine for 4 wk

b
Caspase-3 acticity
(% of normal)

400

300

200

100

0

Group

AST (IU/L) ALT (IU/L) T-Bil (μmol/L)

Normal
TAA (200 mg/kg)
TAA + tetrandrine (5 mg/kg)
TAA + tetrandrine (10 mg/kg)
TAA + tetrandrine (20 mg/kg)
TAA + interferon-г (5 × 104 U)

102 ± 24
356 ± 70
266 ± 38a
259 ± 45a
227 ± 49d
265 ± 38a

34 ± 11
198 ± 32
142 ± 29b
139 ± 29b
115 ± 30d
137 ± 25b

11.10 ± 1.29
18.63 ± 2.50
15.70 ± 1.42a
15.11 ± 2.26b
14.89 ± 0.89b
15.43 ± 1.36a

P < 0.05; bP < 0.01; dP < 0.001, vs control group.

a

N

5
10
Tetrandrine (μg/mL)

25

Figure 1 Caspase activity analysis. The caspase activity of normal cells was set
at 100% and relative changes in activity are shown in association with drug doses.
Values represent the results of three separate experiments. bP < 0.001, vs normal
control values.

density was measured at 558 nm. A standard calibration
curve was prepared using trans-4-hydroxy-L-proline. The
level of hydroxyproline reflects collagen in the liver.
Histological and immunohistochemical examinations
Liver specimens wer e p r eser ved in 4% b uffer ed
paraformaldehyde and dehydrated in a graded alcohol
series. Following xyline treatment, the specimens were
embedded in paraffin blocks and cut into 5- μ m thick
sections, which were placed on plain glass microscopic
slides. The sections were then stained with haematoxylin
and eosin (HE) or Sirius-red staining, and observed under
a light microscope.
Alpha-smooth muscle actin (α-SMA) for detection of
activated HSCs was assessed immunohistochemically by the
Polymer Detection System using an immunohistological
staining kit and anti-α-SMA monoclonal antibodies.
Statistical analysis
All values are expressed as means ± SD. The results were
evaluated by one-way ANOVA and Tukey’s multiple
comparison tests. Statistically significant differences
between groups were defined as P values less than 0.05.
Calculations were performed with the GraphPad Prism
program (Graphpad Software, Inc, San Diego, USA).

RESULTS
Caspase-3 activation in tetrandrine -induced apoptosis
To assess the involvement of caspases in t-HSC/Cl-6 cell
apoptosis, we detected the enzymatic activity of caspases-3,
a downstream caspase. Activation of caspase-3 occurred
dose dependently induced by the 5, 10 or 25 μg/mL of
tetrandrine (Figure 1).
Liver/weight index
The conditions of rats did not change in control group,
but the activity level of the rats was reduced. The general
states of rats in other groups were much better than those
in control group. Liver/weight index in model group was
www.wjgnet.com

slightly higher than that in other groups, with no statistical
significant difference (data not shown).
Serum biochemical parameters
In rats treated with thioacetamide (TAA; 200 mg/kg,
ip), serum levels of AST, ALT and T-Bil were increased
to 349%, 618% and 168%, respectively, compared with
that of normal rats (Table 1). Tetrandrine (5, 10 or 20
mg/kg per day, po, for 4 wk) significantly lowered serum
AST, ALT and T-Bil levels in rats intoxicated by TAA. In
5 mg/kg tetrandrine-treated rats, serum AST, ALT and
T-Bil levels were lowered to 74.7% (P < 0.05), 71.7%
(P < 0.01) and 84.0% (P < 0.05) compared with that of
control fibrotic rats, respectively. In 10 mg/kg tetrandrine
treated rats, AST, ALT and T-Bil levels were lowered to
72.7% (P < 0.05), 70.2% (P < 0.01) and 81.1% (P < 0.01)
compared with that of control fibrotic rats, respectively.
In 20 mg/kg tetrandrine treated rats, AST, ALT and
T-Bil levels were lowered to 63.7% (P < 0.001), 58.1%
(P < 0.001) and 79.9% (P < 0.01) compared with that of
control fibrotic rats, respectively. In interferon-г treated
fibrotic rats, AST, ALT and T-Bil levels were lowered
to 74.4% (P < 0.05), 69.1% (P < 0.01) and 82.8% (P < 0.05)
compared with that of control fibrotic rats, respectively.
Hydroxyproline matrix contents in the liver
As shown in Figure 2A, liver contents of hydroxyproline
increased to 229%, 4 wk after TAA-treatment (P < 0.001).
Compared with the control fibrotic rats, in fibrotic
rats treated with 5, 10 or 20 mg/kg tetrandrine, the
hydroxyproline contents in the liver reduced to 73.3% (P <
0.05), 67.8% (P < 0.01) or 61.5% (P < 0.001), respectively.
In interferon-г treated fibrotic rats, the hydroxyproline
contents in the liver reduced to 64.6% (P < 0.001).
Extracellular matrix content in serum
As shown in Figures 2B and 2C, serum contents of HA
and LN increased to 251% and 233%, 4 wk after TAA
treatment (P < 0.001). In the fibrotic rats treated with 5,
10, 20 mg/kg tetrandrine or interferon-г, HA content in
the serum reduced to 68.2% (P < 0.05), 62.32% (P < 0.01),
50.73% or 47.09% (P < 0.001), respectively, compared
with the control fibrotic rats. Compared with the control
fibrotic rats, in fibrotic rats treated with 5, 10, 20 mg/kg
tetrandrine or interferon-г, LN content in the serum
reduced to 53.59% (P < 0.05), 55.09% (P < 0.01), 65.09%
(P < 0.01) or 68.30% (P < 0.05), respectively.
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Figure 2 Liver hydroxyproline (A); HA (B) and LN (C) content of the TAA rats treated with tetrandrine. T-5: treated with 5 mg/kg tetrandrine; T-10: treated with 10 mg/kg
tetrandrine; T-20: treated with 20 mg/kg tetrandrin; IFN: treated with interferon-г 5 × 104 U. Results represent the mean ± SD. aP < 0.05; bP < 0.01; dP < 0.001, vs control group.
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Figure 3 Light microscopic appearance (HE × 100) of fibrotic rat liver induced by TAA treated with tetrandrine for 4 wk. A: normal group; B: control group; C: TAA group with
tetrandrine (5 mg/kg); D: TAA group with tetrandrine (10 mg/kg); E: TAA group with tetrandrine (20 mg/kg); F: TAA group with interferon-г (5 × 104 U).

Morphological changes in the liver
In control fibrotic group, the liver stained with HE
and Sirius-red showed inflammation and an extensive
accumulation of collagens (Figures 3B and 4B), fibrotic
septa were increased and seen between areas of portal
to portal and portal to central vein in some parts of liver
lobules, and in some serious units pseudolobules presented.
In tetrandrine and interferon-г treated fibrotic rats, there
was a tendency towards less pronounced destruction of
the liver architecture, compared with control fibrotic rat
liver (Figure 3C-F, and Figure 4C-F).
As shown in Figures 3 and 4, TAA treatment for 4
wk resulted in liver injury, with loss of normal lobular
architecture and a marked increase of collagen deposition
throughout the liver. However, tetrandrine treatment
resulted in reduced collagen deposition in the liver of
TAA-treated rats.
HSC activation was examined immunohistochemically
by determining α-SMA-positive areas in injured rat livers

treated with TAA. Considerable expression was detected in
areas of centrilobular and periportal fibrotic bands in TAA
treated rats (Figure 5B). In normal livers, collagen was
observed only around the central and portal veins (Figure
5A). Activated HSCs were characterized by expression of
α-SMA. In tetrandrine-treated or interferon-г groups, the
expression of α-SMA was much lower than that in control
fibrotic group and the distribution of α-SMA positive cells
was similar to that of collagen in the liver (Figure 5C-F).
In contrast, 20 mg/kg tetrandrine-treated rats notably
reduced the positive areas of α-SMA in the livers of rats
treated with TAA.

DISCUSSION
Thioacetamide (TAA) is a thiono-sulfur containing
compound, undergoing an extensive metabolism to
acetamide and TAA-S-oxide. Whereas acetamide is
devoid of liver-necrotizing properties, TAA-S-oxide
www.wjgnet.com
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Figure 4 Light microscopical appearance (sirius red staining) of fibrotic rat liver induced by TAA treated with tetrandrine for 4 wk. Sirius red stains most hepatic collagens. A:
normal group; B: control group; C: TAA group with tetrandrine (5 mg/kg); D: TAA group with tetrandrine (10 mg/kg); E: TAA group with tetrandrine (20 mg/kg); F: TAA group
with interferon-г (5 × 104 U).
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Figure 5 Representative liver section showing reaction of alpha-smooth muscle cell like actin (α-SMA) with mouse anti-α-SMA monoclonal antibody. α-SMA
immunoreactivity (arrows) was seen in stellate cells in the fibrotic area. A: normal group; B: control group; C: TAA group with tetrandrine (5 mg/kg); D: TAA group with
tetrandrine (10 mg/kg); E: TAA group with tetrandrine (20 mg/kg); F: TAA group with interferon-г (5 × 104 U).

is further metabolized, at least in part, by cytochrome
P-450 monooxygenases to other products, including a
polar product that is thought to be the sulfene, TAA-Sdioxide, a highly reactive compound[21]. Therefore, TAA
is a typical hepatotoxin and causes centrilobular necrosis
by generation of ROS. Although TAA is known mainly
to cause necrosis in the liver, it has been reported recently
that TAA induced apoptosis in rat liver within a few hours
after its administration[22]. The present study showed that
a low dose of TAA induced apoptosis in the pericentral
www.wjgnet.com

areas, whereas a high dose of TAA induced necrosis.
Excessive ROS causes necrosis.
The mechanism by which tetrandrine inhibits rat
hepatic stellate cell activation is not clear. Tetrandrine
administration has been shown to block the calcium
channels in various cell types[23]. Moreover, activated hepatic
stellate cells have receptors for a number of vasoconstrictor
substances such as endotheline, angiotensin Ⅱ, vasopressin,
thrombin and thromboxan A2[24-26]. Therefore, it is likely
that the inhibitory effect of tetrandrine on hepatic stellate
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cell activation is, at least in part, through the blocking
of calcium channels. However, further study is needed
to understand the precise mechanism of tetrandrine on
activated hepatic stellate cells.
Here we showed that tetrandrine is toxic against
t-HSC/Cl-6 cells and antifibrotic. Previous studies
demonstrated that tetrandrine induced apoptosis in
t-HSC/Cl-6 cells, and activated rat hepatic stellate cells
transformed by SV40. The morphologies of tetrandrinetreated cells revealed the typical features of apoptosis
and these apoptotic phenomena were further confirmed
by DNA laddering and annexin v-propidium iodide
double staining[27]. Previous reports have demonstrated
that the caspase family proteases play essential roles in
the process of apoptosis[28]. Caspase-3, which has a short
prodomain and is localized near nuclei, cleaves substrates
at the downstream end of the cascade [29] . This study
demonstrated that the activation of caspase-3 is involved
in tetrandrine-induced cell death including apoptosis.
Moreover, we have shown that tetrandrine is also effective
in mediating HSC apoptosis in vivo after the development
of fibrosis. It suggests that apoptosis of activated HSCs
plays a key role in resolution of hepatic fibrosis.
Our data provide evidence that tetrandrine will
effectively induce HSC apoptosis. In addition, we have
demonstrated evidence that induction of apoptosis in
HSCs enhances the resolution of experimental fibrosis.
Taken together, these observations suggest that a strategy
based on inducing HSC apoptosis may be an effective
antifibrotic approach. The effects of tetrandrine at 20 mg/kg
dose are better than the other groups. In conclusion, our
results demonstrate that tetrandrine administration could
prevent liver fibrosis and liver damage induced by TAA
in rats. In this study, tetrandrine reduced the degree of
hepatocellular injury as determined by lower serum levels
of AST, ALT, T-bil and liver hydroxyproline, serum HA
and LN, and also improved morphological structure of
the fibrotic liver. Our study shows a direct inhibitory effect
on rat HSC activation and an antifibrogenic potential of
tetrandrine in fibrotic rats induced by TAA. Tetrandrine
may have therapeutic effects in human liver fibrosis.

COMMENTS
Background

Fibrosis represents the response of the liver to diverse chronic insults such as
chronic viral infection, alcohol, immunological attack, hereditary metal overload,
parasitic diseases and toxic damage. It is accepted that HSCs play a central
role in the development and resolution of liver fibrosis. Recently it was reported
that during recovery from acute human and experimental liver injury, a number
of activated HSCs undergo apoptosis, and there is a significant decrease in the
extent of fibrosis within the same livers in association with this HSCs apoptosis.
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activated HSCs in vitro and prevent liver fibrosis and liver damage induced by
thioacetamide in rats in vivo.

Applications

The results provide significant evidence illustrating the key feature of recovery
from liver fibrosis is HSC apoptosis.

Terminology

HSCs: hepatic stellate cells; Caspase: Caspases, closely associated with
apoptosis, are aspartate-specific cysteine proteases and members of the
interleukin-1b-converting enzyme family. The activation and function of caspases,
involved in the delicate caspase-cascade system, are regulated by various kinds of
molecules, such as the inhibitor of apoptosis protein, Bcl-2 family proteins, calpain,
and Ca2+.
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In this manuscript by Yin et al, the authors report effect of tetrandrine on the
treatment of liver fibrosis-induced by thioacetamide in rats in vivo and in vitro.
They employed assay of caspase activity to observe the enzymatic activity of
caspases-3, a downstream caspase, occurred dose-dependently and investigated
tetrandrine treatment as well as interferon-г significantly ameliorates the
development of fibrosis as determined by lowered serum levels of AST, ALT, T-Bil
and the levels of liver hydroxyproline, HA, LN and also improved histological
findings. Their data may be critical for the study of the mechanism of resolution of
rat liver fibrosis and shed new light on the liver fibrosis therapy.
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Abstract
AIM: To investigate the contribution of variants of
CARD15, OCTN1/2 and DLG5 genes in disease predisposition and phenotypes in a large Italian cohort of pediatric
patients with inflammatory bowel diseases (IBD).
METHODS: Two hundred patients with Crohn’s disease
(CD), 186 ulcerative colitis (UC) patients, 434 parents (217 trios), and 347 healthy controls (HC) were
studied. Polymorphisms of the three major variants of
CARD15, 1672C/T and -207G/C SNPs for OCTN genes,
IGR2096a_1 and IGR2198a_1 SNPs for the IBD5 locus,
and 113G/A variant of the DLG5 gene were evaluated.
Potential correlations with clinical sub-phenotypes were
investigated.
RESULTS: Polymorphisms of CARD15 were significantly
associated with CD, and at least one variant was found
in 38% of patients (15% in HC, OR = 2.7, P < 0.001).
Homozygosis for both OCTN1/2 variants was more common in CD patients (1672TT 24%, -207CC 29%) than in
HC (16% and 21%, respectively; P = 0.03), with an increased frequency of the TC haplotype (44.8% vs 38.3%
in HC, P = 0.04). No association with the DLG5 variant
was found. CD carriers of OCTN1/2 and DLG5 variants
more frequently had penetrating disease (P = 0.04 and
P = 0.01), while carriers of CARD15 more frequently had
ileal localization (P = 0.03). No gene-gene interaction
was found. In UC patients, the TC haplotype was more

frequent (45.4%, P = 0.03), but no genotype/phenotype
correlation was observed.
CONCLUSION: Polymorphisms of CARD15 and OCTN
genes, but not DLG5 are associated with pediatric onset of CD. Polymorphisms of CARD15, OCTN, and DLG5
genes exert a weak influence on CD phenotype.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The inflammatory bowel diseases (IBD), Crohn’s disease
(CD) and ulcerative colitis (UC) have become increasingly
common causes of morbidity in children [1,2] . Their
prevalence has been on rise with children and adolescent
currently accounting for approximately 30% of IBD
patients[3,4]. Although the precise etiology of IBD remains
elusive, both animal models and human studies point
towards a strong genetic susceptibility.
The characterization of the NOD2/CARD15 gene
at the IBD1 locus (16q12) in 2001 as the first gene
conferring susceptibility to CD represented a milestone
observation[5-7]. Although the role of NOD2 protein in
CD remains under evaluation[8], it is surely involved in
the innate immune response to bacterial pathogens[9,10].
CARD15 major variants are mostly associated with
ileal disease and stricturing behaviour [7]. In pediatric
series, a correlation with ileal localization[11-14], stricturing
behaviour[12,13,15] early surgery[12,13] growth delay[13,14], and
higher disease activity[13,16] has been reported, although
with conflicting findings[17-19].
Functional polymorphisms in the carnitine organic
cation transporter cluster (OCTN1/2)[20] on chromosome
5q31 and mutations in disc large gene 5 (DLG5)[21] on
www.wjgnet.com
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the long arm of chromosome 10 (10q23) have also been
reported to be associated with CD. Linkage on the 5q31
genomic area, the so-called IBD5 risk haplotype, was
first reported by Rioux et al[22]. This 250-kilobase region
contains 5 genes and multiple genetic variants with strong
linkage disequilibrium [22] . A number of studies have
confirmed the association of the IBD5 risk haplotype
with CD [23-28] and UC [28,29]. Peltekova et al [20] found two
novel single nucleotide polymorphisms (SNPs) with
functional mutations, generating a 2-alleles risk haplotype
(TC) predisposing to CD. Replication studies have found
inconsistent genotype/phenotype correlation [30-34] with
some concordance for presence of perianal fistulae[31,33],
which is similar to that obser ved for the IBD5 risk
haplotype[25,28]. More importantly, although Peltekova et al[20]
in preliminary functional studies demonstrated that the
OCTN1/2 variants resulted in impaired transport function
of various organic cations and carnitine, but the precise
link with IBD pathogenesis remains unexplained. All
subsequent replication studies were unable to confirm the
association of TC haplotype in the absence of the IBD5
risk haplotype [30-33], making the assumption of OCTN
variants as causal genes still disputable[35].
Concerning the DLG5 gene, Hampe et al[36] initially
described a susceptibility locus on chromosome 10 in a
genome linkage study. Stoll et al[21] further narrowed down
this risk region and identified two distinct haplotypes
associated with IBD and CD. More specifically, the “risk
haplotype D” was defined by a single non-synonymous
SNP 113G→A; this nucleotide change resulting in
the amino acid substitution R30Q, probably impedes
scaffolding of the protein evaluated in silico analysis. A
collaborative study[37], investigating two independent casecontrol cohorts and one family-based collection confirmed
the association in 2 of the 3 cohorts, although with a
modest effect on the relative risk to IBD (OR = 1.25).
Other groups, however, reported negative findings[30,31,38].
More recently, a more thorough evaluation of the
previously reported cohorts with other large control
populations, has demonstrated that the DLG5 gene is a risk
factor for CD only for men (OR = 2.49, CI 1.5-4), but not
for women (OR = 1.01)[39]. Intriguingly, this difference is
driven by a gender-dependent transmission ratio distortion
among healthy controls (frequency of A allele: men 5.2%,
women 11.3%).
In young patients, IBD might offer the opportunity
to understand the pathopysiology of the diseases in
a for m that is closer to their underlying cause and
mechanisms than in adult, because of a lower influence
of environmental risk factor (i.e. smoking). Paradoxically,
in contrast to the data in adults, there are studies mainly
looking at CARD15 polymorphisms[11-19,40], while being
scarce and conflicting on OCTN1/2 and DLG5 genes[41-44].
Moreover, many pediatric series are flawed by a small
sample size [11,12,15,16,18,19,43,44] , little information on UC
patients[13,15,41], and lack of control populations[11,12,16,17,19].
In this study we have investigated the contribution of
variants of CARD15, OCTN1/2 and DLG5 genes in IBD
predisposition in a large Italian pediatric cohort. We also
examined the genotype/phenotype relationships and genegene interactions.
www.wjgnet.com
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MATERIALS AND METHODS
Study population
Patients under age of 18 at diagnosis were recruited into
this study from 16 tertiary pediatric and gastroenterologic
centres in Italy, in cooperation with a multicenter study
endorsed by the SIGENP (Italian Society for Pediatric
Gastroenterology, Hepatology and Nutrition). Ethical
approval was obtained at all participating centres. All
study participants were Caucasian and their parents gave a
written informed consent.
The diagnosis of CD or UC was established by
conventional clinical, radiological, endoscopic and
histological criteria[45]. Indeterminate colitis was excluded
from the study.
The recruited population was comprised of 200
patients with CD and 186 patients with UC. Blood samples
were also taken from 434 parents, making 217 complete
family trios (108 CD and 109 UC, respectively) available
for analysis.
A total of 347 adult healthy unrelated blood donors
(184 male, mean age 32 years, range 20-45) who served
as controls were randomly recruited from their sites to
minimize the potential geographic differences among San
Giovanni Rotondo (Southern Italy, n = 147), Rome (Centre,
n = 100) and Padova (Northern Italy, n = 100).
Data collection
Retrospective data were collected on patients using a
standardized questionnaire obtaining information on patient
and parental smoking details (at least one cigarette/d),
ethnicity, and IBD family history. Additional clinical
data were collected on patient demographics, age at IBD
diagnosis, medications, extra-intestinal manifestations
and need for resective surgery. Standard investigations
employed in these patients were upper GI endoscopy, ileocolonoscopy, and barium examination. CD disease location
and behavior were categorized according to the Vienna
classification[46]. Presence of perianal fistulae was analysed
separately according to the Montreal’s proposal[47].
In all patients, weight and height percentiles were
calculated at diagnosis. Presence of growth retardation was
defined as a reduction below the 5th percentile for weight,
height or both.
Genotyping
Genomic DNA was extracted from peripheral blood
leukocytes according to standard protocols [48] , and
genotyped in the laboratory of San Giovanni Rotondo
Hospital.
Genotyping for Arg702Trp and Leu1007fsinsC
common CARD15 variants was performed by DHPLC
(denaturing high performance liquid chromatography,
Wave System, Transgenomic Ltd, UK) and restriction
fragment length polymorphisms (RFLP) assay was used
for Gly908Arg (G/C). The 380 base pairs PCR product
was digested with Hha I (New England Biolabs, Ipswich,
MA), yielding 2 fragments of 138 and 242 base pairs in the
presence of C allele and visualized on 2% (w/v) agarose
gel. One hundred random samples were also confirmed
by sequencing on ABI 310 DNA sequencer (Applied
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Table 1 Primers sequences, methodology, and restriction enzymes used for genotyping
Gene locus

SNPs

CARD15

R702W
G908R
L1007fsinsC

IBD5

IGR2198a_1
IGR2096a_1

OCTN1
SLC22A4

C1672T

OCTN2
SLC22A5

G207C

DLG5

R30Q

For
Rev
For
Rev
For
Rev
For
Rev
For
Rev
For
Rev
VIC
FAM
For
Rev
VIC
FAM

Sequence

Methods/enzyme

5’ACCTTCAGATCACAGCAGCC3’
5’GCTCCCCCATACCTGAAC3’
5’AAGTCTGTAATGTAAAGCCAC3’
5’CCCAGCTCCTCCCTCTTC3’
5’CTCACCATTGTATCTTCTTTTC3’
5’GAATGTCAGAATCAGAAGGG3’
5’GGGGCAATTCTATGAGGACA3’
5’CCAGAGACACTGGGACATCA3’
5’GTAGCGAGAGGCTCCACAGT3’
5’TCCTCCATGCTACTGCTCTG3’
5’GGGTAGTCTGACTGTCCTGATTG3’
5’TCTGGAAGAGTCATTCCCAAACTTTC3’
5’AAGGGTGAGGATTC3’
5’AAGGGTGAAGATTC3’
5’CCGCTCTGCCTGCCA3’
5’GCGGCTGGCCTTACATAGG3’
5’CAGGCCCGGAACC3’
5’CAGGCCCGCAACC3’
C_7432738_10

DHPLC
RFLP/Hha Ⅰ
DHPLC
RFLP/Nla Ⅲ
RFLP/Dra Ⅰ
TaqMan

TaqMan

TaqMan

DHPLC: Denaturing high performance liquid chromatography; RFLP: Restriction fragment length polymorphisms; TaqMan: ABI Prism 7700 sequencer detector.

Biosystems, Foster City, CA, USA) according to the
manufacturer’s recommendations.
For OCTN1/2 genotyping, the SLC22A4 1672C/T
and SLC22A 5-207G/C primers were designed using
Primer Express V 1.5 (Applied Biosystems). SNPs were
genotyped using the Taqman system ABI PRISM 7700
(Applied Biosystems, Foster City, CA, USA) as previously
described[33].
For the IBD5 locus, the IGR2096a_1 and IGR2198a_1
SPNs were selected from the haplotype originally
described by J. Rioux[22] (http://www.genome.wi.mit.edu/
IBD5). Genotyping was performed by restriction fragment
analysis as previously described[28]. Results were confirmed
by direct sequencing of representative samples for each
genotype, using ABI cycle sequencing kit V 1.1 and the
ABI 310 genetic analyzer.
For the DLG5 gene, we genotyped the 113 G→A
variant (rs1248696) tagging the haplotype D, the overtransmitted haplotype in the study by Stoll et al[21], with
7700 TaqMan bi-allelic discrimination system. PCR
reactions (15 mL) were perfor med in 1 × TaqMan
Universal PCR Master Mix, 1 × Genotyping Assay Mix,
and 50 ng of genomic DNA. After 2 min at 50℃, and
10 min at 94℃ initial denaturation, reaction was amplified
for 40 cycles: 15 s at 94℃, and 60 s at 60℃.
A summary of primer sequences and methods is
depicted in Table 1.
Detection of antibodies
Whenever serum samples were available, anti-nuclear
cytoplasmatic antibodies (ANCA) were tested by a
standard immuno-fluorescence technique[49]. In addition,
presence of anti-saccharomyces cerevisiae antibodies
(ASCA) was investigated by means of a commercial
ELISA assay (Quanta LiteTM ASCA, Inova Diagnostics Inc,
San Diego, USA)[50].

Data analysis
Comparison of allele and genotype frequencies was
performed by Chi-square and Fisher exact tests when
appropriate. Student’s t test was used to compare means
of continuous variables with the SPSS software ver.
11.5. Tests for Hardy-Weinberg equilibrium, linkage
disequilibrium, haplotype frequency analysis and
transmission disequilibrium were perfor med by the
Haploview Software ver. 3.2 (http://www.broad.mit.edu/
personal/jvbarret/haploview).
Power calculation was performed using the PS software
(http://biostat.mc. vanderbilt. edu/twiki/bin/view/Main/
PowerSampleSize).
Genotype-phenotype associations were analysed by
means of univariate and multivariate stepwise logistic
regression with the SPSS software. This approach allowed
to take into account a dose-response effect (heterozygote
or homozygote), the possible interactions between genes,
and the effect of potential confounding variables (duration
of follow-up, disease localization, etc.). The obtained
P values were corrected (exact P value) for multiple
comparisons. A possible interaction between CARD15,
OCTN1/2, and DLG5 genes was also investigated.

RESULTS
Clinical findings
Main clinical characteristics of patients included in the
study are depicted in Table 2.
The 200 CD patients had a mean age of 21 ± 8
years (range 1-18) with a slight male predominance
(male/female = 115/85). The 186 UC patients had a
mean age of 19 ± 9 years (range 1-18) with a female
predominance (73/113). The mean age at diagnosis and
the mean duration of follow-up (8-9 years) were similar
between the two groups of patients. Eighteen percent

www.wjgnet.com

1224

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

February 28, 2007

Volume 13

21/126 (14)

Surgery: y/n (%)

51/149 (26)

13/137 (7)

EIM: y/n (%)

79/121 (40)

46/140 (25)

Perianal fistulae: y/n (%)

36/164 (18)

Family history: y/n (%)

18/182 (9)

22/164 (12)

ASCA: y/n (%)

77/32 (71)

18/57 (24)

ANCA: y/n (%)

18/86 (17)

65/50 (57)

Smoking y/n (%)

44/156 (22)

40/146 (21)

1/185 (0.5)

EIM: Extra-intestinal manifestations. 1 One patient had upper G-I
involvement only.

of CD had an upper G-I involvement. The incidence
of resective surgery (26% vs 7%, P < 0.01), extraintestinal manifestations (40% vs 25%, P = 0.002),
growth delay (42% vs 14%, P < 0.001) and perianal
fistulae (18% vs 0.5%, P < 0.001) was significantly
higher in CD than in UC patients. In the latter group,
almost half of the patients had a pancolitis (47%). The
incidence of ASCA and ANCA was 71% and 17% in CD
patients, and 24% and 57% in UC patients, respectively,
with a significant difference (P < 0.0001 and P < 0.0001,
respectively).
Genotyping findings
The error rate of genotyping (defined as the percentages
of disagreement in genotypes among 200 random samples
tested in duplicate) was < 1% for all SNPs.
All genotypes in patients and healthy controls
were in Hardy-Weinberg equilibrium. A strong linkage
disequilibrium (D’ > 91) was identified between the two
OCTN1/2 variants, and between each OCTN1/2 variant
and the IBD5 risk haplotype markers as well (r2 > 0.62,
P < 0.001) (Figure 1).
Table 3 summarizes the distribution of genotypes
for the CARD15 variants (Arg702Trp, Gly908Arg and
Leu1007fsinsC), OCTN1/2 variants (SLC22A4 and
SLC22A5), the IBD5 risk haplotype SNPs (IGR2096a_1 and
IGR2198a_1), and DLG5 gene polymorphism (113G→A).
Regarding the CARD15 gene, all three variants
were frequently seen in CD patients as compared to
controls (P < 0.001). By combining the three variants,
www.wjgnet.com
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2

3

4

92
44 (24)
54 (29)
88 (47)

(Vienna)
(Montreal)
104 (52)
135 (67)
40 (20)
45 (23)
56 (28)
20 (10)
60/84 (42)

IGR2096a_1

38 (19)
116 (58)
45 (23)
35 (18)1

IGR2198a_1

Ulcerative colitis
(n = 186)
19 ± 9
11 ± 5
8±8
73/113

SLC22A5

Age (yr)
Age at diagnosis (yr)
Duration of follow-up (yr)
Sex (male/female)
Localization CD: n (%)
- Ileum
- Ileo-colon
- Colon
- Upper G-I tract
Localization UC: n (%)
- Rectum-sigmoid
- Left colon
- Pancolitis
Disease type CD: n (%)
- Inflammatory
- Stricturing
- Penetrating
Growth delay: y/n (%)

Crohn’s disease
(n = 200)
21 ± 8
12 ± 4
9±7
115/85

SLC22A4

Table 2 Clinical and demographic characteristics of patients
with CD and UC as evaluated in last follow-up (mean ± SD)

94
97

Number 8

Figure 1 Evaluation of
linkage disequilibrium in
control subjects between
IBD5 risk haplotype SNPs and
OCTN1/2 variants (r2 > 0.62;
P < 0.001).

96
91

95

38% of CD patients had at least one mutation, and
15% had two mutations (homozygosis or compound
heterozygosis). Respective figures in healthy controls
were 15% and 1%. In carriers of one mutation, the odd
risk was 2.7 (CI = 1.7-4.2; P < 0.001) while that for two
mutations was 17 (CI = 5-58; P < 0.001).
As for the OCTN1 and OCTN2 variants, they were
both significantly increased in CD patients for the
homozygous genotype (1672TT: 24% vs 16% in controls,
P = 0.03) (-207CC: 29% vs 21% in controls, P = 0.03).
Moreover, the two-point haplotype, consisting of the
1672T and -207C alleles (OCTN-TC), was associated with
CD (44.8% vs 38.3% in controls, P = 0.043). The 1672TT
(22% vs 16% in controls) and -207CC (29% vs 21% in
controls) genotypes were also increased in UC patients,
the difference being statistically significant (P = 0.10 and
P = 0.05, respectively). Accordingly, the frequency of TC
haplotype was significantly increased also in UC patients
(45.4% vs 38.3 in controls, P = 0.03).
The markers of IBD5 (IGR2096a_1 and IGR2198a_1)
risk haplotype were both increased for the homozygous
genotype in CD patients compared to controls, although
with this sample size, only the AA genotype of the SNP
IGR2096a_1 was significantly increased (23% vs 14% of
controls, P = 0.01). Among individuals lacking the IBD5
risk haplotype (homozygous with respect to the non-risk
associated allele of IGR2096a_1), only 7% of patients
with CD and 5% of controls carried the TC haplotype,
while in presence of the IBD5 risk haplotype, the TC
haplotype was found in 61.9% of CD patients and 58.7%
of controls. Similar data were obtained in UC patients (data
not shown, available on request).
The distribution of 113G→A polymorphism of
DLG5 was similar in patients and controls. No significant
differences in allele or genotypes frequencies were noted.
We also attempted to analyse the data based on gender of
cases and controls based on the recent findings of male
predominance[39], but results did not differ.
TDT analysis
TDT analysis of UC trios did not show significant transmission distortion of any genetic markers. As expected,
a significant over-transmission towards affected
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Table 3 Genotype distributions of CARD15, OCTN1-2, DLG5 genes, and IBD5 locus polymorphisms
SNPs
CARD15
R702W

G908R

1007fsInsC

OCTN1/2
C1672T

-G207C

IBD5
IGR2198a_1

IGR2096a_1

DLG5
113G/A

P value

Genotype

Crohn’s
disease

TT
CT
CC
CC
CG
GG
CC
CG
GG

5 (3)
38 (19)
153 (78)
2 (1)
25 (13)
170 (86)
1 (1)
25 (13)
172 (87)

TT
CT
CC
CC
CG
GG

42 (24)
79 (46)
52 (30)
50 (29)
84 (49)
38 (22)

TT vs CT and CC
P = 0.03
1.63 (1.04-2.56)

GG
CG
CC
AA
AC
CC

40 (21)
93 (49)
58 (30)
44 (23)
89 (47)
58 (30)

GG vs CG and CC
P = 0.13

AA
AG
GG

1 (1)
16 (10)
148 (90)

OR 95% IC
TT and CT vs CC
P < 0.001
3.47 (2.06-5.86)
CC and CG vs GG
P < 0.001
2.90 (1.55-5.42)
CC and CG vs GG
P = 0.0005
4.62 (2.23-9.57)

CC vs CG and GG
P = 0.035
1.57 (1.03-2.38)

AA vs AC and CC
P = 0.01
1.78 (1.13-2.79)
NS

Controls

P value

Ulcerative
colitis

1 (0)
25 (7)
321 (93)
0 (0)
18 (5)
329 (95)
0 (0)
11 (3)
336 (97)

NS

0 (0)
17 (9)
167 (91)
1 (1)
12 (7)
171 (93)
0 (0)
10 (5)
176 (95)

57 (16)
178 (51)
112 (32)
72 (21)
183 (53)
92 (27)

P = 0.10

55 (16)
175 (50)
117 (34)
50 (14)
176 (51)
121 (35)

P = 0.09

2 (1)
57 (16)
288 (83)

NS

OR 95% IC

NS

NS

36 (22)
76 (47)
49 (30)
46 (29)
77 (48)
38 (24)

P = 0.05

39 (22)
86 (48)
54 (30)
32 (18)
91 (51)
56 (31)

NS

1 (1)
26 (15)
144 (84)

Table 4 Analysis of possible interaction between OCTN TC-haplotype and DLG5 variant with presence (or absence) of at least one
CARD15 variant
CD
CARD15
CARD15+
CARD15-

DLG5+
DLG5DLG5+
DLG5-

UC

Controls

DLG5

OCTN
DLG5
TC haplotype (%)

OCTN
TC haplotype (%)

DLG5

OCTN
TC haplotype (%)

5 (3)
56 (34)
12 (7)
92 (56)

42.6

35.2

11 (3)
38 (12)
44 (13)
241 (72)

44.8

46.2

7 (4)
27 (16)
20 (12)
116 (68)

48.7

39.1

DLG5-positive was defined as the AA or AG genotypes. Data expressed as absolute values or percentages (between brackets). All comparison had a P value > 0.05.

offspring was observed for CARD15 variants in CD
trios: the Arg702Trp (transmitted/untrasmitted [T/U],
24/8, P = 0.004) and Leu1007fsinsC variants (T/U,
14/2, P = 0.027) were significantly over-transmitted.
We did not observe distortion of transmission towards
affected offspring for the Gly908Arg CARD15 variant,
OCTN1/2 variants, and for the two IBD5 riskhaplotype-tagging SNPs IGR2198a_1 and IRG2096a_1.
Regarding the DLG5 variant, an over-transmission of the
wild-type allele of the 113G→A SNP towards affected
offspring was found (T/U, 21/9, P = 0.02).
Gene-gene interaction
For the evaluation of gene-gene interactions, all subjects
were stratified according to their CARD15 genotype.
Genotypes and allele frequencies for the investigated
variants of OCTN1/2 and TC haplotype, and for
G113A variant of DLG5 were not different between
CARD15-positive (carrying at least 1 CARD15 variant)

and CARD15-negative subjects (Table 4). Similarly, no
interactions between OCTN1/2 and DLG5 variants were
found (data not shown, available on request).
Genotye-phenotype analysis
For the analysis of possible correlation between genotype
and phenotype, patients were classified on the basis of
presence or absence of at least one CARD15 variant, TC
haplotype, and DLG5 risk genotype (carriers of the A
allele). Data are shown in Table 5 and Table 6. CD patients
carrying the CARD15 variants had more frequently ileal
localization and less frequently a colonic localization
(OR = 2.8, P = 0.029). Carriers of TC haplotype of
OCTN1/2 variants had more occurrence of a penetrating
disease (48.7% vs 43.5%) as compared with inflammatory/
stricturing behaviour; this difference was statistically
significant when perianal fistulae were not taken into
account (62% vs 43%; P = 0.038) according to Montreal’s
classification. Similarly, a more frequent penetrating disease
www.wjgnet.com
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Table 5 Genotype-phenotype correlation in CD patients evaluated by comparisons of carriers and non-carriers of at least one CARD15
variant (CARD15+), AA/AG genotypes of DLG5 variant (DLG5+) and presence of TC haplotype of OCTN1/2 variants (TC+)
CD n = 200

DLG5+
(n = 17)

DLG5(n = 148)

OCTN
TC haplotype (%)
+
-

17 (23)
21 (17)
48 (64)
64 (53)
10 (13)
35 (29)
16 (21)
18 (15)
P = 0.029 OR 2.83 (1.10-7.33)

1 (6)
13 (76)
3 (18)
3 (18)

33 (22)
80 (54)
34 (23)
29 (20)

46
47
39
53

Disease type CD, n (%)
- Inflammatory
- Stenosing
- Penetrating
F vs S+ I (according to Montreal)

Vienna-Montreal
37 (50) 48 (64)
19 (25) 21 (28)
19 (25) 6 (8)

Vienna-Montreal
66 (54) 86 (71)
19 (16) 22 (18)
36 (30) 13 (11)

Vienna-Montreal
Vienna-Montreal
7 41)
9 (52)
87 (59)
109 (74)
4 (24)
4 (24)
26 (17)
30 (20)
6 (35)
4 (24)
35 (24)
9 (6)
P = 0.011 OR 4.75 (1.29-17.57)

V-M
V-M
45/44
55/56
40/41
60/59
49/62
51/38
P = 0.038 OR 2.13 (1.03-4.4)

Growth delay y/n, (%)
Resective surgery y/n, (%)
EIM y/n, (%)
Perianal fistulae y/n, (%)
ASCA (pos/neg), (%)
ANCA (pos/neg), (%)
Steroids need, y/n (%)

24/35 (41)
23/52 (31)
27/48 (36)
13/62 (17)
31/8 (79)
5/26 (16)
48/27 (64)

36/47 (43)
27/94 (22)
49/72 (41)
23/98 (19)
46/24 (66)
13/59 (18)
86/35 (71)

4/5 (44)
5/12 (29)
9/8 (53)
2/15 (12)
8/3 (73)
1/11 (8)
12/5(71)

49/44
42/46
40/48
45/45
46/58
44/49
43/48

Localization CD, n (%)
Ileum
Ileo-colon
Colon
Upper G-I tract
Ileo vs colon

CARD15+
(n = 75)

CARD15(n = 121)

54/62 (47)
26/122 (18)
58/90 (39)
26/122 (18)
63/29 (68)
15/66 (19)
96/52 (65)

54
53
61
47

51/56
58/54
60/52
55/55
54/42
56/51
57/52

P values are corrected for multiple comparisons.

Table 6 Genotype-phenotype correlation in UC patients evaluated by comparison of carriers vs non-carriers of at least one CARD15
variant (CARD15+), the AA/AG genotypes of DLG5 variant (DLG5+), and presence of TC haplotype of OCTN1/2 variants (TC+)
UC n = 186
Localization UC, n (%)
Rectum-sigmoid
Left colon
Pancolitis
Growth delay y/n, (%)
Resective surgery y/n, (%)
EIM y/n, (%)
ASCA (pos/neg), (%)
ANCA (pos/neg), (%)
Steroids need, y/n, (%)

CARD15+
(n = 36)

CARD15(n = 148)

DLG5+
(n = 27)

DLG5(n = 144)

OCTN
TC haplotype (%)
+
-

7 (19)
11 (31)
18 (50)
3/26 (10)
4/32 (11)
9/27 (25)
4/10 (29)
13/6 (68)
26/10 (72)

36 (24)
43 (29)
69 (47)
18/98 (16)
9/139 (6)
37/111 (25)
14/46 (23)
52/43 (55)
109/39 (74)

9 (33)
6 (22)
12 (45)
5/14 (26)
1/26 (4)
4/23 (15)
5/10 (33)
11/8 (58)
21/6 (78)

28 (19)
44 (31)
72 (50)
16/101 (14)
9/135 (6)
40/104 (28)
13/46 (22)
52/40 (57)
105/39 (73)

45
44
47
43/46
31/46
51/44
42/46
43/40
46/46

(not including perianal fistulae) was found in CD patients
with DLG5 risk variant (24% vs 6%; P = 0.011). No other
significant differences were found between CD and UC
patients (Table 6). No further correlation at this sample
size could be observed when considering patients with
two CARD15 variants, homozygous for TC haplotype or
DLG5 variant. Similarly, no correlation could be found
when evaluating subjects with all three concomitant
gene variants (at least one CARD15 variant, OCTN TChaplotype and DLG5 113G/A).
The correlations between at least one CARD15
variant with ileal localization (OR = 2.8, CI = 1.1-7.5;
P = 0.031), OCTN TC-haplotype and DLG5 113G/A
variant (OR = 4.05, CI = 1.05-15.5; P = 0.041) with
penetrating disease were also confirmed at the stepwise
logistic reg ression, after cor rection for potential
confounders (duration of follow-up).

DISCUSSION
This study reports in the largest available cohort of
www.wjgnet.com

55
56
53
57/54
69/54
49/56
58/54
57/60
54/54

pediatric IBD patients the contribution of variants
of CARD15, OCTN1/2 and DLG5 genes on disease
predisposition and correlation with phenotype. Reports of
pediatric series to date available have been limited to mainly
CARD15 variants[11-19], small number of subjects[11,12,15,16,18,19],
and scarce information on UC patients[13,15,41].
T he car riag e rate of CARD15 variants in our
pediatric population was 38% for CD patients and 20%
for UC patients, not significantly different from figures
in adult Italian population (36% for CD and 15% for
UC, respectively) [51]. This finding is in agreement with
previously reported frequencies in CD pediatric series
ranging form 8.6% up to 60%, with lowest incidence in
Swedish and Scottish population, similarly to the rates
reported in corresponding adult population. Accordingly,
this figure does not support the hypothesis of a stronger
effect of CARD15 variants in early onset of CD. The
relative contribution of each of the three common
variants in our data is consistent with data from adult
populations of IBD patients: 1007finsC confers the
greatest risk (OR = 4.6, CI = 2.2-9.5) and G908R the least
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(OR = 2.9, CI = 1.5-5.4). More specifically, the 1007finsC
and R702W variants were associated with susceptibility to
CD both in case control and family-based analysis, while
the G908R variant was associated only in case control
studies.
Homozygous carriers of OCTN1/2 variants were
significantly more frequent in CD patients as compared
to controls (OR = 1.6, P = 0.03). The TC haplotype was
found in 44.8% of CD patients and 38.3% of controls
(P = 0.04). No evidence of interaction with CARD15
gene was found since the frequency of TC haplotype
was similar in CARD15-positive and CARD15-negative
patients. Furthermore, a trend towards an increase of the
homozygous carriers of OCTN1/2 variants was noticed in
UC patients (P = 0.05), with a significant increase of TC
haplotype (45.4%; P = 0.03), with similar finding in Italian
adult population[33] and two other pediatric cohorts[41,42]. In
contrast, no correlation of OCTN1/2 variants has been
found in other pediatric series[43,44], perhaps for the smaller
sample size of patients and controls. Our study confirmed
the strong linkage disequilibrium between OCTN1/2
variants and SNPs tagging the IBD5 risk haplotype.
Contrary to the Peltekova’s study[20], the large majority
of homozygous carriers of OCTN1/2 variants and
TC haplotype were found in the background of IBD5positive risk allele[35]. Although the possible causal role
of the OCTN1/2 variants could not be excluded, further
functional studies are needed to confirm and explain the
role of these genes in IBD.
The DLG5 variant (G113A) was not correlated with
pediatric IBD, even after stratifying patients and controls
for gender in both the association study and family-based
analysis. In addition, the A (risk) allele was significantly
under-transmitted (P = 0.02), similarly to another adult
series[31]. This might reflect a reduced effect of this variant
in pediatric onset of IBD (5% vs > 10% in corresponding
adult population)[39] and/or an insufficient power of the
study sample. Based on the observed frequency of this
variant in the control population (9%), our study sample
could detect a ± 4.5% difference with a power of 90% and
significance of 0.01.
No interaction between DLG5 variant and CARD15 or
OCTN1/2 variants was found.
When the genotype-phenotype cor relation was
explored, there was only a weak correlation with ileal
disease for CARD15 variants (P < 0.03) and penetrating
disease for OCTN1/2 and DLG5 (P < 0.04, and P < 0.02,
respectively). All these correlations were confirmed in the
stepwise logistic regression analysis.
The cor relation of CARD15 variants with ileal
disease has been widely reported in most studies of
adult[7] and child[11-14,41,44] Caucasian populations. Although
some explanations for this consistent association have
been put forward (e.g. presence of NOD2 in Paneth
cells in terminal ileum, impaired regulation of Panethcell mediated antimicrobial response, perhaps through
impaired production of α -defensin) [52] , the clinical
implications are unclear yet. Less than 50% of CD patients
with ileal localization in this and other studies carry one
CARD15 variant; moreover, carriers of this variant do
not have a disease course and response to therapy, being
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different from non-carriers[53].
The association of OCTN1/2 and DLG5 variants
with penetrating disease is intriguing since both genes are
involved in maintaining mucosal integrity and permeability.
A correlation between OCTN1/2 variants and penetrating
disease has been reported in adult population[31-33], but not
in the only two available studies in children with CD, in
which no correlation[44] or only a correlation with growth
delay was found [41]. Obviously, difference in selection
of patients and duration of follow-up may explain this
discrepancy. In our series, patients with penetrating disease
were more than double than in the above-mentioned
studies [41,44]. Moreover, our definition of growth delay
(below 5th percentile) was more stringent than that of the
Scottish study[41] (below 9th percentile). Nevertheless, when
considering patients with both height and weight delay
below the 5th percentile, a trend towards a correlation with
TC-haplotype was found in our study (P = 0.07).
Regarding the correlation of DLG5 variant with
penetrating disease, no reports are available so far in
children with IBD. Moreover, data in adult population
are very conflicting with no clear genotype-phenotype
correlation demonstrated.
F i n a l l y, n o c o r r e l a t i o n w i t h a g e a t d i a g n o s i s,
family history, active and passive smoking, previous
appendectomy, presence of ANCA and ASCA, growth
delay, use of steroids, or need for surgery could be
demonstrated in our series. Moreover, despite a significant
increase of TC-haplotype of OCTN1/2 variants in UC
patients, no correlation with any clinical phenotype was
found. A potential limitation of this study lies in the large
number of centres involved and the possible lack of
reproducibility of clinical classification (disease behaviour).
This choice allowed, however, to accomplish the study in
the largest population of pediatric IBD patients so far for
genetic purpose. Moreover, all patients were enrolled at
academic referral centres and sorting of clinical features
was obtained through a previously validated standardized
questionnaire.
In conclusion, this study has demonstrated that
the three common CARD15 variants and the recently
described OCTN1/2 variants, but not the 113G/A
DLG5 variant, are associated with susceptibility to CD in
children. Furthermore, all three investigated genes exert
a weak influence on clinical expression of CD; CARD15
variants (Arg702Trp, Gly908Arg and Leu1007fsinsC) are
slightly more frequent in subjects with ileal localization,
while OCTN (1672C/T and -207G/C) and DLG5 (113G/
A) polymorphisms correlate with presence of penetrating
behaviour.
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CONCLUSION: Gastrointestinal symptoms are more
common among adults with the C/C-13910 genotype of
adult-type hypolactasia than in those with genotypes of
lactase persistence.

Abstract

INTRODUCTION

AIM: To study milk consumption and subjective milkrelated symptoms in adults genotyped for adult-type
hypolactasia.
METHODS: A total of 1900 Finnish adults were
genotyped for the C/T-13910 variant of adult-type
hypolactasia and filled in a structured questionnaire
concerning milk consumption and gastrointestinal
problems.
RESULTS: T h e C / C - 1 3 9 1 0 g e n o ty p e o f a d u l t- ty p e
hypolactasia was present in 18% of the study
population. The prevalence of the C/C-13910 genotype
was higher among subjects who were undergoing
investigations because of abdominal symptoms (24%,
P < 0.05). Those with the C/C-13910 genotype drank less
milk than subjects with either the C/T-13910 or the T/T-13910
genotype of lactase persistence (18% vs 38%; 18% vs
36%, P < 0.01). Subjects with the C/C-13910 genotype
had experienced more gastrointestinal symptoms (84%)
during the preceding three-month period than those with
the C/T-13910 (79%, P < 0.05) or the T/T-13910 genotype
(78 %, P < 0.05). Only 9% (29/338) of the subjects with
the C/C-13910 genotype consumed milk and reported no
symptoms from it.
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Gastrointestinal symptoms are a frequent cause for
seeking medical advice in adult working age population[1].
Adult-type hypolactasia, characterised by the down
regulation of lactase enzyme activity in the intestine during
development is the most common enzyme deficiency in
humans[2]. The symptoms caused by undigested lactose,
bloating, diarrhoea and bowel gas are unspecific making
the assessment of the diagnosis of adult-type hypolactasia
a challenge to clinical practice. Symptoms vary greatly in
severity and depend on the amount of lactose ingested
and on individual sensitivity and may overlap with those
of other gastrointestinal diseases such as irritable bowel
syndrome (IBS) or diseases presenting with secondary
lactose malabsorption, i.e. celiac disease [3] . Cases of
individuals suspecting they have lactose intolerance are
more common than the true prevalence of adult-type
hypolactasia[4-9]. It has been shown that lactose-restricted
diets improve symptoms markedly for example in IBS
patients with lactose malabsorption and reduce the number
of visits to the outpatient clinics[10]. Accurate diagnosis
of lactose malabsorption, which is easily treatable by diet
modification, would therefore be cost effective and time
saving.
Diagnosis of adult-type hypolactasia has been based
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on indirect methods, the lactose tolerance test (LTT)
or breath hydrogen test (BHT). Specificity of the LTT
ranges from 77% to 96%, and that of BHT from 89% to
100%. Sensitivities vary from 76% to 94% for LTT and
from 69% to 100% for BHT[11]. These methods are time
consuming for the patient and need substantial assistance
by medical personnel. The determination of disaccharidase
activities and lactase/sucrase ratios from the intestinal
biopsy specimen would be the most accurate diagnostic
method [12] but this invasive method is not suitable for
everyday clinical practice.
It has been demonstrated that lactase non-persistence
is inherited as an autosomal recessive trait. A proportion
of the human population can digest lactose (lactase
persistence) due to a mutation retaining lactase activity[13].
A single nucleotide polymorphism C to T located 13 910
base pairs upstream the lactase gene is associated with the
persistence/non-persistence trait in the Finnish families[14].
Analyses of several hundreds of intestinal biopsies have
demonstrated that the C/C -13910 genotype is associated
with low lactase activity (< 10 U/g/protein) and the C/T-13910
and T/T-13910 genotypes with high activity [14-16] . The
prevalence of the C/T-13910 variant is compatible with the
previously published figures for adult-type hypolactasia in
European, Asian, African-American and Northern African
populations[14-19]. It has been suggested, however, that in
some African tribes the frequency of T-13910 allele does
not parallel with the prevalence of lactase persistence[18].
Lactase mRNA transcribed from the C-13910 allele declines
in the intestinal mucosa of children around five years of
age[20], paralleling with the age of developmental down
regulation of lactase enzyme activity[16]. In vitro -studies of
the C/T-13910 variant have demonstrated greater increase
in lactase promoter activity by the T-13910 variant[21,22]. This
could possibly be explained by the recent finding of
the T-13910 allele binding more strongly the transcription
factor Oct-1 compared to the C-13910 allele[23]. Thus, the
obtained functional data has given evidence for the use
of the C/T-13910 variant as a robust marker for adult-type
hypolactasia.
Here we have genotyped 1900 working-age people
attending primary health care for the C/T-13910 variant
associating with adult-type hypolactasia, and addressed
the question about the prevalence and frequency of
gastrointestinal symptoms as well as consumption of milk
products.

MATERIALS AND METHODS
Participants
1902 adults from the capital area of Finland attending
laboratory investigations in primary health care were asked
to give a blood sample for genotyping of the C/T-13910 variant
of adult-type hypolactasia and to fill in a questionnaire
concerning the daily consumption of dairy products
(normal and delactated milk, sour milk, yoghurt or ice
cream, cheese) and possible milk related symptoms. The
questions asked concerned whether or not a specific dairy
product is included in the diet. Each participant was asked
whether he/she had experienced any gastrointestinal
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complaints during the preceding three-month period.
Frequency of g astrointestinal symptoms was also
evaluated on daily and weekly basis. The questions on
gastrointestinal symptoms covered: (1) the frequency of
gastrointestinal symptoms such as flatulence, bloating,
diarrhoea, heartburn, and constipation (2) the relation of
their symptoms to meals, (3) correlation of the symptoms
to different types of milk products or other foods, (4)
previous diagnosis of lactose intolerance or a GI-disease
such as colon cancer, celiac disease, or Helicobacter
pylori infection. The age of the participants was ticked in
questionnaire in three age groups (18-35 years, 36-51 years,
and 52-64 years) due to the extensive number of study
population. The formulated questionnaire was pre-tested
on a small group of healthy adults. The collection of the
questionnaires and blood samples occurred during a threemonth period from February to May 2004. The study
was approved by the Ethical Committee of the Helsinki
University Central Hospital. All the subjects signed their
written informed consent.
Genotyping
DNA of the study subjects (n = 1900) was isolated
from peripheral blood samples by submerging a blank
strip (Merck, Darmstadt, Germany) into EDTA blood.
Strips were dried and heated in 1 × PCR reaction buffer
(Dynazyme; Finnzymes, Espoo, Finland) containing 10
mmol/L Tris HCl (pH 8.8 at 25℃), 50 mmol/L KCl,
1.5 mmol/L MgCl2, and 0.1% Triton X-100 to degrade
proteins. After centrifuging 10 μ L of the supernatant
containing the DNA, the sample was amplified in a total
volume of 50 μL, containing primers (one biotin-labeled
5’-(Biotin) CCTCGTTAATACCCACTGACCTA-3’) (5
μmol/L) and one unmodified 5’-GTCACTTTGATATG
ATGAGAGCA-3’ (50 μmol/L), dNTPs (1000 μmol/L),
0.5 U of Taq polymerase (Dynazyme, Finnzymes) in a
standard buffer. The PCR cycle conditions used were
as following: an initial round of denaturation at 94℃
for 4 min, then 35 cycles at 94℃ for 30 s, 53℃ for 30 s,
72℃ for 1.15 min, and a final extension of 72℃ for 10
min. The resulting PCR products were analyzed by 1.5%
agarose gel electrophoresis to verify the amplification and
the size of the PCR product.
The C/T-13910 single nucleotide polymorphism was
analysed using the solid-phase mini-sequencing method[24]
that is based on the detection of tritium-labeled T-13910 and
C-13910 alleles in the PCR reaction and measurement of
their ratio using scintillation counter that directly reflects
the ratio between the two sequences in the original sample.
Briefly, in the mini-sequencing of the C/T-13910 single
nucleotide polymorphism, two 10- μ L aliquots of the
biotin-labeled PCR product were captured to streptavidin
coated microtitre wells (Thermo Electron, Helsinki,
Finland). The reaction mixture contained 10 pmol of the
detection primer (5’-GGCAATACAGATAAGATAATGT
AG-3’), 0.1 μL of either 3H-dCTP or 3H-dTTP (Amersham
Biosciences, Little Chalfont, Buckinghamshire, UK) and
0.05 U of DNA polymerase (Dynazyme Ⅱ, Finnzymes,
Espoo, Finland). The reactions were allowed to occur
for 15 min at 56℃ before washing off the unattached
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label. Finally, the attached detection primer was eluted
by NaOH treatment and the radioactivity measured in a
liquid scintillation counter (Rackbeta 1209; Wallac, Turku,
Finland).
Two samples of the 1902 were disqualified after being
found infected with hepatitis B.
Statistical analyses
Statistical analyses were conducted using Tixel (version
8.1), which is a VBA-program for Excel. Descriptive
analyses were conducted with simple logistic regression.
Proportions were compared by using Chi-squared tests
with continuity correction or Fisher’s exact test when
appropriate. Two-sided significance tests were used
throughout.

RESULTS
The frequency of the C/C-13910 genotype associated with
lactase non-persistence among the participants was 18%
(Table 1). This figure corresponds to the earlier published
prevalence of adult-type hypolactasia in the Finnish
population [14-16], implying that the study population is
representative for the general population. There was no
difference in genotype distribution among male and female
subjects, and no difference in separate age groups (data
not shown).
The response rate for the questionnaire was high; a
total of 99% (n = 1885) of the participants returned the
questionnaire. A total of 42% of the patients reported
a new, not gastrointestinal related disease as the reason
for their laboratory visit. Earlier diagnosed diseases
(25%) were the second most common cause for the visit,
followed by gastrointestinal symptoms that were reported
by 19% (348/1787) of the participants. Of these 348
subjects, the adult-type hypolactasia genotype C/C-13910 was
observed in 24% (84/348), which was significantly more
than in the study population (P < 0.05, Table 1).
Subjects with the C/C-13910 genotype had experienced
more gastrointestinal symptoms (84%; 280/330) during
the preceding three-month period than those with the C/
T-13910 (79%; 698/885; P < 0.05) or the T/T-13910 genotype
(78%; 501/641; P < 0.05, Table 2). Those with the C/
C-13910 genotype reported more frequently gastrointestinal
symptoms compared to C/T-13910 or T/T-13910 genotypes,
but the difference was not significant (Table 2).
Gastrointestinal symptoms associated with lactose
intolerance, namely flatulence, bloating and diarrhoea, were
frequent among all genotype groups (Table 3). Flatulence
was the only symptom significantly more frequent among
the subjects with lactase non-persistent genotype compared
to those with genotypes of lactase persistent (P < 0.05).
Those with the C/C -13910 genotype experienced more
bloating (61%) than those with the T/T-13910 genotype (55%)
and C/T-13910 genotype (58%) but the difference did not
reach statistical significance (Table 3).
As many as 45% of the participants informed having
experienced gastrointestinal symptoms after drinking milk
(Figure 1) and 25% of the participants reported symptoms
from food containing milk. It is notable, that only 18%
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Table 1 Frequency of the C/T-13910 genotypes
Genotype

% (n )

GI-complaints % (n )

P

C/C-13910
C/T-13910
T/T-13910
Total

18 (341)
47 (901)
35 (658)
100 (1900)

24 (84)
43 (148)
33 (116)
100 (348)

< 0.05
NS
NS

(60/338; P < 0.01)) of the subjects with the C/C -13910
genotype of adult-type hypolactasia informed drinking
milk with meals, which is significantly less (P < 0.01) than
those with the lactase persistent genotypes C/T-13910 (38%;
333/894) and T/T-13910 (36%; 236/653; Figure 1). The fat
content of the milk was not questioned, but in Finland the
vast majority of people use low-fat or fat-free milk as a
drink. The number of people using low lactose containing
milk as a drink was marginal according the questionnaire.
Only 9% (29/338) with the C/C-13910 genotype of adulttype hypolactasia consumed milk daily and reported no
symptoms from milk. However, one third (18/60) of the
milk drinkers with the C/C-13910 genotype did not answer
the question about milk related symptoms. Most people
with C/C-13910 genotype reporting GI-problems from milk
(69%; 190/274) did not drink milk. The respective number
of people with lactase persistence genotypes who reported
milk-related problems and did not drink milk was 54%
(299/554) for the C/T-13910 genotype and 50% (207/411)
for the T/T-13910 genotype.
Cheese caused gastrointestinal symptoms for 11% of
the participants according to their own judgment: for 17%
of those with the C/C-13910 genotype, 10% of those with
the C/T-13910 genotype and 9% of the ones with the T/
T-13910 genotype (P < 0.05, Figure 2). Among all participants
14% experienced symptoms from cereal or bread, and 37%
from ingested fat (Figure 1) and these were not related to
the genotype of adult-type hypolactasia.
Among the study population, 15% (245/1649) reported
having had a pathological LTT earlier: 36% (109/299) of
those with the C/C-13910 genotype, 11% (82/777) with the
C/T-13910 and 9% (54/573) with the T/T-13910 genotype.
A previous, pathological LTT was reported by 19%
(64/341) of participants with the C/C-13910 genotype, by
10% (89/901) with the C/T-13910, and by 14% (91/658)
with the T/T-13910 genotype. Five out of these 180
subjects with the C/T-13910 or T/T-13910 genotype with a
pathological LTT reported a previously diagnosed possible
secondary cause for hypolactasia i.e. celiac disease. An
undiagnosed celiac disease in two other participants of
these 180 subjects was suggested due to elevated level of
transglutaminase antibodies in their sera[25].

DISCUSSION
The inability to absorb lactose is frequently suspected to
underlie gastrointestinal symptoms in populations with
high prevalence of adult-type hypolactasia and frequent
dairy consumption. In this study we show that subjects
with the C/C-13910 genotype, having low lactase activity in
the intestinal wall[14-17,20] indeed do seek medical advice for
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Table 2 The frequency of gastrointestinal symptoms according to the three genotype groups of lactase persistence/nonpersistence during
previous three months
Abdominal complaints

C/C % (n )

C/T % (n )

T/T % (n )

OR C/C vs C/T
(95% CI)

P

OR C/C vs T/T
(95% CI)

P

During previous three months
Daily
Every other day
Once a week
More seldom than once a week
No complaints

84 (280/332)
23 (78/338)
21 (72/338)
22 (74/338)
17 (58/338)
16 (52/332)

79 (698/885)
22 (199/891)
16 (145/891)
20 (176/891)
20 (177/891)
21 (187/885)

78 (501/641)
19 (127/652)
20 (129/652)
18 (115/652)
21 (138/652)
22 (140/641)

1.44 (1.03-2.02)
1.04 (0.77-1.41)
1.39 (1.02-1.91)
1.14 (0.84-1.55)
0.84 (0.60-1.16)
1.44 (1.03-2.02)

< 0.05
NS
< 0.05
NS
NS
< 0.05

1.50 (1.06-2.14)
1.24 (0.90-1.71)
1.10 (0.79-1.52)
1.31 (0.94-1.82)
0.77 (0.55-1.08)
1.50 (1.06-2.13)

< 0.05
NS
NS
NS
NS
< 0.05

Table 3 The type of gastrointestinal symptoms among three genotype groups of lactase persistence/nonpersistence
Gastrointestinal symptoms

C/C % (n = 294)

C/T % (n = 725)

T/T % (n = 524)

OR C/C vs C/T
(95% CI)

P

OR C/C vs T/T
(95% CI)

P

Flatulence
Diarrhoea
Constipation
Bloating
Heartburn

79 (232)
40 (119)
24 (72)
61 (178)
32 (94)

73 (531)
38 (275)
21 (152)
58 (423)
37 (265)

73 (380)
40 (207)
20 (107)
55 (287)
38 (198)

1.37 (0.99-1.89)
1.11 (0.84-1.47)
1.22 (0.89-1.68)
1.10 (0.83-1.44)
0.82 (0.61-1.09)

< 0.05
NS
NS
NS
NS

1.42 (1.01-1.99)
1.04 (0.78-1.39)
1.26 (0.90-1.78)
1.27 (0.94-1.69)
0.77 (0.57-1.04)

< 0.05
NS
NS
NS
NS

70

100%
(n = 1885)

60

(%)

50

C/C-13910
17.9%
(n = 338)

40
30

T/T-13910
34.6%
(n = 653)

Milk
No milk No
Milk
Milk
No milk No
No milk No
64%
18%
62%
82%
answer 38%
answer
answer 36%
(n = 60) (n = 274) n = 4
(n = 333) (n = 554) n = 7 (n = 236) (n = 411) n = 6

20
10
0

C/T-13910
47.4%
(n = 894)

Food
After
(in general) drinking
milk

Food
containing
milk

Cereals
or bread

Fat

Cheese

Figure 1 Frequency of gastrointestinal symptoms experienced by various foods in
the study population.

abdominal symptoms more often than subjects with high
lactase activity. This occurred although they already had
self restricted their milk consumption.
The response rate in this study was extremely high, 99%,
thus the data about GI-symptoms was comprehensive.
This exceptionally high response rate was achieved by
the sound motivation of both the study subjects and
the laboratory personnel. As expected, gastrointestinal
symptoms were very common (80%) during the previous
three months comparable to the earlier findings[1]. Flatulence
was the only symptom that in this study was significantly
more common among subjects with low lactase (C/C-13910
genotype). Diarrhoea and bloating, which according to
earlier published studies are more common among lactose
malabsorbers[4] were not more frequent among those with
adult-type hypolactasia. These symptoms, however, were
very common in the study population (40%-60%) pointing
out the high prevalence of functional GI-symptoms[26].
The great majority of the study subjects did not drink
milk at all. Milk consumption was rarest in the group

Figure 2 Flow-chart of the use of cow’s milk as a drink in different genotype
groups.

of lactase non-persistent subjects: only 18% reported
drinking milk daily, which might indicate that a natural
aversion of milk has been developed by the subjects with
low lactase activity. This is in agreement with our findings
in a paediatric population in which children with the C/
C-13910 genotype consumed less milk than children with a
non-C/C-13910 genotype[16,27]. The majority of the children
with the lactase non-persistent genotype C/C-13910 reported
that they never drank milk [16]. At the age of 8-9 years,
more than 40% of the subjects with the C/C-13910 genotype
reported drinking less than one dl of milk daily, compared
to 20% of the subjects with the C/T-13910 and T/T-13910
genotype, respectively[26].
Only 9% of those with the C/C-13910 genotype used
daily milk and did not experience symptoms from ingested
milk. This is in line with other studies[6,8,9] showing that not
all individuals with lactose malabsorption report symptoms
from food containing lactose. T he colonic micro
biota is variable[28] and the individual sensitivity to feel
distension of the colon and to sense discomfort varies[29].
Accordingly, the recognition of the possible link between
milk consumption and abdominal symptoms is not always
easy[30]. The meal content has an effect on emptying of
the stomach and thereby affects the lactose load in the
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intestine[31,32]. Most lactose malabsorbers seem to tolerate
small amounts of milk especially during meals[5,33]. Further
studies are warranted to evaluate the amount of lactose
tolerated by different genotype groups.
In this study population, 10% of those with the
genotypes associated with lactase persistence (the C/T-13910
genotype or T/T-13910 genotype) reported that they had
been earlier diagnosed lactose intolerant based on results
of LTT. A possible cause for secondary hypolactasia, i.e.
celiac disease, was found in 3% of these individuals. These
findings imply that LTT, a commonly used method for
diagnosis of lactose intolerance, produces high numbers
of false positive test results as has been earlier observed[11].
One third of those with the C/C-13910 genotype associated
with low lactase reported that they had previously had
a positive LTT. Due to the way our question on earlier
diagnosis of lactose intolerance was formulated, we do not
know the extent of subjects with the C/C-13910 genotype
who might have had a negative result for their LTT.
In conclusion, gastrointestinal symptoms are more
common among adults with the C/C -13910 genotype of
adult-type hypolactasia than in those with genotypes of
lactase persistence. This was seen although individuals
with the C/C -13910 genotype had restricted their milk
consumption. Genotyping of the C/T-13910 polymorphism
is a practical means for defining adult-type hypolactasia.
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Abstract
AIM: To investigate the relationship among the presence
of ulcer lesions, underlying disease, and clinical course in
patients with ischemic colitis.
METHODS: The subjects were 41 patients (10 male and
31 female; mean age 70 years) with ischemic colitis who
were admitted to and received treatment in our hospital
from 2000 to 2006. We compared their characteristics
and analyzed the mean lengths of admission and fasting for 9 patients with ulcer lesions (ulcer group) and 32
without (non-ulcer group).
RESULTS: The groups with presence and absence of
ulcer differed significantly only in white blood cell (WBC)
count. Lengths of fasting and admission were 7.9 d and
17.9 d for the ulcer group and 4.4 d and 10.7 d for the
non-ulcer group, respectively, and significantly longer in
the ulcer group (P = 0.0057 and 0.0001). There was no
correlation between presence of ulcer and presence of
underlying diseases.
CONCLUSION: Lengths of fasting and admission were
significantly longer in patients with ischemic colitis with
ulcer than for those without ulcer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ischemic colitis was first reported as a result of reversible
vascular occlusion of the colon in 1963 by Boley et al[1],
and in 1966 Marston et al[2] suggested the name “ischemic
colitis” for it and clarified its clinical and histopathological
features.
Marston et al [2] classified this disease into 3 forms,
transient, strictures, and gangrene. It is defined as a
“reversible condition caused by obstruction of blood flow
in intestinal tract mucosa without apparent blockage of
the main artery”. In general, it is common in the elderly[3],
and its prevalence increases with age, although it is seen
in younger patients as well[4-6]. Its causes include vascular
factors such as ischemia and embolus[7-9], intestinal factors
such as constipation[5,10], irritable bowel syndrome[11,12] and
history of intestinal surgery[13,14] as well as administration
of drugs such as alosetron[11], cocaine[15], non-steroidal
anti-inflammatory drugs[16], oral contraceptives[17] and oral
laxatives[18].
While surgery is indicated for the gangrenous form
of this disease, transient and stricturing forms are often
ameliorated by bowel rest, fasting, and parenteral fluid
administration alone. The lengths of fasting and admission
vary among individuals. Significant prolongation of healing
is sometimes observed, especially in patients with ulcer.
We therefore examined the associations among etiology,
clinical course, and presence of ulcer lesions in patients
with transient and stricturing forms of ischemic colitis.

MATERIALS AND METHODS
The subjects were 41 patients (10 male and 31 female;
mean age 70 years) with ischemic colitis who were admitted
to and received treatment in our hospital from 2000 to
2006. Patients who developed ischemic colitis during
admission for other diseases were excluded. Ischemic
colitis was diagnosed comprehensively based on the
essential criteria including lack of antibiotic administration,
negative bacterial culture of feces or biopsy, lack of
history of inflammatory bowel disease (IBD), as well as
endoscopic and histopathological findings on biopsy. Age
and mode of disease onset, symptoms and affected sites
were included as complementary parameters.
Patients were divided into 2 groups by the presence
of ulcer lesions and compared for age, gender, affected
sites, hematological findings, performance status (0-4, 0:
asymptomatic; 1: symptomatic but completely ambulant;
2: symptomatic, < 50% in bed during day time; 3:
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Table 1 Clinical features of ischemic colitis patients: Comparison between ulcer and non-ulcer groups (mean ± SD)
Clinical features
Age (mean, range, yr)
Percentage of females (%)
Lesion location: left colon (%)
Performance status 0-1 (%)
WBC (× 109/L)
CRP (mg/dL)
K (mEq/L)
Total cholesterol (mg/dL)
TG (mg/dL)
LDH (IU/L)
CPK (IU/L)

Ulcer group (n = 9)
68 ± 19 (35-87)
77.8
88.9
77.8
12.27 ± 4.67
2.6 ± 4.1
3.8 ± 0.4
179.3 ± 30.6
93.3 ± 41.0
190.0 ± 42.8
80.7 ± 38.9

Non-ulcer group (n = 32)
71 ± 11 (42-92)
75.0
100
87.5
8.44 ± 3.17
1.5 ± 2.3
4.0 ± 0.5
191.4 ± 35.6
73.2 ± 23.4
203.8 ± 37.8
82.7 ± 39.5

Statistical significance
NS
NS
NS
NS
P = 0.0065
NS
NS
NS
NS
NS
NS

Percentage of females and lesion location were evaluated with an χ-square test; Other data were evaluated with Student’s t test after skewing with log
transformation. CRP: C-reactive protein; K: potassium; TG: triglyceride; LDH: lactate dehydrogenase; CPK: creatinine phosphokinase.

Table 2 Underlying diseases: Comparison between ulcer and non-ulcer groups n (%)

Hypertension
Hyperlipemia
Diabetes mellitus
Atrial fibrillation
Cerebral infarction
Chronic constipation
Medications
NSAIDS
Antihypertensive agents
Others
History of abdominal surgery

Ulcer group (n = 9)

Non-ulcer group (n = 32)

6 (66.7)
0
1 (11.1)
1 (11.1)
1 (11.1)
5 (55.6)

19 (59.4)
6 (18.8)
3 (9.4)
1 (3.1)
2 (6.3)
19 (59.4)

NS
NS
NS
NS
NS
NS

0
5 (55.6)
2 (22.2)
4 (44.4)

1 (3.1)
18 (56.3)
5 (15.6)
14 (43.8)

NS
NS
NS
NS

Statistical significance

Percentages were evaluated with an χ-square test. NSAIDS: non-steroidal anti-inflammatory agents.

symptomatic, > 50% of time in bed, but not bed bound;
4: bed bound, using the WHO score criteria), underlying
disease (hypertension, hyperlipemia, diabetes, chronic atrial
fibrillation, cerebral infarction, constipation, and history of
abdominal surgery), oral medications, and mean lengths of
fasting and admission.
All patients underwent endoscopy of the lower
gastrointestinal tract within 3 d after admission and 5 d
after disease onset. As treatment, fasting and bowel rest
with fluid replacement were used in all patients. Twentytwo (53.7%) patients received oral antiflatulents and 13
(31.7%) patients a combination with antibiotics. Total
parenteral nutrition via a central venous line was performed
in none of the patients. After disappearance of abdominal
pain, patients were allowed to begin oral ingestion. Patients
were discharged if they exhibited no relapse of symptoms
after restarting oral ingestion.
Statistical analysis
Data are expressed as mean ± SD or percentag e.
Percentage of females, lesion location, performance status
and underlying systemic diseases were evaluated with an
X-square test. Other data were evaluated with Student’s
t test after skewing variable with log transformation.
All data analysis was performed with the StatView 5.0.
Statistical significance was set at P < 0.05.

RESULTS
Forty-one patients were analyzed (10 male and 31 female;
mean age 70 years). Affected sites included the sigmoid
colon (70.7%), descending colon (51.2%), transverse colon
(12.2%), rectum (4.9%), and ascending colon (2.4%), with
some overlap. The disease developed in 92.7% of the
patients for the first time, and the remaining 7.3% for the
second time. The disease was accompanied by ulcer in 9
(22.0%) patients.
Nine patients had ulcer (2 male and 7 female; mean
age 66, range 35-87 years), the affected site was the left
hemicolon in 8 patients. On the other hand, 32 patients
had no ulcer (8 male and 24 female; mean age 71, range
42-92 years), the affected site was in the left hemicolon
in all of them. In both groups, underlying diseases
including hypertension, hyperlipemia, diabetes, atrial
fibrillation, cerebral infarction, chronic constipation, and
history of abdominal surgery, as well as oral medications,
performance status, and hematological findings were
examined as parameters. The significant difference was
found between groups only in white blood cells (WBC),
which was higher in the ulcer group (12.27 × 109/L) than
in the non-ulcer group (8.44 × 109/L, P = 0.0065; Table 1).
There were no statistically significant differences between
groups in other parameters (Table 1 and Table 2).
Lengths of fasting and admission were 7.9 d and 17.9 d
for the ulcer group and 4.4 and 10.7 d for the non-ulcer
www.wjgnet.com
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Table 3 Durations of fasting and hospitalization: Comparison between ulcer and non-ulcer groups (mean ± SD)

Fasting (d)
Hospitalization (d)

Ulcer group (n = 9)

Non-ulcer group (n = 32)

Statistical significance

7.9 ± 4.1
17.9 ± 6.8

4.4 ± 2.9
10.7 ± 3.6

P = 0.0057
P = 0.0001

group, respectively, being significantly longer in the ulcer
group (P = 0.0057 and 0.0001; Table 3).

DISCUSSION
The etiology of ischemic colitis remains unclear. However,
it may involve combination of vascular factors such as
hypertension or hyperlipemia and intestinal factors such
as chronic constipation and history of abdominal surgery.
These may cause reduction of blood flow in the mucosa
or wall of the intestinal tract, leading to ischemia. In the
present study, patients with hypertension (61%), chronic
constipation (58.5%), and history of abdominal surgery
(43.9%) exhibited higher prevalence of ischemic colitis,
which are consistent with previous reports[19,20].
Tohda et al[7] detected the correlation between arteriosclerosis and ischemic colitis using pulse wave velocity
(PWV) as an indicator related to vascular factors, and
reported higher PWV levels for the elderly. Similarly, we
compared the contributions of vascular and intestinal
factors to the occurrence of ischemic colitis in age, and
observed that 2 (25%) patients developed the disease
because of vascular factors and 7 (87.5%) patients because
of intestinal factors among the eight younger patients
aged less than 60 years. This indicates that vascular factors
contribute predominantly to development of ischemic
colitis.
In the present study, only WBC at admission was
correlated with presence of ulcer. Notably, no difference
in number of WBC between H pylori-infected patients
with gastritis and those with ulcer has been noted [21].
Additionally, little difference has been reported in number
of WBC between those with active disease and those
with inactive disease in patients with inflammatory bowel
disease [22]. Bjornestad et al [23] performed three routine
laboratory tests (white blood cell count, hemoglobin
concentration and erythrocyte volume fraction) in patients
with four acute abdominal diseases (acute mesenteric
ischemia: AMI, perforation of colon, perforation of peptic
ulcer and intestinal obstruction). The WBC in patients
with AMI was significantly higher than the normal range.
The three variables were higher in AMI patients than in
the other patients (P < 0.001). The discriminant analysis of
the variables classified 80% of the patients correctly into
AMI and non-AMI groups. This difference may reflect the
inflammatory response in the acute stage and biological
reactions associated with continued chronic inflammation.
This is the first report on lengths of fasting and
admission in patients with ischemic colitis. In the present
study, these lengths were 7.9 d and 17.9 d for the ulcer
group and 4.4 d and 10.7 d for the non-ulcer group,
respectively, being significantly longer in the ulcer group.
Although we did not evaluate patient quality of life
www.wjgnet.com

(QOL), stress on patients due to fasting and prolonged
admission may cause a decrease in QOL. In addition, the
costs associated with prolonged admission also causes a
problem.
Strategies for the treatment of ischemic colitis are
determined based on the severity of ischemia. Surgery
is indicated for the gangrenous form of the disease. On
the other hand, for transient and stricturing forms of the
disease, younger patients may obtain prompt relief solely
with follow-up, while older patients or those who have
severe abdominal pain will require hospitalization, fasting,
and management using parenteral fluid administration.
Lengths of fasting and admission were significantly
longer in patients with ischemic colitis with ulcer than in
those without ulcer. Ulcer associated with ischemic colitis
is often localized in the left hemicolon. Noninvasive and
local ulcer treatment such as use of enema preparations in
addition to conventional treatment centering on bowel rest
should be considered for ischemic enteritis accompanied
by ulcer.
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Abstract
AIM: To investigate the role of preoperative biliary
drainage (PBD) in the outcome of classical pancreaticodu
odenectomy.
METHODS: A 10-year retrospective data analysis
was performed on patients (n = 48) undergoing
pancreaticoduodenectomy from March 1994 to
March 2004 in department of surgery at SMS medical
college, Jaipur, India. Demographic variables, details
of preoperative stenting, operative procedure and post
operative complications were noted.
RESULTS: Preoperative biliary drainage was performed
in 21 patients (43.5%). The incidence of septic
complications was significantly higher in patients with
biliary stent placement (P < 0.05, 0 vs 4). This group
of patients also had a significantly higher minor biliary
leak rate. Mortality and hospital stay in each group was
comparable.
CONCLUSION: Within this study population the use of
PBD by endoscopic stenting was associated with a high
incidence of infective complications. These findings do
not support the routine use of biliary stenting in patients
prior to pancreatico-duodenectomy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Pancreaticoduodenectomy is a challenging operation
and is associated with high morbidity[1]. In the last two
decades peri-operative mortality has decreased to less
than 5% in published series from specialized centers[2,3];
although the morbidity remains high (25%-50%). The
impact of jaundice on post-operative morbidity and
mortality is well known. However the routine use of preoperative biliary drainage (PBD) remains controversial[4].
The potential advantages of preoperative stenting include
improved nutritional, metabolic and immune function,
and the possibility of reduced postoperative morbidity
and mortality rates [5-7]. Opponents of PBD argue that
it increases infective complications and morbidity [8,9].
There are, however, certain clinical situations such as
acute suppurative cholangitis and severe malnutrition
where urgent biliary drainage is indicated and can be
life-saving [10] . It is not clear whether the procedure
itself or its complications influence the morbidity after
pancreaticoduodenectomy. The optimal duration of
preoperative drainage also remains unknown. Experimental
studies have indicated that a period of 6 wk is necessary
to obtain clinical benefit with PBD[11]. On the other hand,
a clinical study has shown a higher incidence of morbidity
and mortality when surgery was carried out within 6 wk
of stent placement[12]. Although several reports have been
published, still there are no clear guidelines regarding use
of PBD in these patients. The aim of this study was to
evaluate the effect of endoscopic PBD on morbidity and
mortality after pancreatico-duodenectomy in a low volume
center.

MATERIALS AND METHODS
Details of 48 patients who underwent Kosch-Whipple's
pancreaticoduodenectomy for periampullary tumors
(excluding tumor of the pancreatic head) from March 1994
to March 2004 were entered into a database that included
patient characteristics, details of biliary stenting and stentrelated infective complications, surgery, morbidity and
mortality. Pancreaticoduodenectomy was performed in
the Department of Surgery, S.M.S. Hospital, Jaipur by a
single surgical team using a standard Kosch-Whipple’s
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Table 1 Patient variables in the stented and non stented groups

Patients (n)
Median age (yr)
Sex ratio (M:F)
Mean serum
bilirubin (mg/dL)
Albumin (mg/dL)
Location of tumor
Ampulla
Bile duct
Duodenum

PBD

No PBD

Significance

21
50 (25-68)
10:11
7.85 (SD ± 5.59)

27
48 (30-72)
15:12
11.83 (SD ± 9.05)

0.453
0.446
0.588
0.561

3.34 (SD ± 0.7)

3.17 (SD ± 0.82)

0.872

18
0
3

25
1
1

0.439
0.373
0.188

technique. Before year 2000 most reconstructions involved
a pancreatojejunostomy (n = 17), but after year 2000
pancreatogastrostomy (n = 31) was performed according
to the surgeon’s preference. Patients with chronic and
benign diseases were excluded from this study. The data
were collected retrospectively as well as prospectively and
were reviewed.
Pancreatic leak was defined according to the criteria
described by Yeo et al[9]: pancreatic fistula was diagnosed
when more than 50 mL of drainage fluid with an amylase
concentration of more than 3 fold the normal upper
limit in serum was obtained on or after postoperative d 5,
or when pancreatic anastomotic disruption was shown
radiologically. Biliary leak was defined as more than 50
mL bile per day in the drain for at least three consecutive
days after postoperative d 7. Biliary leak less than 50 mL
per day in drain after postoperative d 3 was considered
minor bile leak. Infectious morbidity was defined as
any complication with evidence of associated localized
or systemic infection indicated by fever, leucocytosis and
positive culture.
Statistical analysis
Results are expressed as medians and ranges or as numbers
and percentages of patients. Two tailed t test, chi-square
test and binary logistic regression analysis were used for
data analysis. SPSS statistical package was used (SPSS
v13.0, Chicago, USA) for analysis. Differences were
considered statistically significant at P < 0.05.

RESULTS
For ty eight patients had Whipple’s operation for
periampullary tumors. Twenty five patients (52.1%)
were male and 23 (47.9%) were female. Median duration
between onsets of symptoms to presentation was 3 mo
(range 1 mo to 17 mo). The median age at presentation
was 49 years (range 25 to 72). At admission 44 patients
(91.7%) had jaundice [mean preoperative total bilirubin
level was 10.09 mg/dL (SD ± 7.91)], 33 (68.8%) had
abdominal pain, and 6 (12.5%) had a history of vomiting.
Twenty-five (52.1%) patients noticed weight loss, and 27
(56.3%) had anemia. Preoperative liver function tests and
other investigations are outlined in Table 1.
Forty three (89.6%) patients underwent side-viewing
endoscopy for diagnosis. Preoperative histological
diagnosis was obtained in 29 (60.4%) patients. Twenty one

Table 2 Morbidity and mortality in the two groups

Sepsis
Wound infection
Minor bile leak
Pancreatic leak
Bleeding
Lymphorrhea
Median hospital stay (d)
Mortality

PBD

No PBD

Significance

4
5
3
6
1
2
13 (1-147)
3

0
1
0
2
0
4
12 (9-32)
5

0.018a
0.037a
0.043a
0.106
0.252
0.580
0.943
0.690

a

P < 0.05, PBD vs No PBD.

(43.8%) underwent preoperative biliary stenting at the time
of preoperative instrumentation with drainage established
successfully in all stented patients. All patients in stented
group (21) underwent stenting by an endoscopical
approach and plastic stents were used for drainage.
There were no statistically significant differences in the
demographics and pre-operative variables between patient
groups with or without PBD (Table 2). Mean pre-operative
serum bilirubin in the PBD group was 7.85 (SD ± 9.05)
and 11.83 (SD ± 5.59) in non PBD group (P ≥ 0.05).
T hir ty one (64.6%) patients had pancreaticogastrostomy and 17 (35.4%) patients had pancreaticojejunostomy. The majority of the patients (43; 89.6%)
had ampullary (ampula of Vater) carcinoma, whilst 4
(10.4%) patients had duodenal carcinoma and one patient
had cholangiocarcinoma. Histopathological examinations
of specimens revealed well differentiated tumors in 43
patients (89.6%); whilst other 5 were poorly differentiated.
Only 8.3% of patients had lymph node involvement
identified in surgical specimens and only 3% of the
patients had positive resection margins.
All postoperative complications and subpopulation
analyses between PBD and non-PBD groups are shown
in Table 2. Postoperative sepsis occurred in 8.3% (4/48)
of patients. Median hospital stay was 13 d (1-147 d)
and overall mortality was 16.67%. One patient had
postoperative bleeding that required re-exploration.
There were 6 (12.5%) patients with wound infection and
lymphorrhoea each and one patient developed delayed
gastric emptying. Subpopulation analysis demonstrated
a higher occurrence of infection and wound infection in
PBD group (P ≥ 0.05).

DISCUSSION
Pancreatico-duodenectomy is recognized as an acceptable
surgical option in patients with pancreatic malignancies
although the routine use of PBD remains controversial.
In general, our unit’s protocol is against PBD but within
this series almost half of the patients (21/48) were already
stented as they were referred from other centers. This may
be reflected by the late presentation of patients in this
series (the duration of symptoms varied from 1 mo to over
one year).
There were some changes in the surgical technique
in our study over the study period. During the initial
years, classical pancreaticoduodenectomy was done with
www.wjgnet.com
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pancreatico-jejunal (Dunking) anastomosis and 17 patients
had pancreaticojejunal anastomosis (35.4%). Later on
pancreatico-gastric direct duct to mucosa anastomosis
was favoured in 31 patients. The morbidity and mortality
rates were not significantly affected by the technique of
pancreatic anastomosis to the gastrointestinal tract.
Half of the patients had bilirubin levels more than 10
mg% and only 4 cases (8%) presented without jaundice
at the time of admission to our surgical unit. An average
bilirubin level of 10 mg% at presentation has been
reported in other studies. Earlier studies reported that
there is an increased morbidity and mortality associated
with severe jaundice (> 10 mg%)[13,14]. On the contrary,
some recent studies have reported that the severity of
jaundice has no influence on postoperative morbidity and
mortality[15]. Povoski et al[8] concluded in their study that
PBD, but not preoperative biliary instrumentation alone,
was associated with increased morbidity and mortality
rates in patients undergoing pancreatico-duodenectomy. In
a prospective review, Sohn et al[9] reported the incidence of
wound infection and pancreatic fistula to be significantly
higher in stented patients.
The overall morbidity in our study of 48 cases was
35.41% (17 cases) and mortality was 16% (8 cases). In
the first 5 years of our experience with pancreaticoduodenectomy, the operative mortality rate was 17.6%,
which reduced to about 9% in last five years. Two patients
died because of non surgical complications; one from
dengue fever and one of myocardial infarction at the
time of discharge. In our study, PBD was associated with
increased morbidity following pancreatico-duodenectomy
while mortality rates were unchanged. Although recent
reports have shown that there is no change in infectious
complication rates, notably wound infection, after
PBD[16,17], our experience was different. The stented group
had significantly higher morbidity (41%) in comparison to
the non-stented group (30.7%). Wound infection, sepsis and
minor bile leak were found to be main complications in the
stented group. The wound infection rate was 27.2%, and
fever 18.1%, both significantly higher in the stented group
(P ≥ 0.05). Minor biliary leak was significantly higher in
the stented group (n = 3) (P ≥ 0.05) (Table 2). Further
regression analysis showed that PBD was associated with
infective morbidity arising from stent placement. Larger
prospective studies are needed to resolve the issue of
duration of PBD. Other complications such as pancreatic
leak, hemorrhage and lymphorrhoea were not influenced
by stenting. The mean hospital stay in the two groups was
comparable in spite of septic complications.
Some published studies suggest that stenting may have
an effect on bile duct bacterial colonization and cause more
infective complications[8,12]. Supporting the data above, our
study confirms that PBD may have a negative impact on
postoperative outcome after pancreatico-duodenectomy.
However, judicious use may reduce the incidence of septic
complications in selective patients. Randomized controlled
trials in patient groups such as those with severe obstructive
jaundice are required to address these controversies and
improve outcomes and avoid unnecessary morbidity and
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mortality associated with PBD.
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Abstract
AIM: To investigate the relationship between myeloperoxidase polymorphisms as a host-related factor and
atrophy caused by H pylori .
METHODS: Our study enrolled 77 patients. Biopsy
materials obtained during gastrointestinal endoscopies
were evaluated for the presence of H pylori . Polymerase
chain reaction-restriction fragment length polymorphism
assay was used to characterize myeloperoxidase
genotypes.
RESULTS: Forty four patients (57.1%) were Hp (+)
and 33 (42.9%) were Hp (-). Sixty six (85.7%) had GG
genotype, 10 (12.9%) had GA genotype and 1 (1.29%)
had AA genotype. The change in atrophy in relation to
neutrophil infiltration was significant in Hp (+) patients
(P = 0.0001). The change in atrophy in relation to
neutrophil infiltration in patients with GG genotype was
significant (P = 0.002). However, the change in atrophy
in relation to neutrophil infiltration was not significiant in
patients with Hp (+) GG genotype (r = 0.066, P = 0.63).
CONCLUSION: Myeloperoxidase genotype is critical
for development of atrophy in relation to the severity
of inflammation. However, it is interesting to note that,
H pylori does not show any additive effect on
development of atrophy.
© 2007 The WJG Press. All rights reserved.

Key words: Gastritis; Gastroduodenal ulcer; Gastric
cancer; Myeloperoxidase; H pylori

Yilmaz Ö, Dursun H, Gürsan N, Pirim İ, Yılmaz A, Okcu N.
Effects of the myeloperoxidase 463 gene polymorphisms on
development of atrophy in H pylori infected or noninfected
gastroduodenal disease. World J Gastroenterol 2007; 13(8):
1243-1246

http://www.wjgnet.com/1007-9327/13/1243.asp

INTRODUCTION
H pylori is an agent that produces chronic infection in more
than half of the world population[1]. The most important
characteristic of H pylori infection is that it causes chronic
active inflammation in the gastric mucosa, which involves
neutrophils and monocytes[2]. While 100% of the persons
carrying this microbe develops gastritis, the lifetime risk
of peptic ulcer is 15%-20% and that of gastric cancer is
1%-3%[1].
The role of host-related factors in the pathogenesis of
diseases caused by H pylori has been greatly ignored up to
date[3,4]. It was demonstrated that the ability of the host to
regulate the production of cytokines is influenced by the
presence of polymorphisms in the promoter region of the
relevant genes[5]. The polymorphisms in the genes affecting
the production of cytokines might be one of the factors
that lead to the interpersonal differences in the severity of
gastric inflammation[3,5].
Myeloperoxidase (MPO) is a lysosomal enzyme
found in the azurophilic granules of polymorphonuclear
leukocytes (PNL) [6-9]. There are two promoter regions
affecting MPO; -463G/A and -129G/A[10]. Allele A of this
polymorphism reduces mRNA expression and thus, tissue
damage in local inflammation is decreased[8,9,11]. Allele G
has 25 times more transcriptional efficacies compared
to allele A. The G/G genotype confers higher risk for
persistent H pylori infection[12,13].
H pylori activates the oxidative metabolism in
neutrophils [14]. Reactive oxygen products such as free
oxygen radicals released from neutrophils, (O 2-), H 2O 2
and hydroxyl ion (OH-) reacts with MPO and hypochloric
acid (HOCI) is formed. Monochloroamines (NH2CI) are
formed when HOCI reacts with the ammonium produced
by the urease enzyme of H pylori. Monochloroamines
are oxidizing agents that are able to induce DNA
fragmentation [4,8,14-16]. Thus, it has been advocated that
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myeloperoxidase is involved in gastric damage induced
by H pylori [4,11,17]. We assessed the association between
neutrophil infiltration and atrophy caused by H pylori and
MPO gene polymorphisms.

MATERIALS AND METHODS
We enrolled 77 patients (46 males, 31 females) who had
undergone endoscopic examinations due to epigastric pain,
dyspepsia, nausea and vomiting or weight loss. Patients
who received antibiotic therapy, proton-pump inhibitors or
non-steroid anti-inflammatory drugs within 3 mo prior to
endoscopies were excluded.
Based on the endoscopic findings, 24 patients had
gastritis, 26 had ulcers (duodenal or gastric ulcers) and 27
had gastric cancers. Diagnosis of patients who showed
malignant findings in their endoscopies was confirmed
by pathologic examination. In the light of endoscopic
findings, two biopsies were obtained each from the
antrum, angulus and corpus mucosa of the tissue adjacent
to ulcer region and regions distant to malignant lesions.
Biopsy materials were transferred into 3 separate small
bottles containing formaldehyde and sent to the laboratory
for evaluation of H pylori and pathologic examinations.
Also, peripheral blood samples (3 mL) were collected
from enrolled patients simultaneously and transferred into
EDTA hemogram tubes. The tubes were transferred to the
genetic laboratory under appropriate conditions avoiding
coagulation.
Histopathologic examinations
The materials brought to the patholog y laboratory
were embedded in paraffin after follow-up procedures.
Subsequently, cross-sections of 3-4 microns thick were
obtained from the paraffin blocks. These cross-sections
were stained by hematoxylin-eosin, Giemsa and WarthinStarey stains, respectively. Preparations were divided into
two groups as negative or positive based on the presence
of H Pylori during direct visualization under a light
microscope. Biopsy materials were staged according to
neutrophilic activity, chronic inflammatory cell infiltration,
glandular atrophy, intestinal metaplasia and H pylori density
using criteria from the modified Sydney classification
system. Each feature was evaluated as none (0), mild (1),
moderate (2) or apparent (3)[18]. After all patients were
scored according to 4 parameters of Sydney classification,
sum of the parameters was calculated for three biopsy
regions.
Myeloperoxidase genotyping
Patient blood samples transferred into EDTA tubes were
used for DNA isolation. DNA isolation was performed
using the column method (Gentra DNA isolation kit).
Myeloperoxidase polymorphism analysis was performed
by PCR and restriction fragment length polymorphism
(RFLP) methods. Primers to be used were designed to
detect Codone 463 of the myeloperoxidase gene.
Preparation of DNAs for PCR
Twenty microlitres DNA from each patient was transferred
into 0.2 mL Eppendorf tubes. After addition of two
www.wjgnet.com
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Table 1 Distribution of myeloperoxidase genotypes in Hp (+)
and Hp (-) patients according to endoscopic findings

n (%)
Gastritis
Ulcer (gastric or duodenum )
Gastric cancer
Myeloperoxidase GG
Myeloperoxidase GA
Myeloperoxidase AA
Neutrophil infiltration

Hp (+)

Hp (-)

Total

44 (57.1)
13
18
13
37
7
2.80 ± 1.941

33 (42.9)
11
8
14
29
3
1
0.88 ± 1.24

77 (100.0)
24
26
27
66
10
1
1.97 ± 1.91

Hp (+): H pylori positive group; Hp (-): H pylori negative group; P < 0.0001,
vs the Hp (-) group. 1Mean ± SD of a score of 0-3 according to the updated
Sydney system.

different primers (forward pimer 5’-CCGTATAGGCAGA
GAATGGTGAG-3’ and reverse primer 5’-GCAATGGT
TCAAGCGATTCTTC-3’), 1.5 μL; dNTP mix, 1 μL; Taq
DNA polymerase, 1 μL; PCR buffer, 10 μL and distilled
water, 15 μL, these tubes were placed into a PCR machine.
PCR conditions were primer annealing at 56℃ for 1 min,
polymerization at 72℃ for 1 min, and denaturation at
94℃ for 1 min. Thirty cycles were carried out[19]. The PCR
product (amplicon) was incubated with Acl-I enzyme at
37℃ for 1.5 h and separated on a 2% agarose gel. DNA
fragments on the gel were visualized after staining with 0.5
μg/mL ethidium bromide (EtBr).
Statistical analysis
Statistical analyses were performed using SPSS 11.0 for
Windows statistical software, Kendall’s Tau test and Linear
regression analysis. P values < 0.05 were considered
significant.

RESULTS
The mean age of the patients was 54.9 ± 14.1 years
(19-82). Pathologic examination revealed that 44 of them
were Hp (+) and 33 were Hp (-). Based on MPO gene
polymorphism, 66 patients (85.7%) had GG genotype,
10 (12.9%) had GA and 1 (1.29%) had AA genotype.
The patient with genotype A was an Hp (-) ulcer patient
(Table 1).
There was a difference between H pylori (+) and
H pylori (-) patients with respect to PNL infiltration (P =
0.0001). The change in atrophy in relation to neutrophil
infiltration was significant in Hp (+) patients (y = 0.700x
+ 0.051) (P = 0.0001) (Figure 1). No such correlation was
found for Hp (-) patients (y = 0.1214x + 0.50) (y: atrophy, x:
neutrophil infiltration) (Figure 2) .
We found a significant correlation between atrophy
and neutrophil infiltration in patients with GG genotype
(n = 66) (y = 0.252x + 0.239) (P = 0.002). There was an
insignificant correlation between atrophy and neutrophil
infiltration in patients with GA genotype (n = 10) (y = 0.15x
+ 1.387) (P = 0.56).
Among the Hp (+) patients, the correlation between
atrophy and neutrophil infiltration was insignificant for
patients with both GG (n = 37) and GA genotypes (n =
7) (r = 0.066, P = 0.63; r = -0.474, P = 0.18, respectively).

Yilmaz Ö et al. Effects of MPO gene on H pylori related diseases
8

4
2
0

y = 0.1214x + 0.5015
2
R = 0.0331

6
Atrophy

Atrophy

8

y = 0.7001x + 0.0514
2
R = 0.4386

6

1245

4
2

0

2

4
Neutrophil infiltration

6

0

8

0

2

4
6
Neutrophil infiltration

8

10

Figure 1 Changes in the atrophy in relation to neutrophil infiltration in Hp (+)
patients.

Figure 2 Changes in the atrophy in relation to neutrophil infiltration in Hp (-)
patients.

Among the patients with Hp (-), we found an insignificant
correlation between atrophy and neutrophil infiltration in
patients with both GG (n = 29) and GA genotypes (n = 3)
(r = 0.316, P = 0.06; r = 0.816, P = 0.22, respectively).
Since our sample size was small, a statistical analysis for
MPO AA (n = 1) genotype could not be performed.

human genome. It is known that in some cases, they
modify the expression or function of gene products. Any
polymorphism could affect susceptibilities to and outcome
of an illness through the interaction of environment and
genetics[25].
The question of how the variations in the genes
associated with inflammation affect the inflammatory
response induced by H pylori and accompanying gastric
pathologies is an interesting one [26]. It has been stated
that MPO itself might modulate susceptibilities to
clinical outcomes of several illnesses where neutrophils
are involved[10]. In a number of studies, the association
between MPO polymorphisms and several conditions
including chronic granulomatous illness, Alzheimer’
s disease, malignancies such as the lung or pharyngeal
cancer, some types of leukemia, atherosclerosis,
periodontal diseases, multiple sclerosis and cystic fibrosis
were reported [4,8,11-13]. Hamajima et al [12] investigated a
myeloperoxidase genotype with low expression, which
was negatively correlated with H pylori infection in 241
patients having complaints of dyspepsia, without a history
of cancer. They found 79.7% of GG genotype, 19.5% of
GA genotype and 0.8% of AA genotype. In another study
assessing the association between MPO polymorphisms,
atrophy and neutrophil infiltration, Roe et al[4] found 81.9%
of GG genotype, 18.1% of GA genotype and 0.0% of AA
genotype. It was indicated that while there was a positive
correlation between the degree of atrophy and neutrophil
infiltration in individuals with GG polymorphism, no
such association was found in individuals with GA
polymorphism. Also, in our study we found that while the
correlation between atrophy and neutrophil infiltration
was significant in patients with GG genotype, it was
insignificant in patients with GA genotype.
Our results show that generally myeloperoxidase GG
genotype is a critical host-related factor for development
of atrophy that occurs in the setting of inflammation,
and is considered as a cancer precursor. However, it is
interesting to note that on the contrary to what is expected,
GG genotype and H pylori positivity does not potentiate
each other for development of atrophy. More studies are
needed to elucidate this point in larger patient groups.

DISCUSSION
About 60% of the world population is infected with
H pylori[1]. Hyperproliferation induced by H pylori gastritis
has been assumed as a starting point for events that trigger
gastric cancer. Moreover, this hyperproliferation has been
suggested to initiate changes in DNA[4,20,21]. The World
Health Organization (WHO) has declared H pylori as the
leading carcinogenic factor. In a cohort study conducted
by WHO in 3 different regions, anti-Hp antibody levels
were measured in blood samples obtained within the last
24 years from patients diagnosed with gastric cancer. It
was stated that H pylori seropositivity increased the relative
risk for developing gastric cancer [1]. Yamagato et al [22]
reported that 3% of 1721 patients with H pylori developed
gastric cancer during 9 years of follow up. Also, Uemura et
al[23] reported that 2.9% of 1246 Hp (+) patients developed
gastric cancer during 7.6 years of follow up. While there
was a significant difference in Hp (+) patients with respect
to atrophy and neutrophil infiltration, no such correlation
was found for Hp (-) patients. Thus, inflammation induced
by H pylori could be one of the predisposing factors in
carcinogenesis.
Recently studies have been published on cytokine
production in several conditions caused by H pylori
infection as a host response and genetic polymorphisms[4].
Zambon et al[3] found that bacterial and virulence factors
were associated with mucosal inflammation and severity
of the illness. They found that H pylori virulence genes and
a host genotype of IL-1 RN were directly correlated with
peptic ulcer and intestinal metaplasia and they suggested
that the interaction between cytokine genotypes and
bacterial virulence factors are fundamental to development
of H pylori-related lesions. Nardone et al [24] reported
that, first atrophy localized in the antrum regresses or
disappears subsequent to H pylori eradication. The changes
seen in these lesions as a result of eradication show that,
neutrophil infiltration plays a major role in these events
above all.
Polymorphisms, defined as known changes in the
genomic sequence, occur frequently throughout the
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Abstract
AIM: To study the prevalence, predictors and control
of bleeding following N-butyl 2 cyanoacrylate (NBC)
sclerotherapy of gastric varix (GV).
METHODS: We analyzed case records of 1436 patients
with portal hypertension, who underwent endoscopy
during the past five years for variceal screening or
upper gastrointestinal (GI) bleeding. Fifty patients with
bleeding GV underwent sclerotherapy with a mean of
2 mL NBC for control of bleeding. Outcome parameters
were primary hemostasis (bleeding control within the
first 48 h), recurrent bleeding (after 48 h of esophagogastro-duodenoscopy) and in-hospital mortality were
analyzed.
RESULTS: The prevalence of GV in patients with portal
hypertension was 15% (220/1436) and the incidence of
bleeding was 22.7% (50/220). Out of the 50 bleeding
GV patients, isolated gastric varices (IGV-I) were seen in
22 (44%), gastro-oesophageal varices (GOV) on lesser
curvature (GOV-Ⅰ) in 16 (32%), and GOV on greater
curvature (GOV-Ⅱ) in 15 (30%). IGV-Ⅰ was seen in
44% (22/50) patients who had bleeding as compared
to 23% (39/170) who did not have bleeding (P <
0.003). Primary hemostasis was achieved with NBC in
all patients. Re-bleeding occurred in 7 (14%) patients
after 48 h of initial sclerotherapy. Secondary hemostasis
was achieved with repeat NBC sclerotherapy in 4/7
(57%). Three patients died after repeat sclerotherapy,
one during transjugular intrahepatic portosystemic
stem shunt (TIPSS), one during surgery and one due to
uncontrolled bleeding. Treatment failure-related mortality
rate was 6% (3/50).
CONCLUSION: GV can be seen in 15% of patients with

portal hypertension and the incidence of bleeding is
22.7%. NBC is highly effective in controlling GV bleeding.
In hospital mortality of patients with bleeding GV is 6%.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric varix (GV) and its association with portal
hypertension were first described in 1913[1]. Since then,
there have been reports on different aspects of gastric
varices including prevalence, bleed tendency and treatment
options. The prevalence of GV in patients with portal
hypertension varies from 18% to 70%[2,3], although the
incidence of bleeding from gastric varices is relatively low
ranging from 10% to 36%[3].
Management of GV presents is a challenging problem,
because (1) since there is no consensus regarding the
optimum treatment of GV, treatment tends to be empiric;
(2) GV is not a homogeneous entity, and accurate
classification defines its natural history and dictates its
management; (3) although GV bleeding occurs less
frequently than esophageal varix (EV) bleeding [4,5] ,
whenever bleeding occurs it tends to be more severe
and requires more red blood cell transfusions and has a
higher mortality than EV bleeding[5]; (4) after control of
acute bleeding, GV has a high rebleeding rate of 34% to
89%[6]; and (5) there is no consensus regarding subsequent
sclerotherapy for prophylaxis against recurrent bleeding
in GV patients. Optimal management of GV requires a
multidisciplinary approach and close cooperation between
gastroenterologists, interventional radiologists and the
surgical team.
Sohendra et al[7] first reported in 1986 that bleeding
from gastric varices could be controlled by sclerotherapy
www.wjgnet.com
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using the tissue adhesive agent butyl cyanoacrylate.
Since then several authors have used different sclerosing
agents to achieve hemostasis in bleeding gastric varices,
including N-butyl-2 cyanoacrylate (histoacryl)[4,8], 2-octyl
cyanoacrylate[9], ethanolamine oleate injection[10], gastric
variceal banding [11] , thrombin [12] , sodium tetradecyl
sulfate[13]. However, N-butyl 2 cyanoacrylate (NBC) is the
only promising agent.
Most reports on endoscopic treatment of bleeding
gastric varices are small series, case reports, or retrospective
reviews[14,15]. Not more than 1000 patients with bleeding
GV have been treated with different sclerosing and
coagulating agents. Cyanoacrylate injection can achieve
primary hemostasis in 70% to 95% of patients with
acute GV bleeding, with an early rebleeding rate ranging
from 0% to 28% within 48 h [5,7,16]. Different doses of
cyanoacrylate are used by different gastroenterologis
ts [16,17]. Moreover, dilution ratio of NBC to lipoidal is
different[18,19]. However, there is no consensus regarding
effective dose and dilution of sclerosing agents.
This study was to analyze patients with GV in order to
establish predictors of bleeding GV, and the efficacy and
safety of NBC in treatment of bleeding GV.

MATERIALS AND METHODS
From March 2000 to March 2005, 1036 patients with
portal hypertension underwent endoscopy in our hospital.
Out of 220 GV patients with or without esophageal
varices, 50 had active bleeding gastric varices which were
treated with N-Butyl cyanoacrylate injection.
The cause of portal hypertension was defined on the
basis of ultrasound and/or computed tomographic scan
of abdomen along with Doppler ultrasound to study the
patency and spleno-portal axis in all patients with bleeding
GV.
The location of gastric varices was deter mined
according to the classification described by Sarin and
Kumar[3] and divided into gastroesophageal varices type
1 (GOV-1) GV continuing as an extension of esophageal
varices on the lesser curve of the stomach), gastroesophageal varices type 2 (GOV-2) on the greater curvature
or fundal varices communicating with esophageal varices.
Isolated gastric varices type 1 (IGV-1) and fundal varices
within a few centimeters of the gastric cardia, or isolated
gastric varices type 2 (IGV-2) and isolated ectopic gastric
varices. Active bleeding was defined as bleeding or oozing
of blood from a gastric varix, a clot or blackish ulcer or
rent over a gastric varix, or the presence of distinct large
gastric varices and absence of esophageal varices or other
cause of gastrointestinal (GI) bleeding.
The clinical characteristics of patients including age,
gender, Child-Pugh classification, type of varix, etiology
and complications in patient with gastric varices were
recorded and compared between groups with or without
bleeding (Table 1).
Endoscopic sclerotherapy with n-butyl cyanoacrylate
and lipoidal injection was performed by experienced
endoscopists using a GIFQ160 gastroscope (Olympus,
Tokyo, Japan). The sclerosant was injected into bleeding
gastric varices using the 23 G disposable needle injector
www.wjgnet.com
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Table 1 Clinical characteristics of patients with gastric varices
Characteristics

n

(%)

Number of patients
Male:Female
Mean age (yr)
Etiology of GV
HCV cirrhosis
HBV cirrhosis
NBNC
NCPHTN
Alcoholism
Budd-Chiari syndrome
Wilson’s disease
Child-Pugh classification
(A/B/C)
Types of gastric varices
GOV-1
GOV-2
IGV-1
IGV-2
GOV-1 + GOV-2
GOV-2 + IGV-2
GOV 1+IGV 2
GOV 1 + IGV 1

220
141:79
50 ± 11

(65:35)

155
38
27
9
5
1
1

(70)
(17.5)
(12.5)

39/109/72

(18/49/33)

78
56
59
6
14
3
2
2

(35)
(25)
(27)
(03)
(06)
(1.5)
(01)
(01)

(Wilson Cook Medical Inc., Winston-Salem, NC).
T he injection needle was primed with lipoidal
(approximately 0.5 mL) to fill the dead space within
the injection catheter. After the gastric varix lumen was
punctured with the needle, 2 mL of NBC (histoacryl
100%) in aliquots of 1 mL, diluted in 0.5 mL lipoidal, was
injected over 45-90 s, thus a dilution of 2:1 was achieved in
all cases (Figure 1 and Figure 2). Distilled water was used
to flush the injection needle before and after sclerotherapy.
Additional NBC was not injected if bleeding was
immediately controlled in patients. All patients received
octreotide infusion (50 mg/per hour) at admission and
continued for 3 d. All patients were given a proton pump
inhibitor, initially intravenously for 48 h and then orally for
4-6 wk as per our endoscopy unit protocol.
Outcome measures
Primary hemostasis was defined as stability of vital
clinical signs, no drop in hemoglobin concentration and
no recurrent bleeding within the first 48 h after the initial
sclerotherapy[16]. Re-bleeding was defined as hematemesis
and/or melena, hypotension (a drop in systolic blood
pressure of > 20 mmHg from baseline), fall in 2 gm/dL
of hemoglobin and/or transfusion requirement of ≥ 2
units of packed red cells within that time.
Data analysis
Statistical interpretation of data was performed using
Statistical Program for Social Sciences (SPSS) version 13.
Results were expressed as mean ± SD for all continuous
variables (e.g., age, gender, hospital stay, units of packed
cells etc.) and numbers (percentage) for categorical data
(e.g., gender, Child’s class, etc.). Analysis was performed by
using the independent t-test, chi-square test and Fisher’s
exact test wherever appropriate. P < 0.05 was considered
statistically significant.

Mumtaz K et al . NBC for bleeding gastric varices

Figure 1 Isolated gastric varices with a nipple suggesting recent bleeding.
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Figure 2 Injector needle with N- butyl cyanoacrylate in a large gastric fundal varix.

Table 2 Comparison between bleeding and non bleeding varices

Figure 3 X-ray showing N-butylcyanoacrylate deposition in a gastric varix after
sclerotherapy.

RESULTS
The prevalence of bleeding gastric varices in patients
with portal hypertension was 15% (220/1436) and the
incidence of bleeding was 22.7% (50/220). The mean age
of our patients with gastric varices was 50 ± 11 years, male
patients accounting for 65% (141). The main etiology of
bleeding gastric varices was hepatitis C-related cirrhosis in
34 (68%), followed by hepatitis B virus in 6 and non B non
C cirrhosis in 6 (12%) patients, respectively. Alcoholic liver
disease was found in 2 patients (4%), non cirrhotic portal
hypertension in 1 patient and Wilson’s disease in 1 patient,
respectively. Twelve patients (24%) belonged to ChildPugh A, 26 (52%) to Child-Pugh B, and 12 (24%) to ChildPugh C.
Out of the 50 bleeding GV patients, IGV-Ⅰwas seen
in 22 patients (44%), GOV-Ⅰin 16 patients (32%), and
GOV-Ⅱ in 15 patients (30%), concomitant GOV-Ⅰwith
GOV-Ⅱ in 3 patients. N-butyl cyanoacrylate (2 mL diluted
in 1 cc lipoidal) was injected intravariceally in all patients
with bleeding GV. The characteristics of bleeding and non
bleeding gastric varices are shown in Table 2.
Among these 50 patients, 43 (86%) had active bleeding
and 7 (14%) showed evidence of recent bleeding. Most
varices (n = 48) were large (F3) according to Hashizume
classification[20]. We compared bleeding and non bleeding
GV and found that IGV-Ⅰwas seen in 22/50 (44%)
patients who had bleeding and in 39/170 patients (23%)

Characteristics

Bleeding GV
n (%)

Age
Gender
Male
Female
Child Pugh class.
A
B
C
Type of GV
GOV-Ⅰ
GOV-Ⅱ
IGV-Ⅰ
IGV-II
Etiology of PHTN
HBV
HCV
NBNC
Alcoholic
Non cirrhotic PHTN
Wilson’s disease

50.48 ± 11.2

Non bleeding GV
n (%)
47.52 ± 12.7

P
0.14

30 (60)
20 (40)

111 (65.3)
59 (34.7)

12 (24)
26 (52)
12 (24)

27 (15.9)
83 (48.8)
60 (35.3)

0.22

16 (32)
15 (30)
22 (44)
0 (0)

77 (45.3)
58 (34.1)
39 (22.9)
11 (6.5)

0.09
0.58
< 0.01
0.06

6 (12)
34 (68)
6 (12)
02 (2)
01 (2)
01 (2)

29 (17.1)
121 (71.2)
21 (12.4)
03 (1.8)
08 (4.7)
00 (0)

0.49

0.39
0.76
0.94
0.48
0.59
0.06

patients who did not have bleeding (P < 0.003). Similarly,
IGV-Ⅱ was observed in 0/50 (0%) and 11/170 (6.4%),
GOV-Ⅰin 16/50 (32%) and 77/170 patients (45.2%)
who did not have bleeding, GOV-Ⅱ in 15/50 (30%) and
50/170 patients (29.4%) who did not have bleeding from
gastric varices, respectively.
The overall success rate for achieving primar y
hemostasis with NBC was 100% without recurrent
bleeding within 48 h. A mean of 2.0 ± 0.5 cc NBC was
injected in each patient.
Re-bleeding occurred in 7 (14%) patients after 48 h.
Secondary hemostasis with repeat NBC sclerotherapy was
achieved in 4 (57%) patients. Three patients died after
repeat sclerotherapy: one during transjugular intrahepatic
portosystemic stem shunt (TIPSS), one during surgery and
one due to uncontrollable torrential bleeding. Treatment
failure-related mortality rate was 6 % (3/50).
No major side effects occurred in most patients during
and after NBC sclerotherapy. Three patients reported mild
retrosternal chest pain which subsided within the next 24 h
(Figure 3).
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DISCUSSION
The overall incidence of gastric varices in patients with
portal hypertension is 2%-70%[3]. Furthermore, we found
that the incidence of bleeding from gastric varices in our
patients is 22.7%, which is also similar to other reports[5].
In this study, the rate for primary hemostasis with NBC
injection is consistent with the reported rate of 90% to
97% in other studies[8,14,16,21-23]. In our study, sclerotherapy
with 2 mL NBC diluted in 1 mL lipoidal was effective in
control of bleeding in all our patients during the first 48 h.
We used a higher dose of NBC with 2:1 dilution.
Our technique avoids dilution of NBC, thus decreasing
chances of migration and embolization as instantaneous
polymerization is delayed.
It was reported that a hemostasis rate of 95% can be
achieved without dilution of NBC, but serious side effects
such as embolization may occur[24].
The risk of embolization increases with over dilution
of cyanoacrylate which can slow down the process of
polymerization. We avoided this problem by diluting 2 mL
of NBC in 1 mL of lipoidal which was injected slowly
over 45-90 s. Although the volume of injection was large,
the side effects of a large volume were avoided and good
hemostais was achieved by keeping a balanced dilution.
We also studied the predictors of the first gastric
variceal bleeding, showing that the increased risk of
bleeding is associated with larger varices including
predominant IGV-Ⅰand GOV-Ⅰ[5]. Kim et al [23] found
that advanced Child-Pugh class and varix > 5 mm in size
are associated with an increased risk of bleeding. Unlike
esophageal varices, a high porto-systemic pressure > 12
mmHg does not cause GV bleeding, which is probably
related to the high frequency of spontaneous gastro-renal
shunts[17].
Cyanoacrylate therapy can improve and control rebleeding. The high mortality rate is primarily a reflection
of underlying advanced liver disease unaffected by the
injection of cyanoacrylate[25,26]. This is further explained by
a study of Kim et al[23] in which they prospectively followed
a cohort of patients with gastric varices who did not
undergo endoscopic therapy and found that the mortality
rate is 35% over a median of 15 mo. Therefore, the role
and efficacy of sclerotherapy for prophylaxis against
recurrent bleeding are questionable.
In the present study, re-bleeding occurred after 48 h
in 7 (14%) patients and was controllable in 4 (57%) with
repeat injection of NBC. It was reported that the incidence
of re-bleeding ranges from 23% to 35%[8,10,16]. However,
Kind et al[14] reported that the incidence of re-bleeding is
15.5%.
Treatment failure-related mortality in our study was
6%, which is consistent with the reported mortality [16].
Another study showed that the mortality is 12.5% due to
re-bleeding immediately after NBC sclerotherapy[8]. Kind
et al[14] reported that the hospital mortality rate is 19.5% in
patients with bleeding gastric varices.
In conclusion, endoscopic injection of NBC at a
dilution of 2:1 appears to be effective and safe for the
control of hemostasis in patients with bleeding gastric
varices. If NBC is injected slowly, a large amount of
www.wjgnet.com
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NBC in proper dilution can be used without serious side
effects.
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Abstract
AIM: To compare the gadolinium-enhanced multiphase
dynamic magnetic resonance imaging (MRI) and
multiphase multirow-detector helical CT (MDCT)
scanning for detection of small hepatocellular carcinoma
(HCC).
METHODS: MDCT scanning and baseline MRI with SE
T1-WI and T2-WI sequence combined with FMPSPGR
sequence were performed in 37 patients with 43 small
HCCs. Receiver operating characteristic (ROC) curves
were plotted to analyze the results for modality.
RESULTS: The areas below ROC curve (Az) were
calculated. There was no statistical difference in dynamic
enhancement MDCT and MRI. The detection rate of small
HCC was 97.5%-97.6% on multiphase MDCT scanning
and 90.7%-94.7% on MRI, respectively. The sensitivity
of detection for small HCC on MDCT scanning was higher
than that on dynamic enhancement MRI. The sensitivity
of detection for minute HCC (tumor diameter ≤ 1 cm)
was 90.0%-95.0% on MDCT scanning and 70.0%-85.0%
on MRI, respectively.
CONCLUSION: MDCT scanning should be performed
for early detection and effective treatment of small HCC
in patients with chronic hepatitis and cirrhosis during
follow-up.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary malignancy tumor of the liver. Dual-phase
CT scanning is a sensitive method for the detection of
HCC. The developments in rapid magnetic resonance
imaging (MRI) in combination with gadolinium-enhanced
multiphase multirow-detector helical CT (MDCT)
scanning can obviously improve the detection of small
HCC. However, MRI and MDCT have a lower sensitivity
for detecting small HCC, especially minute HCC. MDCT
scanning has a higher sensitivity for detection of small
HCC[1-5]. The purpose of this study was to compare the
dynamic enhancement MRI and MDCT for the detection
of small HCC in patients with chronic liver disease and
cirrhosis and to value the clinical role of new imaging
technology in detection of small HCC.

MATERIALS AND METHODS
Patient Sample
Between October 2002 and December 2004, 37 patients
(29 men, 8 women, mean age: 56 years, rang: 29-70 years)
with chronic hepatic disease and cirrhosis who were
suspected of having HCC during postoperative followup were included in this study. All the patients underwent
multiphase contrast enhanced dynamic MDCT and
gadolinium-enhanced dynamic MRI at 7 d intervals.
Lesion confirmation
Small HCC was confirmed in 24 of 37 patients. Fifteen of
the 24 patients with 43 small HCCs underwent surgery and
pathologic examination. Of the 15 patients undergoing
surgery, small HCC was found in 2 by needle biopsy, in
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Table 1 Area under the ROC curve and P value for MRI and
MDCT in detecting HCC
Observer 1
Imaging techniques
MDCT
MRI
t value
P value

Az value
0.983
0.951
-0.425
0.672

95% CI
0.950-1.013
0.901-1.001

Observer 2
Az value
0.99
0.94
-0.956
0.348

95% CI
0.968-1.012
0.882-0.999

5 by digital subtraction angiography (DSA), and in 2 by
iodized oil CT and elevated serum α -fetoprotein level
(> 400 ng/mL) and ultrasound examination. Two out
of 37 patients undergoing multiphase dynamic contrast
enhanced MDCT and dynamic gadolinium enhancement
MRI respectively, were suspected of having small
HCC. Their serum α -fetoprotein level was decreased.
Ultrasound examination one month after follow-up
and multiphase dynamic contrast enhanced MDCT
examination three months after follow-up showed that
the lesions remained unchanged. Five out of 37 patients
with liver cirrhosis undergoing gadolinium enhancement
dynamic MRI scanning and multiphase dynamic contrast
enhanced MDCT imaging were suspected of having
small HCC. However, small HCC could not be found.
Small HCC was not found in 3 of 5 patients who were
followed up for 2-3 mo by contrast-enhanced MDCT, and
in 2 of 5 patients who were followed up for 3 mouths by
enhancement dynamic MRI. Multiphase dynamic contrastenhanced MDCT and MRI examination displayed no new
liver lesions in another 6 patients who were not diagnosed
having small HCC during the tree-month follow-up period.
The size of small HCC was ≤ 1 cm in 20, and > 1 cm or
≤ 3 cm in 23 of 43 small HCCs, respectively.
MDCT
All CT examinations were performed using a commercially
available multidetector CT scanner (Marconi Mx 8000)
with 0.5-0.75 s gantry rotation speed, 23.3 mm/s table
speed, 5.0 mm-thick section, reconstruction interval 2.5
mm, 120 Kv and 200-250 mA.
Entire pre-contrast hepatic scanning was followed by
a nonionic contrast enhancement (Omnipaque 300 mg
I/mL) with 1.5 mL/kg and injection rate of 3 mL/s via an
antecubital vein. Multiphase acquisitions were performed.
The scanning delay set for early arterial phase (EAP), late
arterial phase (LAP) and portal venous phase (PVP) was
21 s, 34 s and 85 s, respectively. Each of the entire liver
scanning in cephalad-caudal orientation was completed in
4-8 s with patient's breath held.
MRI
M R I wa s p e r f o r m e d w i t h a G E S i g n a 1 . 5 T M R
imaging system. A standard whole-body coil was used
as the receiver coil for examinations. All the 37 patients
underwent baseline MR imaging, including breath-hold
spin-echo T1- weighted imaging(TR 500-700 ms, TE 14-20
ms), fat-suppressed fast spin-echo T2-weighted imaging
(TR 2000-4000 ms, TE 80-120 ms) and gadoliniumenhanced triphasic dynamic gradient-recalled echo imaging

with a fast multiplanar spoiled-gradient-recalled echo
breath-hold imaging (FMPSPGR TR/TE/Flip Angle
= 100-150 ms/4.6 ms/60-90°), matrix (256 × 128), 7
mm-thick section, and 1 acquisition. MR imaging was
performed before and after gadolinium-enhanced dynamic
gradient-recalled echo imaging (Gd-DTPA, Magnevist,
Germany, NJ). Dynamic imaging was performed with a
fast multiplanar spoiled-gradient-recalled echo breath-hold
imaging. The contrast material was 0.2 mL/kg of body
weight administered as a rapid IV bolus. After un-enhanced
imaging, arterial phase image was obtained during 20-25 s.
The second and third sets of images were obtained after
approximately 60-90 s and 3 min, respectively.
Imaging analysis
All MRI and MDCT images were reviewed by two
experienced radiologists, who knew that patients with
liver cirrhosis were at risk of developing HCC, but were
unaware of the presence and location of liver lesions
and the result of other imaging examinations. The size
and number of lesions were analyzed for the various
multiphase dynamic contrast-enhanced MR sequences and
MDCT imagines (early arterial, later arterial, portal phases)
of the 37 patients.
The readers scored each imagine for the presence or
absence of focal hepatic lesions, and assigned confidence
levels to their observation: 1 = definite presence, 2 = probable
presence, 3 = equivocal, 4 = probable absence, 5 = definite
absence[6].
Statistical analysis
For each imaging method, a binomial receivor operationg
characteristic (ROC) curve was fitted to each radiologist’
s confidence rating using maximum likelihood estimation.
The diagnostic accuracy of each imaging set for each
observer and the composite data were calculated by
measuring the area under the alternative free response
ROC curve. The differences between imaging sets in
terms of the mean Az value, were statistically analyzed
using the two-tail Student’s t test for paired data. The
sensitivity and positive predictive values for each image set
were then calculated. The sensitivity of each observer was
determined by detecting the number of lesions assigned
a confidence level of 1 or 2 from 42 HCCs. The degree
of inter-observer agreement was calculated with chancecorrected kappa statistics. In general, a kappa statistic value
greater than 0.75 is considered excellent agreement, 0.4-0.75
good agreement, and less than 0.4 poor agreement[6-8].
Statistical analyses were perfor med using the SPSS
Statistical Programs, version 10.0. P < 0.05 was considered
statistically different (Figure 1).

RESULTS
The kappa values were excellent between observers 1 and
2 for multiphase dynamic contrast-enhanced MDCT (κ
value = 0.883) and MRI (κ value = 0.812). The Az values
calculated by each observer with multiphase dynamic
contrast-enhanced MDCT and MRI for 42 lesions are
shown in Table 1. For detection of lesions, two observers
achieved a slightly higher diagnostic performance with
www.wjgnet.com

1254

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

B

C

D

Table 2 Sensitivity and positive predictive value for MRI and
MDCT in detecting small HCC n (%)

Imaging
Technique
Observer
1
Observer
2

MDCT
MRI
MDCT
MRI

≤ 1 cm
SHCC
n = 20

> 1 cm ≤ 3 cm
SHCC
n = 23

19 (95.0)
17 (85.0)
18 (90.0)
14 (70.0)

22 (95.7)
22 (95.72)
21 (91.31)
22 (95.7)

Total
SHCC
n = 43
41 (95.31)
39 (90.7)
39 (90.79)
36 (83.7)

Positive
predictive
value (%)

n = 43
97.6
90.7
97.5
94.7

MDCT than with MRI, but the difference in the mean
Az values of both imagine sets was not significant. The
chance-corrected kappa values indicated the confidence
levels for the imagine interpretation of the ROC analysis
between the two observers.
The sensitivity and positive predictive values obtained
with dynamic contrast-enhanced MDCT and MRI
are shown in Table 2. For less than or equal to 1 cm
minute HCC, the sensitivity of MRI was 85% and 70% ,
respectively for the two observers, but the sensitivity of
MDCT for the two observers was higher than that of
MRI (95% and 90%, respectively). The positive predictive
value for MDCT was 97.5%-97.6% for MDCT and
90.7%-94.7% for MRI, respectively. There were less falsepositive findings on MDCT.

DISCUSSION
Most HCCs occur in cirrhotic liver. Oka et al[9] in a 6-year
follow-up study of 140 patients with cirrhosis, Oka et al[9]
found that the cumulative incidence of HCC is 39% and
www.wjgnet.com
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Figure 1 A 42-yr old man
with pathologically proven hepatocellular carcinoma. A: Plan
scanning; B: early arterial phase
MDCT image showing slightly
enhanced nodule in right lobe; C:
later arterial phase MDCT image
showing obvious enhanced lesion;
D: on the portal venous phase
MDCT image showing slight low
attenuation.

A

Sensitivity
(%)
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its per year occurrence rate is 5.3%-8.8%. Small HCC
results from cirrhosis. Early detection and diagnosis of
small HCC are important in its effective treatment. Lim et al[10]
have analyzed the sensitivity and specificity of double phase
SCT in detecting small HCC. It was reported that imaging
technology should be used in detecting small HCC[9,11].
Multiphase dynamic CT using a helical scanner has
become the standard technolog y for detection and
diagnosis of small HCC. The detection of hepatic nodular
lesions by CT depends on the attenuation difference in
the normal parenchyma and enhancement nodule lesions.
Multiphase dynamic CT scanning can show the change
between the tumor and its surrounding parenchyma.
This may in part be a result of the difference in uptake
and secretion of contrast material by hepatocytes of the
normal liver parenchyma and HCC cells. Because the
arterial phase is shorter than the portal venous phase, the
scanning time of hepatic lesions is not the optimal time of
tumors. Therefore, the dual-phase scanning is difficult to
detect small HCC[7,9,11,12].
MRI is a less invasive and more feasible technique.
The spin-echo sequence and gadolinium-enhanced
triphasic dynamic breath-hold imaging are more effective.
The advantage of contrast enhancement MRI is to
deliver a small contrast material volume over a shorter
period of time, which results in a tighter bolus. MRI has
several advantages over dual-phase SCT in detection and
characterization of small HCC, including greater softtissue contrast and sensitivity to intravascular contrast
agent, and more types of sequences[6,14,16].
Tang et al[17] reported that 94% of small HCC can be
found in cirrhotic liver by dynamic gadolinum-enhanced
MRI. Yan et al [18] reported that 94.12% of small HCC
(diameter < 1 cm) can be detected by MRI. Kim et al[19]
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reported that 67% of small HCC (diameter < 1 cm) can
be displayed by MRI.
The optimal imaging technology can detect most of
small HCC. MDCT scanner recently has been introduced
into clinical CT practice, and allows faster Z-axis coverage
speed and hepatic imaging with thin image thickness
in a very short time. MDCT can scan the entire liver
during the double arterial phase. In addition, it improves
the sensitivity of depicting small HCC and increases
conspicuity for hypervascular lesions, and sensitivity of
detecting small HCC[4,5,24].
The ROC curve analysis revealed that there was a
higher validity for two imaging methods. Two observers
achieved slightly higher diagnostic efficiency with
multiphase contrast-enhanced MDCT than with dynamic
enhanced MRI, but the difference in the areas below the
ROC cure was not statistically significant (observer 1,
P = 0.672; observer 2, P = 0.348). Multiphase contrastenhanced MDCT had slightly higher predictive values than
dynamic contrast enhanced MRI. The positive predictive
value for MDCT and MRI by observer 1 was 97.6% and
90.7%, and 97.5% and 94.7% by observer 2, respectively.
There were less false-positive findings on MDCT, but
whether the diagnostic efficiency of multiphase contrastenhanced MDCT is superior to dynamic contrast
enhancement MRI needs further study with a large sample.
It was reported that the sensitivity of MRI in detection
mall HCC is lower[20-22]. However, several factors can affect
the visualization of primary focal hepatic lesions during
contrast-enhanced or un-enhanced MRI, including the
functionality of normal hepatic parenchyma, as well as the
dimension, composition, and degree of visibility of the
lesions, and the residual hepatic functionality of neoplastic
cells themselves [23,24]. Since these factors tend to vary
from patient to patient, it is often difficult to predict the
behavior of a given lesion. There is a very good correlation
between the blood supply and the degree of pathologic
characteristics of hepatic lesions.
In our study, the sensitivity of MRI in detecting
small HCC (≤ 1 cm) was 70% and 85%, respectively.
Seventy percent of 20 small HCCs showed isointensity,
4 demonstrated the signal change from isointensity to
hyperintensity during arterial phase, portal venous phase,
and delay phase. The other lesions displayed the signal
change from hyperintensity to isointensity. These different
findings may be due to the following reasons. First,
cirrhotic liver has homogeneous or nonhomogeneous
density, the signal intensity of cirrhotic liver parenchyma
is higher than normal liver parenchyma, and the high
patching signal intensity on T1-weigted imagines is due
to fatty deposition or hepatitis. Second, since the degree
of the liver parenchyma is lower because of hemosiderin
deposition and large fibrous tissue in the liver parenchyma,
the impaired hepatic cells could not absorb contrast
material. Third, the portal hypertension splits liver blood
flow into collateral vessels, thus reducing the contrast
material in the liver parenchyma. Forth, since the time
window of arterial phase is narrower and the imaging time
of MRI is fixed at the arterial phase 20-25 s, portal venous
phase 60-90 s, and delayed phase 120 s, it is difficult to
show a real arterial phase[4].
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In conclusion, small HCC often manifests as relatively
small lesions in cirrhotic livers. There is an obviously
enhanced small nodule in hepatic arterial phase whether it
has homogeneous or nonhomogeneous density. The signal
intensity and contrast enhancement patterns cannot be
used in the final diagnosis of small HCC. It is important
for patients with cirrhosis to undergo follow-up imaging
more frequently. Nodule growth is highly predictive of
small HCC[21,26]. Further study is needed since our study
has some limitations.
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Abstract
AIM: To study the expression of ether à go-go (Eag1)
potassium channel in colorectal cancer and the relationship between their expression and clinico-pathological
features.
METHODS: The expression levels of Eag1 protein
were determined in 76 cancer tissues with paired noncancerous matched tissues as well as 9 colorectal
adenoma tissues by immunohistochemistry. Eag1
mRNA expression was detected in 13 colorectal cancer
tissues with paired non-cancerous matched tissues
and 4 colorectal adenoma tissues as well as two
colorectal cancer cell lines (LoVo and HT-29) by reverse
transcription PCR.
RESULTS: The frequency of positive expression of
Eag1 protein was 76.3% (58/76) and Eag1 mRNA was
76.9% (10/13) in colorectal cancer tissue. Expression
level of Eag1 protein was dependent on the tumor size,
lymphatic node metastasis, other organ metastases and
Dukes’ stage (P < 0.05), while not dependent on age,
sex, site and degree of differentiation. Eag1 protein and
mRNA were negative in normal colorectal tissue, and
absolutely negative in colorectal adenomas except that
one case was positively stained for Eag1 protein.
CONCLUSION: Eag1 protein and mRNA are aberrantly
expressed in colorectal cancer and occasionally
expressed in colorectal adenoma. The high frequency
of expression of Eag1 in tumors and the restriction of
normal expression to the brain suggest the potential of
this protein for diagnostic, prognostic and therapeutic
purposes.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ion channels play a vital role in the function of diverse
cell types. In recent years, the concept of ion channels
as therapeutic targets and diagnostic and prognostic
biomarkers has attracted increasing interest, and trigged
a wave of experimental results, identifying individual ion
channels relevant with specific cancer types.
In 1969, several mutants from the fruit fly Drosophila
melanogaster were produced following the treatment of
adult males with ethyl methane sulfonate[1]. The mutants
presented shaking of the legs under ether anesthesia and
independent gene loci were found to be involved. One of
these mutants exhibited a slow and rhythmic leg-shaking
behavior; the locus involved was then named ether à gogo. Homology screening helped to identify other two
sequences closely related to eag: the eag-related gene (erg)
and the eag-like gene (elk); thus the EAG channels family
comprises three subfamilies: EAG, ERG and ELK[2]. Two
members for the eag subfamily, three for erg and two
for elk are differentially expressed in different species
including rat, bovine and humans. Two members of the
eag subfamily are Eag1 (KCNH1, Kv10.1) and Eag2
(KCNH5, Kv10.2)[3].
Eag1 is detected only in the brain and placenta in the
process of myoblast fusion, indicating that the channel is
not expressed in differentiated peripheral tissues[4]. On the
other hand, eag1 is expressed in several cell lines derived
from human malignant tumors, such as neuroblastoma[5,6],
melanoma[7], breast[5], and cervical carcinoma[5]. In these
cell lines, Eag1 enhances the proliferation of the cells,
and is required for the maintenance of growth. One of
the most intriguing aspects of human eag1 channels is its
relationship to cellular transformation. Cells transfected
with Eag1 are able to grow in the absence of serum,
lose contact inhibition, and induce aggressive tumors
when implanted into immune-depressed mice[5]. Recently,
functional expression of Eag1 has been described in
clinical samples of cervical carcinoma[8]. Similarly, aberrant
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expression of the channel has also been detected in
sarcomas[9] and other tumors from diverse origins[12], while
the surrounding tissues are devoid of Eag1 expression.
Moreover, specific inhibition of Eag1 expression by
antisense technique [5] , siRNA [9,10] or by non-specific
blockers[7,11] leads to a reduction in tumor cell proliferation
in vitro.
The membrane protein Eag1 is accessible from
the extracellular side and is predominantly present in
tumor cells, represents a potential tumor marker and
an interesting therapeutic target for cancer. For any
potential clinical application it is an essential prerequisite
that samples from human tumors overexpress the target
Eag1. Colorectal cancer is a malignancy with a worldwide
distribution, and the actual frequency of expression of
Eag1 in colorectal tissue remained unknown. In this study,
we explored the expression of Eag1 potassium channel
in colorectal cancer and the relationship between their
expression and clinicopathological features.

MATERIALS AND METHODS
Patients
Samples were obtained from Renmin Hospital of Wuhan
University, according to a protocol approved by the
Committee for the Conduct of Human Research. These
patients had surgery between 2004 and 2005. Resected
tissues were formalin-fixed and paraffin-embedded in
the Department of Pathology. For immunohistochemical
analysis, colorectal cancer tissue with paired non-cancerous
matched tissue (NCMT) (n = 76) as well as colorectal
adenoma tissue (from endoscopic biopsy) (n = 9) were
obtained. For reverse transcription polymerase chain
reaction, 13 colorectal cancer tissues with NCMT as
well as 4 colorectal adenoma tissues (obtained from
endoscopic biopsy) were examined during March to June
2006. These fresh specimens were kept in liquid nitrogen
immediately after excision until use. Two pathologists
screened histological sections and selected areas of the
representative tumor cells. Tumor stage was classified
according to Dukes’ criteria.
Immunohistochemistry
For immunohistochemical analysis, 5 μm sections were
sliced and mounted on poly-L-lysine-coated slides the
day before use. Immunohistochemistry was conducted
according to instructions of HistostainTM-Plus kits
(Beijing Zhongshan Golden Bridge Biotechnology Co.,
LTD). The primary antibody Eag1 (Sigma-Aldrich, USA)
was diluted 1:200 with 0.1% bovine serum albumin. As
negative controls, the slides were treated by replacement
of primary antibody with non-immune serum.
TTo achieve a semi-quantitative estimation of Eag1
expression levels, we used an immunohistochemical
score method: Scores were 0, less than 10% of the
tumor cells stained; 1+, faint staining in more than
10% of the cells; 2+, moderate staining in more than
10% of tumor cells; and 3+, strong staining in more
than 10% of the cells. The immunohistochemical score
was evaluated as negative (0), weakly positive (1+), and
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strongly positive (2+, 3+). Each stained slide was scored
by two independent observers. There were no major
disagreements regarding scoring and the average scoring
was reported.
Cell culture
HT29 and LoVo cells (obtained from Cell Bank, Chinese
Academy of Sciences) were maintained in T75 flasks in
a humidified atmosphere at 37℃ with 50 ml/L carbon
dioxide and passaged every 4-5 d. The HT-29 line was
isolated from primary tumor, and LoVo line was isolated
from metastatic tumor nodules in the left supraclavicular
region. HT29 cells were cultured in McCoy's 5a medium
(modified) with 1.5 mmol/L L-glutamine adjusted to
contain 2.2 g/L 90% sodium bicarbonate, 10% fetal
bovine serum. LoVo cells were grown in Ham's F12K
medium with 2 mmol/L L-glutamine adjusted to contain
1.5 g/L 90% sodium bicarbonate, 10% fetal bovine serum.
All media were also supplemented with 100 units/mL
penicillin plus 100 μg/mL streptomycin.
RNA preparation and reverse transcription PCR
Total RNA was isolated from colorectal tissue and HT29
and LoVo cells using TRIZOL ® reagent (Invitrogen
Corporation, USA) following instructions of the TRIZOL
kit.
We designed specific primers for Eag1 ( Genbank
accession: AF078741) and β-actin. The primers were as
follows: For Eag1 (bp966-bp1441, 475 bp), sense primer 5’
-GCTTTTGAGAACGTGGATGAG-3’; antisense primer
5’-CGAAGATGGTGGCATAGAGAA-3’. For β -actin
(479 bp): sense primer 5’-TGACGGGGTCACCCACACT
GTGCC-3’; antisense primer: 5’-CTGCAFCCTGTCGG
CAATGCCAG-3’ (479 bp). The primers were synthesized
by Shanghai Sangon (China).
One step reverse transcription PCR (RT-PCR) was
performed using One Step mRNA Selective PCR Kit 1.1
(TaKaRa Dalian, China) according to the manufacturer’s
specifications. The RT-PCR reaction mixture contained 25
μL of 2 × mRNA selective PCR buffer reaction buffer I,
10 μL of MgCl2, 5 μL of dNTP/analog mixture, 1 μL of
RNase Inhibitor, 1 μL of AMV Rtase XL, 1 μL of AMVOptimized taq, 1 μL sense primer (20 μmol/L), 1 μL of
antisense primer (20 μmol/L), 1 μL of total RNA, 4 μL
of RNase free dH2O to a final volume of 50 μL. Reactions
without template RNA were used as a negative control.
The RT-PCR for β-actin was used to check the quality of
the RNA extraction and RT-PCR. The following RT-PCR
conditions were used for Eag1: 1 cycle of 45℃ for 25 min;
30 cycles of 88℃ for 30 s, 50℃ for 45 s, and 72℃ for 1
min; and a final cycle of 72℃ for 7 min. The conditions
for β-actin: 1 cycle of 50℃ for 15 min; 30 cycles of 85℃
for 30 s, 45℃ for 45 s, and 72℃ for 1 min; and a final
cycle of 72℃ for 7 min.
Fifteen microliters of PCR products were analyzed by
electrophoresis on a 1.5% agarose gel. DNA fragments
were visualized and photographed under UV light after
ethidium bromide staining. The expected band for each
marker was identified by comigration of a DNA marker
ladder electrophoresed in an adjacent lane.
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Figure 2 Eag1 mRNA expression in colorectal cancer and adenoma. Eag1 mRNA
positively expressed in LoVo and HT29 cell lines and in 10/13 of colorectal cancer
tissues, but negatively expressed in NCMT( not shown) and colorectal adenoma. M,
molecular weight marker; 0, water.

Table 1 Eag1 immunoreactivity in the colorectal cancers
1

Stage

Figure 1 Typical immunohistochemical staining for Eag1 in colorectal cancer and
adenoma. A, B, C: Positive staining of colorectal cancers; D: Positive staining of
metastasis tissue from greater omentum; E: Negative control of colorectal cancer;
F: Positive staining from one case of colonic adenoma.

Statistical analysis
The χ2-test was used for analysis. Differences between the
values were considered significant when P < 0.05.

RESULTS
Eag1 channel is aberrantly expressed in colorectal cancer
Immunopositivity for Eag1 protein was clearly marked
on the cytoplasm and/or membrane of cells. Using
immunohistochemistry, aberrant expression of Eag1
was detected in tissue of colorectal cancer and negative
expression was detected in NCMT. The frequency
of expression of Eag1 in colorectal cancer averaged
76.3% (58/76 ) of the cases studied. Figure 1 shows
representative positive expression of neoplastic tissue
of colorectal cancer and metastatic cancer. Again, using
reverse transcription PCR, positive expression of Eag1
was found in 10/13 (76.9%) of colorectal cancer samples
and negative expression was found in 13 cases of NCMT
(Figure 2, negative expression of NCMT was not shown
here). Positive expression of Eag1 was also detected in
HT29 and LoVo colorectal cancer cell lines (Figure 2).
Eag1 channel is occasionally expressed in colorectal
adenoma
Nine cases of colorectal adenoma were also studied by
immunohistochemistry, which were negative for Eag1

A
B
C
D
Total

Eag1 expression

Positive cases

Negative

Weak

Strong

3
13
2
0
18

2
14
5
5
26

2
12
9
9
32

n (%)
4/7 (57.1)
26/39 (66.7)
14/16 (87.5)
14/14 (100)
58/76 (76.3)

1
Intensity of expression was interpreted as negative, weakly positive, and
strongly positive, P < 0.05.

protein in most of the cases except that in 1 case weak
positive expression was detected (Figure 1). In addition,
Eag1 mRNA expression was not detected in 4 samples of
colorectal adenomas by RT- PCR (Figure 2).
Relationship of Eag1 expression and clinic-pathological
features
The immunohistochemistry results showed that no
association was detected between Eag1 expression and
sex, age, site, differentiation, while expression levels of
Eag1 protein were found to be dependent on the tumor
size, lymphatic node metastasis, other organ metastases
and Dukes’ stage (P < 0.05). Especially, all the tissues from
metastatic cancer of other organ or Dukes’ D stage cancer
showed an intensively positive immunostaining (Figure 1
and Table 2). Table 1 summarizes the relationship of Eag1
protein expression with clinico-pathological features.

DISCUSSION
Because of its restricted distribution in normal tissue and
its more ubiquitous distribution in cancer cells and its
oncogenic properties, Eag1 channels have gained interest
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Table 2 Clinico-pathological features and Eag1 protein expression
Clinico-pathological
features
Sex
Male
Female
Age (yr)
< 60
≥ 60
Location
Recta
Left colon
Transverse colon
Right colon
Differentiation
High
Moderate
Low
Undifferentiated
Size
< 5 cm
≥ 5 cm
Lymphatic node
metastasis
N0
N1
Other organs
metastasis
M0
M1
Dukes’ stage
A
B
C
D

Number of tumor
n (%)

Positive Eag1
expression n (%)

44 (57.9)
32 (42.1)

32(72.2)
26(81.3)

51 (67.1)
25 (32.9)

39 (76.5)
19 (76.0)

28 (36.8)
21 (27.6)
9 (11.8)
18 (23.7)

22 (78.6)
16 (76.2)
6 (66.7)
14 (77.8)

18 (23.7)
22 (28.9)
29 (38.2)
7 (9.2)

12 (66.7)
16 (72.7)
24 (82.8)
6 (85.7)

48 (63.2)
28 (36.8)

32 (66.7)
26 (92.9)

46 (60.5)
30 (39.5)

31 (67.4)
27 (90.0)

62 (81.6)
14 (18.4)

44 (71.0)
14 (100)

7 (9.2)
39 (51.3)
16 (21.1)
14 (18.4)

4 (57.1)
26 (66.7)
14 (87.5)
14 (100)

2

χ value
0.70

0.002

4.52

2.09

6.41a

5.14a

4.59a

8.89a

a

P < 0.05.

as promising tools for the development of novel diagnostic
and therapeutic methods of cancers.
Recently, a few published papers have documented the
contribution of potassium channels in the pathological
status of cells other than neural or lymphoid origin. A
paper of Pardo’s group represents a milestone in the link
between Eag1 and cancer[5]. Furthermore, they found that
Eag1 expression was limited outside the CNS, but was
frequently expressed in clinic tumors from diverse origins,
including colon carcinoma[12]. They reported that 6/8 of
colon carcinomas were positively expressed. However, the
actual frequency of expression of hEAG1 in colorectal
cancer remained unknown. Here, we have provided that
EAG1 protein and Eag1 mRNA were negatively expressed
in normal colorectal tissue, but aberrantly expressed in a
large fraction of colorectal cancer tissue and colorectal
cell lines. These results strongly suggest the possibility of
the use of Eag1 as a tool for the differential diagnosis of
malignant transformation together with morphological
criteria.
We also found that EAG1 protein was occasionally
expressed in colorectal adenoma. Similar, Farias’s group
found one of negative pap smears of control cervical
samples that presented human papilloma virus infection
(the most important etiological factor for cervical cancer)
was positive for Eag1 expression[8]. A plausible scenario
is that the increase in Eag1 expression in precancer
www.wjgnet.com
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pathological changes could be an early sign of tumor
development, namely, Eag1 may be involved in the early
development of cancer.
We analyzed relationship of Eag1 expression detected
by immunohistochemistry with clinico-pathological
features, and found that there was no association between
Eag1 expression and sex, age, site, differentiation, while
expression of Eag1 was dependent on the tumor size,
lymphatic node metastasis, metastases to other organs and
Dukes’ stage. Especially, all the tissues from metastatic
cancers of other organ showed intensively positive
immunostaining. Such a correlation would obviously be
of great interest, since the channel could thus serve as
a prognostic marker. These conclusions are somewhat
different from opinions held by the Pardo’s group.
They found there were no correlations between Eag1
expression and demographic factors (sex, age, grade and
site of tumor) of soft tissue sarcoma[9]. However, they
also found that the tumors from patients who died over
the two-year follow up period were much more likely to
express significant levels of Eag1. To address this question
precisely, quantitative studies of Eag1 expression and
prospective studies with larger samples and longer time
period will be needed.
Studies of Eag1 in cancer treatment have also provided
some promising conclusions. Recently, the Pardo’s
group reported siRNA sequences acting specifically on
Eag1, reproducibly induced a significant decrease in the
proliferation of tumor cell lines while did not trigger any
observable non-specific responses[10]. So, siRNA would
serve as tools in the future to facilitate the elucidation of
both the physiological and pathophysiological functions
of this intriguing protein. We are also investigating the
roles of Eag1-siRNAs served as tools in colorectal cancer
therapy, and trying to clarify the effect of silencing the
channel activity on tumor cells.
In conclusion, Eag1 potassium channels are aberrantly
expressed in colorectal cancer patients and cell lines.
These findings strongly suggest that Eag1 might be used
as a potential diagnostic and prognostic marker as well
as a potential membrane therapeutic target for colorectal
cancer.
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Abstract
AIM: To comparatively study the preventive effect
of gelatinizedly-modified chitosan film on peritoneal
adhesions induced by four different factors in rats.
METHODS: Chitosan was chemically modified by
g e l a t i n i z a t i o n , a n d m a d e i n t o f i l m s o f 6 0 μm i n
thickness, and sterilized. Two hundred Sprague-Dawley
rats were randomly divided into five groups, Shamoperation group (group A), wound-induced adhesion
group (group B), purified talc-induced adhesion group
(group C), vascular ligation-induced adhesion group
(group D), and infection-induced adhesion group (group E),
respectively. In each group, the rats were treated with
different adhesion-inducing methods at the cecum of
vermiform processes and then were divided into control
and experimental subgroups. Serous membrane surface
of vermiform processes were covered with the films in
the experimental subgroups, and no films were used in
the control subgroups. After 2 and 4 wk of treatments,
the abdominal cavities were reopened and the adhesive
severity was graded blindly according to Bhatia’s method.
The cecum of vermiform processes were resected for
hydroxyproline (OHP) measurement and pathological
examination.
RESULTS: Adhesion severity and OHP level: After 2 and
www.wjgnet.com

4 wk of the treatments, in the experimental subgroups,
the adhesions were significantly lighter and the OHP
levels were significantly lower than those of the control
subgroups in group B (2 wk: 0.199 ± 0.026 vs 0.285 ±
0.041 μg/mg pr, P < 0.001; 4 wk: 0.183 ± 0.034 vs 0.276
± 0.03 μg/mg pr, P < 0.001), D (2 wk: 0.216 ± 0.036 vs
0.274 ± 0.040 μg/mg pr, P = 0.004; 4 wk: 0.211 ± 0.044
vs 0.281 ± 0.047 μg/mg pr, P = 0.003) and E (2 wk: 0.259
± 0.039 vs 0.371 ± 0.040 μg/mg pr, P < 0.001; 4 wk:
0.242 ± 0.045 vs 0.355 ± 0.029 μg/mg pr, P < 0.001),
but there were no significant differences in groups A
(2wk: 0.141 ± 0.028 vs 0.137 ± 0.026 μg/mg pr, P =
0.737; 4 wk: 0.132 ± 0.031 vs 0.150 ± 0.035 μg/mg
pr, P = 0.225) and C (2 wk: 0.395 ± 0.044 vs 0.378 ±
0.043 μg/mg pr, P = 0.387; 4 wk: 0.370 ± 0.032 vs 0.367
± 0.041 μg/mg pr, P = 0.853); Pathological changes:
In group B, the main pathological changes were
fibroplasias in the treated serous membrane surface
and in group D, the fibroplasia was shown in the whole
layer of the vermiform processes. In group E, the main
pathological changes were acute and chronic suppurative
inflammatory reactions. These changes were lighter in
the experimental subgroups than those in the control
subgroups in the three groups. In group C, the main
changes were foreign body giant cell and granuloma
reactions and fibroplasias in different degrees, with no
apparent differences between the experimental and
control subgroups.
CONCLUSION: The gelatinizedly-modified chitosan film
is effective on preventing peritoneal adhesions induced
by wound, ischemia and infection, but the effect is not
apparent in foreign body-induced adhesion.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Peritoneal adhesion is a kind of defensive reaction to
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peritoneal injury. However, it can also result in intestinal
obstruction and cause severe clinical disorders. Therefore,
it is important to prevent peritoneal adhesion in abdominal
surgical operations. Unfortunately up to now, there have
been no ideal methods to prevent peritoneal adhesion in
clinical practice. Chitosan is a deacetylated derivate from
chitin. Many previous studies showed that chitosan has
effects of haemostasis, and sterilization, facilitates epithelial
reparation and inhibits fibroblastic growth[1-3]. Chitosan has
been used to prevent tissue adhesions, such as peritoneal
adhesion, tendon adhesion and synarthrophysis [4-6]. In
clinical application, it was found that the gel flows easily
and is difficult to stay in the target regions for sufficient
time, and the gel also degrades so fast that it could only
maintain effectiveness for a short duration. In order to
delay the degradation and decrease the fluidity of the
gel, in our previous study, we processed the chitosan to
films and transplanted it into the abdominal cavity of
rats. But the film degraded too slowly and 8 wk after the
transplantation, most of the films resided in the cavity.
The residual film was encapsulated by the surrounding
tissue and the peritoneal adhesion was worsened. In order
to overcome these disadvantages, we mixed gelatin to
chitosan and produced blending films. The blending film
degraded much faster than the previous pure chitosan film,
but it also produced foreign body reactions and formed
severe foreign body granuloma around the blending film[7].
To solve the above problems and develop a useful
chitosan film to prevent the peritoneal adhesion, in the
present study we chemically modified the chitosan by
gelatinization to develop a new sort of chitosan film, and
comparatively studied the preventive effect of the film
on peritoneal adhesions induced by wound, infection,
ischemia and foreign body in rats.

MATERIALS AND METHODS
Animals and grouping
Two hundred Sprague-Dawley rats, one half for each gender,
weighing 200-250 g, were provided by the Experimental
Animal Center of Zhejiang Province. They were randomly
divided into five groups: sham-operation group (group A),
wound-induced adhesion group (group B), purified talcinduced adhesion group (group C), vascular ligationinduced adhesion group (group D), and infection-induced
adhesion group (group E). Each of the above groups was
subdivided into two subgroups, experimental and control
subgroups (20 rats for each subgroup and one half for each
gender). All the rats were fed under the same conditions:
at 24-26℃ of environmental temperature, about 40%
humidity, with an alternate 12 h light/dark cycle, and free
access to food and water.
Preparation of chitosan film
The chitosan (from Yuhuan Aoxing Chitin Ltd., Zhejiang
Province, China) was dissolved, purified, gelatinizedly
modified, filtered and made into films. The films were
dried and dissected to patches of 10 cm × 10 cm in
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size and 60 μm in thickness, and the film patches were
sterilized by radiation of 60Co for later use.
Surgical operation
Under general anaesthesia with intraperitoneal injection of
3% amobarbital (60-90 mg/kg), the rats were immobilized
in dorsal position, routinely degermed, abdominally
incised through a median incision of 2-3 cm long, and
their vermiform processes were searched and pulled out
of the incisions, then the terminal vermiform processes
within a length of 3 cm were treated as follows: In group
A, the vermiform processes were exposed to air for 5 min;
in group B, the anterior surface of serous membrane was
scraped slightly with surgical blade till obvious congestion
and small bleeding drops appeared; in group C, 10 mg
of talc powders were evenly smeared over the anterior
surface of serous membrane; in group D, the vermiform
artery stem was ligated with 0# surgical thread at a point
of 3 cm from the dead end in the following way: loosely
knotting the first loop, thrilling a thread with equivalent
diameter to the vermiform artery stem through the first
loop, tightening the first loop, pulling out the thrilled
thread, and knotting and tightening the second loop of
the ligation knot. The ligation resulted in a stricture of
vermiform artery, which induced ischemia of the distal
vermiform tissue from the ligation point. In group E, the
dead end of the vermiform process was poked out with a
hole using a 16# needle, a drop of intestinal content was
extruded out and evenly smeared over the anterior surface
of serous membrane, and then the remaining content in
the vermiform process was pushed to the cecum. After
the above treatments, for the experimental subgroups, the
treated serous membranes were covered with the prepared
chitosan films, and the vermiform processes were put back
into the abdominal cavity, which were then closed. For
the control subgroups, all the treatments were the same
as those of the experimental subgroups except that the
chitosan film was not placed. The duration from opening
to closing the abdominal cavity was 5 min, so that the
duration of exposure of intestines to air was the same for
each rat.
At 2 and 4 wk after the surgery, 10 rats (5 female
and 5 male) in each subgroup were randomly selected
respectively and their abdominal cavities were reopened
under anaesthesia, and the grades of peritoneal adhesion
were evaluated, which existed between the treated
vermiform processes and intestines, mesenteries and
abdominal walls. After that, the vermiform processes with
adhesions were resected and washed with normal saline,
and then were divided into two segments for each resected
process. The proximal segments were fixed with formalin
and histopathologically examined, and the distal segments
were stored at -80℃ for measurement of hydroxyproline
(OHP).
Grading standard for peritoneal adhesion
According to Bhatia’s[8] grading method of 5 levels and
considering the characteristics of peritoneal adhesion
in rats, we formulated the following grading standard:
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Table 1 Comparison of peritoneal adhesive grades between experimental and control subgroups within each group
Control group (n = 10)

Group
0

Ⅰ

Ⅱ

Group A: sham-operation
2 wk
9
1
0
4 wk
10
0
0
Group B: wound-induced adhesion
2 wk
0
5
4
4 wk
0
5
5
Group C: purified talc-induced adhesion
2 wk
0
0
1
4 wk
0
0
1
Group D: vascular ligation-induced adhesion
2 wk
0
4
4
4 wk
1
4
4
Group E: infection-induced adhesion
2 wk
0
0
1
4 wk
0
0
1

Experimental group (n = 10)

P

0
0

45.000
45.000

0.317
0.317

0
0

0
0

14.500
7.500

0.005
0.001

1
0

2
4

7
6

45.500
43.000

0.687
0.547

6
4

1
1

0
0

0
0

18.000
21.500

0.009
0.023

4
6

5
4

1
0

0
0

5.500
2.000

Ⅳ

0

Ⅰ

Ⅱ

Ⅲ

Ⅳ

0
0

0
0

10
9

0
1

0
0

0
0

1
0

0
0

6
7

3
3

1
0

3
4

6
5

0
0

0
0

2
1

0
0

3
5

4
5

5
4

0
0

Grade 0: no adhesions; GradeⅠ: the ratio of adhesive
area/total treated area in the vermiform processes is
< 50%, and the adhesion is easily to be dissected bluntly;
Grade Ⅱ: the ratio is ≥ 50％, and the adhesion is easily
to be dissected bluntly; Grade Ⅲ: area of the adhesion is
out of consideration. Although blunt dissection for the
adhesion can be carried out, it is difficult and the intestinal
wall will be impaired after the blunt dissection; Grade Ⅳ:
area of the adhesion is out of consideration. The adhesion
is fast and cannot be bluntly dissected. Each rat was graded
by three referees blindly and the average grade of the three
was accepted as the adhesive grade of the rat.
Determination of total protein and OHP
The levels of total protein and OHP in the adhesive tissue
were determined using the corresponding kits supplied
by Nanjing Jiancheng Bioengineering Institute, China.
The determining processes completely followed the
instructions of the kits. Contents of OHP in the adhesive
tissue were calculated as micrograms of OHP in each
milligram of total protein (μg/mg pr).
Statistical analysis
All the data were processed with SPSS10.0. Mann-Whitney
U test of non-parametric statistics for independent
samples was used to analyze differences in the peritoneal
adhesive grades and t-test was used to analyze differences
in OHP levels between the experimental and control
subgroups within each group.

RESULTS
Gross findings
Abdominal incisions healed in first grade in all rats of all
groups. There was no obvious postoperative abdominal
infection in groups A, B, C and D at 2 and 4 wk after
the surgical operations. There was no residual chitosan
film in the abdominal cavities of rats in all experimental
subgroups.
Comparison of peritoneal adhesion grade
As it shows in Table 1, within group A (sham-operation
www.wjgnet.com

U

Ⅲ

0.001
< 0.001

group) and group C (talc-induced adhesion group), there
was no significant difference in peritoneal adhesion
between the experimental and control subgroups both at
2 and 4 wk (P > 0.05). Within group B (wound-induced
adhesion group), group D (vascular ligation-induced
adhesion group) and group E (infection-induced adhesion
group), the peritoneal adhesion grades of experimental
subgroups were significantly lower than those of corresponding control subgroups (P < 0.05) both at 2 and
4 wk after the surgical treatments. It indicates that the
gelatinizedly modified chitosan film has remarkable effect
on preventing peritoneal adhesions induced by wound,
ischemia and infection, but no obvious effect on adhesion
induced by talc powders. From the results in Table 1, we
also concluded that in group E, the mean decreased adhesion
grades were 1.7 and 1.4 from experimental to control group
at 2 and 4 wk respectively. While in group B, the mean
decreased grades were 1.1 and 1.2, and in group D, the
mean decreased grades were 1.0 and 0.9. It suggests that
the modified chitosan film is more effective on preventing
infection-induced peritoneal adhesion than on wound and
ischemia induced adhesion.
Comparison of OHP levels in adhesive tissue
As it shows in Table 2, in groups A and C, there were
no significant differences in OHP levels between the
experimental and control subgroups both at 2 and 4 wk
(P > 0.05). In groups B, D and E, the OHP levels of
experimental subgroups were significantly lower than
those of corresponding control subgroups (P < 0.05) both
at 2 and 4 wk after the surgical treatments. The changes
in OHP levels were concordant with the changes in the
adhesive grades, and it was confirmed to have a peritoneal
adhesion-preventive effect when the gelatinizedly modified
chitosan film was applied to regions with wound, ischemia
and infection in abdominal surgical operations.
Comparison of pathological changes
In group A, there were no obvious pathological changes
in vermiform processes of all rats. In groups B and D,
there were obvious fibroplasias and sporadic infiltration of
lymphocytes in serous membrane (group B) and the whole
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Table 2 Comparison of OHP levels between experimental and control subgroups within each group (μg/mg pr)
Group

Control group (n = 10)

Group A: sham-operation
2 wk
0.137 ± 0.026
4 wk
0.150 ± 0.035
Group B: wound-induced adhesion
2 wk
0.285 ± 0.041
4 wk
0.276 ± 0.038
Group C: purified talc-induced adhesion
2 wk
0.378 ± 0.043
4 wk
0.367 ± 0.041
Group D: vascular ligation-induced adhesion
2 wk
0.274 ± 0.040
4 wk
0.281 ± 0.047
Group E: infection-induced adhesion
2 wk
0.371 ± 0.040
4 wk
0.355 ± 0.029

Experimental group (n = 10)

t

P

0.141 ± 0.028
0.132 ± 0.031

0.331
1.217

0.737
0.225

0.199 ± 0.026
0.183 ± 0.034

5.602
5.768

< 0.001
< 0.001

0.395 ± 0.044
0.370 ± 0.032

0.874
0.182

0.387
0.853

0.216 ± 0.036
0.211 ± 0.044

3.408
3.438

0.004
0.003

0.259 ± 0.039
0.242 ± 0.045

6.34
6.675

< 0.001
< 0.001

layer (group D) of the adhesive vermiform processes at
2 wk, and the main pathological change was fibroplasia at
4 wk after the surgical treatments. The above pathological
changes were milder in experimental subgroups than those
in control subgroups except for changes in group D and at
4 wk. In group C at 2 wk, there occurred obvious foreignbody giant cell reactions, granuloma, fibroplasias and
sporadic infiltration of lymphocytes at the treated serous
membranes of adhesive vermiform processes, and the
granuloma and fibroplasias became severer at 4 wk. There
were no significant differences in the above pathological
changes between the experimental and control subgroups.
In group E, the main pathological change in the treated
region was acute suppurative inflammation at 2 wk,
and chronic inflammatory reaction characterized with
granulation and fibroplasias at 4 wk after the surgical
treatments. The above inflammatory reactions were milder
in experimental subgroup than those in control subgroup
both at 2 and 4 wk.

DISCUSSION
Chitosan is chemically termed β-(1, 4)-2-amino-2-deoxyD-dextran, and its main component is glucosamine.
Glucosamine is also a sort of internal substance in
human bodies, therefore, chitosan is biocompatible. If
the chitosan is introduced into animal or human bodies, it
will be degraded into small molecules of oligosaccharides
and absorbed by the bodies without causing any acute
or chronic toxicity. Chitosan is a derivant of deacetylized
chitin, and the chitin is the major component of outer
shells of invertebrates. Because of these characteristics
of chitosan, it is widely and deeply researched in areas
of pharmaceutical preparations and medical polymer
synthesis[9].
Peritoneal adhesion occurs in more than three
fourths of patients following laparotomy. The outcomes
of adhesion are unpredictable and diverse, causing a
significant health care burden. Intestinal obstruction,
infertility, problems at reoperative surgery and cumulative
costs of care over many years are the key concerns [10].
The peritoneal adhesion develops only several hours

after the abdominal surgical operations. At first, the
serous fluid exudes from the injured sides of intestinal
wall, and then fibrinogen in the serous fluid transforms
to fibrin and coagulates, thereby membranous peritoneal
adhesion in the injured intestinal wall is formed. After
that, the fibrinolytic system is activated and the fibrin is
lyzed, thereby the membranous peritoneal adhesion is
gradually eliminated. If the fibrin cannot be totally lyzed,
the left fibrin will be organized and develop fibrinous
adhesion, which usually forms at 2 wk after the surgical
operation[11]. Based on the mechanisms through which the
chitosan prevents peritoneal adhesion: inhibiting growth
of fibroblasts, facilitating reparation of the epithelium,
and disinfection, it is concluded that the chitosan can only
prevent against pre-fibrinous adhesion. Once the fibrinous
adhesion is formed, chitosan is useless. Therefore, when
we use chitosan film to prevent peritoneal adhesion, the
optimal duration for the film to stay in the abdominal
cavity is within 2 wk. Firstly, the film can exert an
effect of mechanical isolation in a solid state before it
is completely degraded; On the other hand, when the
film is degraded, the released chitosan monomers can
also take anti-adhesive effect. In the present study, we
gelatinizedly modified the chitosan to develop a new sort
of chitosan film, which can be slowly dissolved in water.
The experiments demonstrated that, within 2 wk after the
film was transplanted into the abdominal cavity of the
rats, it was completely degraded and absorbed without any
foreign-body granuloma reaction. This suggests that the
gelatinizedly modified chitosan film has the potential to be
biomaterial for adhesion-prevention.
There are many factors that can induce peritoneal
adhesions, of which the main factors are wound, ischemia,
infection and foreign bodies. In most cases of clinical
peritoneal adhesion, the adhesions are caused by combined
factors, among which one or several factors play major
roles [11,12] . The present study utilized rat models to
investigate effects of the gelatinizedly modified chitosan
film on peritoneal adhesions induced by four different
factors. The results demonstrated that, at 2 and 4 wk after
the surgical operations, the chitosan films significantly
reduced the adhesion grades in groups of wound, ischemia
www.wjgnet.com

1266

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

and infection-induced adhesions. This suggests that the
chitosan films have obvious preventing effects on wound,
ischemia and infection-induced peritoneal adhesions. The
results also demonstrated that the films are more effective
on infection-induced peritoneal adhesion. The mechanism
may be as follows: The chitosan film prevents infectioninduced peritoneal adhesion not only through promoting
the epithelium recovery and inhibiting the growth of
fibrous tissue, but also through its anti-infection effect by
inhibiting hyperplasia of granulation and fibrous tissue.
Through the double pathways the chitosan may inhibit
the adhesion more strongly. It also seemed that healing
of the abdominal incisions is not obviously affected by
the chitosan transplantation. With respect to effects of
the chitosan film on intra-abdominal anastomotic stoma
healing, it needs to be clarified further.
Within the talc powder-induced adhesion group, there
were no significant differences in adhesive grades between
the experimental and control subgroups both at 2 and 4 wk.
This showed that the gelatinizedly modified chitosan film
has no obvious preventive effect on foreign body-induced
peritoneal adhesion. The reason is as follows: For the talc
powder-induced adhesion, the main pathological changes
are foreign-body granuloma complicated with a large
quantity of fibroplasias, and these changes will maintain
as long as the foreign bodies exist. However, the chitosan
film degraded in a relative fast rate in the abdominal cavity
and there was no obvious residual film at 2 wk after the
transplantation. Therefore, the fast degraded film cannot
exert a strong effect on a chronic and persistent foreignbody granuloma reaction.
There is a high content of OHP in collagen protein,
a very low content in elastin protein, and none in other
sorts of proteins. Ozogul et al[13] reported that there existed
positive correlation between adhesive grades and OHP
levels in the adhesive tissue, and concluded that OHP
is a significant index to measure the adhesive degree of
tissue, which is more sensitive and objective than the index
of gross adhesive grade. In the present study, the OHP
changing tendency within each group and differences in
OHP levels between subgroups were concordant to those
of adhesive grades. This further confirms the preventive
effect of gelatinizedly modified chitosan film on wound,
ischemia and infection-induced peritoneal adhesions.
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In the previous application of chitosan gels to the prevention of peritoneal
adhesion, it was found that the gel was much fluid and was difficult to stay in the
target places for sufficient time, and moreover, the gel degraded so fast that it
could only maintain the effectiveness for a short duration. In order to delay the
degradation and decrease the fluidity of the gel, we processed pure chitosan into
films, but the film degraded too slowly and the residual film was encapsulated
by surrounding tissue and the peritoneal adhesion was worsened. In order to
overcome these disadvantages, we mixed chitosan with gelatin and produced
blending films. The blending film degraded much faster than the previous pure
chitosan film, but it also created foreign body reaction and formed severe foreign
body granuloma around the blending film. In the present study we chemically
modified the chitosan in gelatinization to develop a new sort of chitosan film, and
showed that the film is remarkably effective on preventing peritoneal adhesions
induced by wound, ischemia and infection except the foreign body-induced
adhesion.

Applications

The study results suggest that the gelatinizedly-chitosan film is a potential
therapeutic material that could be used in preventing peritoneal adhesions induced
by wound, ischemia and infection.

Terminology

Peritoneal adhesion: Peritoneal adhesion is a sort of defensive reaction to the
peritoneal injury mainly including wound, infection, ischemia and foreign body,
but it can also develop intestinal obstruction and cause severe clinical disorders;
chitosan: Chitosan is a deacetylated derivate from chitin, and chitin is the second
most abundant natural biopolymer derived from exoskeletons of crustaceans and
also from cell walls of fungi and insects.
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Abstract
Ampullary carcinoid is a rare tumor that can present
with gastrointestinal bleeding, obstructive jaundice
or pancreatitis. Some of these tumors are associated
with Von Recklinghausen disease. The usual surgical
options are a biliary-enteric anastomosis, Whipple
procedure or rarely a local resection. The mean
survival does not appear to be much different after a
pancreaticoduodenectomy versus local surgical excision.
We report a very rare case of a non-metastatic ampullary
carcinoid causing upper gastrointestinal bleeding, which
was managed by endoscopic ampullectomy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Despite being rare, carcinoids are the most common
neuroendocrine tumors of the gastrointestinal (GI)
tract[1,2]. Carcinoid of the ampulla is an extremely rare
tumor (0.05%) for which the correct pre-operative
diagnosis is very low (14%) and very rarely they present
with an ulceration of the overlying duodenal mucosa[2].
Less than 3% of ampullary carcinoids patients experience
carcinoid syndrome [3]. These tumors generally have an
indolent course, but more aggressive behavior in the
www.wjgnet.com

form of distant metastases has been reported. We report
a case of an ampullary carcinoid that manifested as an
upper gastrointestinal bleeding and was managed with
endoscopic snare resection of the ampulla of Vater.

CASE REPORT
A 71-year old man underwent upper endoscopy for the
work up of a recent history of epigastric pain, melena
and a 4 g decrease in hemoglobin. The esophagogastr
oduodenoscopy (EGD) was unremarkable except for a
prominent ampullary area. A sideviewing scope showed an
approximately 1.5 cm mass with an overlying superficial
ulcer (Figure 1A). Biopsy specimen revealed a carcinoid
tumor involving the muscularis propria (Figure 2A and B).
The tumor lacked mitotic activity and psammoma bodies
(sometimes associated with duodenal somatostatinomas).
The tumor was positive for chromogranin, synaptophysin
and somatostatin, and negative for gastrin, insulin,
glucagon and human pancreatic polypeptide. The patient
denied flushing, diarrhea, weight loss or wheezing. His
liver enzymes were normal. A CT and an octreotide scan
were unremarkable. EUS revealed no regional lymph
nodes and tumor free pancreatic and common bile ducts.
A serum serotonin level was normal at 80 ng/mL (22-180
ng/mL) and urinary 5-HIAA was 6.1 mg/24 h (normal up
to 6 mg/24 h).
The patient declined aggressive surgical options but
agreed to undergo an endoscopic ampullectomy with
its modest risk of complications. After submucosal
saline injection in the ampullary area, a snare assisted
ampullectomy was performed with blended current (cut
to coagulation ratio 5:1) at a setting of 150:30 watts
using an electrosurgical unit (ERBE ICC-200, Tubingen,
Germany). The tumor was removed piecemeal. A 5 Fr,
3 cm pancreatic stent was placed to prevent pancreatitis.
The procedure was uneventful except for mild oozing
which promptly stopped with local infiltration of 4 cc of
1/10 000 epinephrine. The patient remained stable except
for an asymptomatic transient elevation of transaminases
and was discharged the next evening. The pancreatic stent
was removed two weeks later and there was no residual
tumor seen at this examination (Figure 1B). He did not
have any further episodes of GI bleeding in the last three
years. His hemoglobin and liver related tests were normal.
Subsequent follow-up endoscopies using a side-viewing
scope showed no residual tumor and biopsies (using jumbo
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Figure 1 Endoscopic view showing an ampullary tumor (A) and the same area
weeks after endoscopic resection of the tumor (B).

B

forceps) of the area remained negative for tumor cells. A
follow-up EUS and two CT scans were also unremarkable.

DISCUSSION
Neuroendocrine neoplasms only rarely occur at the
ampulla of Vater, and consist mostly of carcinoids and
occasionally of poorly differentiated endocrine carcinomas
(small cell carcinomas) [4]. Up to 26% of patients may
have associated Von Recklinghausen disease[5]. There is
a higher incidence (46%) of finding metastatic disease at
diagnosis in carcinoids of the ampullary area. Jaundice
(53%), pain (24%), pancreatitis (6%) and weight loss
(3.6%) are common presenting symptoms [6] but upper
GI bleeding from ulceration is rare[7]. Carcinoids have an
intact overlying mucosa which may explain a high rate
of false negative biopsies[2,6]. Examination using a sideviewing scope and obtaining deep excavating biopsies is
essential towards establishing the diagnosis. The possibility
of the bile duct involvement should be ascertained with
ERCP and/or EUS. In detecting smaller tumors and for
local angio-invasion, EUS could be extremely sensitive[8].
CT scan and MRI have a low sensitivity for the primary
lesion[8]. Somatostatin receptor scan is 86% sensitive for
duodenal carcinoids of ≥ 1 cm, in detecting both primary
and metastatic disease[9]. A capsule endoscopy should be
considered to rule out synchronous small bowel lesions.
Re-classified by WHO, carcinoids are now called
neuroendocrine tumors. Ampullary carcinoids range from
highly differentiated (probably benign) to well differentiated
endocrine carcinomas and poorly differentiated carcinomas.
The overall survival appears to be excellent at 90% for well
differentiated tumors[2], but poor when these are not so
well differentiated[10].
Choosing the best treatment option for ampullary
carcinoids could be challenging. Although tumor size is
not a good prognostic predictor [2,10], most experts still
recommend either a Whipple or a pylorus preserving
pancreatico-duodenectomy (PPPD) for tumors over 2 cm
in size[11]. Metastatic disease has been found in 48% and
40% of the patients with tumor sizes of more than 2 cm
and less than 2 cm, respectively[12]. Thus, some experts
recommend a Whipple pancreatico-duodenectomy for all
size tumors. On the other hand long-term survival has
been achieved with local resection only[2,13]. In a study of

Figure 2 Histological examination of the resected specimen revealing carcinoid
in the mucosa and submucosa, composed of discrete solid nests of round tumor
cells with central nuclei and occasionally with gland-like lumina (A) and solid nests
of tumor cells involving the musclaris propria (B) (HE, x 100).

90 patients with ampullary carcinoids, 52 had a PPPD
(majority > 2 cm), while 22 underwent a local resection
(majority < 2 cm). Post-operative mortality was 3/52 in
the PPPD group compared to 0/22 in the group with local
resection[14]. Therefore, less radical approaches should be
considered in highly differentiated, slow growing tumors.
In relatively high surgical risk patients with a small, nonmetastatic tumor, local excision seems to be a reasonable
operative choice, whereas the least invasive approach should
be reserved for those who are not surgical candidates. An
endoscopic ampullectomy which seems to be an effective
treatment in the management of ampullary adenomas,
could also be a viable option in selected patients with
tumors in situ (Tis)[15] and carcinoids of the ampulla of
Vater, without vascular invasion.
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Abstract
We describe a rare case of the transformation of a
dysplastic nodule into well-differentiated hepatocellular carcinoma (HCC) in a 56-year-old man with
alcoholrelated liver cirrhosis. Ultrasound (US) disclosed
a 10 mm hypoechoic nodule and contrast enhanced US
revealed a hypovascular nodule, both in segment seven.
US-guided biopsy revealed a high-grade dysplastic
nodule characterized by enhanced cellularity with a
high N/C ratio, increased cytoplasmic eosinophilia,
and slight cell atypia. One year later, the US pattern of
the nodule changed from hypoechoic to hyperechoic
without any change in size or hypovascularity. US-guided
biopsy revealed well-differentiated HCC of the same
features as shown in the first biopsy, but with additional
pseudoglandular formation and moderate cell atypia.
Moreover, immunohistochemical staining of cyclaseassociated protein 2, a new molecular marker of welldifferentiated HCC, turned positive. This is the first case
of multistep hepatocarcinogenesis from a dysplastic
nodule to well-differentiated HCC within one year in
alcohol-related liver cirrhosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In Wester n countries and in Japan, hepatocellular
carcinoma (HCC) usually develops in close association
with pre-existing liver cirrhosis (LC). The cirrhotic
liver is therefore believed to have a precancerous lesion
recognizable as a small nodule, referred to as the dysplastic
nodule[1] or adenomatous hyperplasia[2]. The mean size
of most dysplastic nodules is 7-8 mm, seldom larger
than 20 mm in diameter. Among LC cases, the dysplastic
nodule is usually hepatitis C virus (HCV)-related, rarely
hepatitis B virus (HBV)-related, and has not been reported
as alcohol-related. HCC usually develops in chronic liver
diseases such as HCV and HBV. In Japan, HCC occurs
in 81% of HCV and 14% of HBV carriers[3], but seldom
in alcohol-related LC, whereas in the United States HCC
occurs in 30% of alcohol-related LC[4]. Herein we describe
a rare case of multistep hepatocarcinogenesis from a
dysplastic nodule to well-differentiated HCC in a patient
with alcohol-related LC.

CASE REPORT
A 56-year-old man was admitted to Kobe Asahi Hospital
in April 2005 for further examination of a 10 mm
hypoechoic nodule in the liver. In April 2001, histologic
analysis of tissue obtained at biopsy because of his
abnormal liver function had revealed alcohol-related
LC (Figure 1); no nodule was detected. His alcohol
consumption over 35 years was 120 mL/d. A physical
examination on admission in April 2005 showed no
remarkable abnormalities. There was no evidence of
www.wjgnet.com
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Figure 1 Histological features of liver
biopsy (April 2001),
alcohol-related liver
cirrhosis, micronodular liver cirrhosis
with fatty change
(HE × 100).
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Figure 3 Histological features of US-guided liver biopsy of the liver. A: High
grade dysplastic nodule (April 2005): increased cellularity with a high N/C ratio,
increased cytoplasmic eosinophilia, and slight atypia (HE × 200); B: Non nodular
lesion (HE × 200) (April 2005), well-differentiated HCC (May 2006): increased
cellularity with a high N/C ratio, increased cytoplasmic eosinophilia, moderate
atypia, and pseudoglandular formation (arrow) (HE × 200); C: Non-nodular lesion
(May 2006); D: Immunohistochemical finding (May 2006) (HE × 200), CAP2
positive HCC cells are observed (more than 30%); E: Immunohistochemical finding
(May 2006) (HE × 200): Liver cirrhosis is negative for CAP2; CAP2 positive HCC
cells are observed (more than 30%); F: Immunohistochemical finding (May 2006)
(HE × 200): Liver cirrhosis is negative for CAP2.

lymph adenopathy or splenomegaly. The serum was
negative for HCV antibody (anti-HCV), hepatitis B surface
antigen (HBsAg), and hepatitis B core antibody (anti-HBc).
Laboratory data on admission in April 2005 disclosed the
following abnormal values: platelets 7.1 × 104/μL (normal
13.1-36.2), aspartate aminotransferase 88 IU/L (8-38),
γ-glutamyl transpeptidase (γ-GTP) 677 IU/L (16-84), total
bilirubin 1.4 mg/dL (0.2-1.0), and indocyanine green (ICG)
15 min retention rate 35% (0%-10%). Alpha-fetoprotein
(AFP), lens culinaris agglutinin A-reactive fraction of
alpha fetoprotein (AFP L3) and protein-induced vitamin
K absence (PIVKA Ⅱ) were within nor mal ranges.
Immunological examinations revealed the following: IgG
1452 mg/dL (870-1700), IgM 235 mg/dL (33-190), IgA
207 mg/dL (110-410), B cell 8% (14%-13%), T cell 83%
(66%-89%), CD4/CD8 ratio 2.08 (0.40-2.30), and NK cell
activity 50% (18%-40%). Ultrasound (US) disclosed a 10 mm
hypoechoic nodule in segment seven (S7) (Figure 2A). Plain
computed tomography (CT) did not show any nodule, and
contrast enhanced CT and magnetic resonance imaging
(MRI) did not reveal any enhanced nodule. MRI revealed
an isointensive nodule at both T1- and T2-weighted
sequences. CT hepatic arteriography (CTA) did not show
any enhanced nodule, and CT during arterial portography
www.wjgnet.com

Figure 2 A: US imaging (April 2005). A 10 mm hypoechoic nodule in S7; B:
contrast enhanced US (April 2005). Hypovascularity in the early phase; C: US
imaging (May 2006). A 10 mm hyperechoic nodule in S7.

(CTAP) did not show any perfusion defect. Contrast
enhanced US revealed a hypovascular nodule (Figure 2B). A
US-guided biopsy revealed a high grade dysplastic nodule
characterized by increased cellularity with a high N/C ratio,
increased cytoplasmic eosinophilia, and slight cell atypia
(Figure 3A and B). Immunohistochemical staining of both
heat shock protein (HSP) 70 and cyclase-associated protein
(CAP) 2 was negative.
In May 2006, the US pattern of the nodule changed
from hypoechoic to hyperechoic (Figure 2C), although the
size of the nodule did not change. Constant enhanced US
revealed a hypovascular nodule, and AFP, AFP L3, and
PIVKA Ⅱ were within normal ranges. The findings of
imaging studies including contrast enhanced CT and MRI
were all the same as in April 2005. A US-guided biopsy
revealed well differentiated HCC of the same features
as those in April 2005 with additional pseudoglandular
formation and moderate cell atypia (Figure 3C and D).
Immunohistochemical staining of CAP2 was over 30%
positive (Figure 3E and F), although HSP70 staining was
negative.

DISCUSSION
According to the classification by the International
Working Party of the World Congress of Gastroenterology,
hepatic nodules in patients with chronic liver diseases are
subdivided into regenerative nodules (mono acinus and
multi acinus), low-grade dysplastic nodules, high-grade
dysplastic nodules, well-differentiated HCC, moderatelydifferentiated HCC, and poorly-differentiated HCC, in
an ascending order of histologic grades, representing a
sequence of multistep hepatocarcinogenesis[1].
It is often difficult-even for the hepatopathologist - to
differentiate among regenerative nodules, precancerous
lesions, and early HCC, especially from the examination
of biopsy specimens. Therefore, the uncovering of an
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objective molecular marker that would help to standardize
histological diagnosis of early HCC and to lead to
appropriate treatment is eagerly anticipated. Also, the
molecular mechanisms of hepatocarcinogenesis are far
from clear. A molecular understanding of multistep
hepatocarcinogenesis is an important step toward
the identification of additional biomarkers and new
therapeutic targets of a greater specificity for HCC
management. Diagnosis is based on histologic analysis of
liver samples for identifying cytoarchitechtural features
(cell atypia, increased cellularity, increased cytoplasmic
eosinophilia, fatty change, pseudoglandular formation,
trabecular thickness, etc) and on infor mation from
immunocytochemical staining, such as that with HSP70[5],
and CAP2[6].
Chuma et al[5] have found several up-regulated genes
involved in HCC progression by comparing expression
profiles among early and progressed components of
seven nodule-in-nodule-type HCCs (1 HBV-positive
case, 5 HCV-positive cases and 1 negative for both B
and C) and their corresponding non-cancerous liver
tissues, with the use of an oligonucleotide array: HSP70
(a molecular marker of early HCC) and CAP2, with upregulated expression in a stepwise manner in multistage
hepatocarcinogenesis[6].
Immunohistochemically, HSP70 is significantly
overexpressed in early HCC compared with its expression
in dysplastic nodules, reaching 80% in most cases of welldifferentiated HCC[5].
All cases of dysplastic nodules were negative or focally
positive (about 5%-10% of the lesions) for CAP2; in
contrast, most cases of HCC (27 of 29 cases) were positive
for CAP2, to some extent. Of the lesions, 70%-100% were
positive in the progressed components, and the positivity
of well-differentiated HCC ranged from 10% to 100%[6].
In our case, although CAP2 staining of the first
biopsy (April 2005) was negative, that of the second
(May 2006) was positive over 30%. Histopathologically,
the distinct difference between the two biopsies was the
pseudoglandular formation and the moderate cell atypia of
the second biopsy that are specific to well-differentiated
HCC.
Consequently, we made the definite diagnosis of a
high-grade dysplastic nodule after the first biopsy and a
well-differentiated HCC after the second biopsy.
In our case, immunohistochemical staining of HSP70
was negative in the second biopsy, whereas that of CAP2
was positive. One explanation for this discrepancy is
the difference in the positivity of immunohistochemical
staining of well-differentiated HCC between HSP70
(72%)[5] and CAP2 (93%)[6].
It is well accepted that HCC can in a multistep manner
develop from a dysplastic nodule[7,8] into HCC. Among LC
cases, the dysplastic nodule is usually HCV-related, rarely
HBV-related, and has not been reported as alcohol-related.
Similarly, multistep hepatocarcinogenesis from a dysplastic
nodule to well-differentiated HCC is usually HCV-related,
rarely HBV-related, and has not been reported as alcoholrelated[4].
In April 2001, no nodule was detected; in April 2005,
a 10 mm hypoechoic nodule with the background of
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alcohol-related LC appeared in S7. Imaging studies by
contrast enhanced US, CT, MRI, CTA, and CTAP revealed
a hypovascular nodule compatible with a dysplastic nodule
or well-differentiated HCC. The histopathological findings
revealed a high-grade dysplastic nodule. In May 2006, the
US pattern of the nodule changed from hypoechoic to
hyperechoic without any change in size, and the imaging
findings other than US were all the same as those in April
2005. Tumor markers such as AFP, AFP L3 and PIVKA Ⅱ
were within normal ranges. The histopathological findings
of the hyperechoic nodule revealed well-differentiated
HCC. Alcohol abuse in some cases induces hyperplastic
nodules that are usually associated with hypervascularity[9-11]
and that are often misdiagnosed as HCC from imaging
studies, as are dysplastic nodules from histopathological
findings. Hyperplastic nodules do not, however, transform
to HCC and often disappear subsequent to discontinued
alcohol intake. The dysplastic nodule in our case is, in this
respect, different from the hyperplastic nodule associated
with hypervascularity. The clinical course of the patient
showed multistep hepatocarcinogenesis from a dysplastic
nodule to well-differentiated HCC within one year with
the background of alcohol-related LC. The mechanism
by which alcohol causes HCC is not known, but has
been hypothesized to include oxidative stress, changes in
retinoic acid metabolism and DNA methylation, decreased
immune surveillance and genetic susceptibility [4]. The
former three factors are common in patients with alcohol
abuse. The latter two factors are specific to patients with
individual differences of alcohol intake. In this case
immunological examinations including immunoglobulin,
the percentage of B cells and T cells, CD4/CD8 ratio,
and NK cell activity were within almost normal limits.
Therefore, one explanation for the transformation from a
dysplastic nodule to an HCC may be genetic susceptibility
that was not examined at the time.
To the best of our knowledge, this is the first case of
multistep hepatocarcinogenesis from a dysplastic nodule
to a well-differentiated HCC in alcohol-related LC.
Further study is needed to clarify the objective criteria
for the definite diagnosis of dysplastic nodules and
well-differentiated HCC, and the precise mechanism of
hepatocarcinogenesis in alcohol-related LC.
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Abstract
Schwannoma is a myelin sheath tumor complicated
with neurofibroma, neurofibromatosis and neurogenic
sarcoma. Peripheral nerve sheath tumors represent
2%-6% of gastrointestinal tract stromal tumors (GIST),
but there are deficient data about location of neurogenic
tumors in the biliary system and only nine cases of
schwannoma of the extrahepatic biliary tract have been
reported. These tumors are clinically non-specific. They
are usually symptomatic by compressing the close or
adjacent structures when being retroperitoneal, and
their preoperative diagnosis is extremely difficult. This
paper reviews the literature data and describes a case
of schwannoma of the common bile duct associated
with cholestasis in a healthy young woman, diagnosed
and treated in our department. This case is of interest
on account of the complexity of its diagnosis and the
atypical macroscopic growth pattern of the tumor.
Key words: Schwannoma; Neurinoma; Common bile
duct; Biliary tract
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INTRODUCTION
Myelin sheath tumors comprise schwannoma, neu-

rofibroma, neurofibromatosis and neurogenic sarcoma.
More than 90% are benign [1] and present in young to
middle-aged subjects (twice in women than in men).
They are usually asymptomatic and hence discovered
incidentally [2] . Schwannoma is more common than
neurofibroma. Its origin is often single. The 10% with a
multiple origin[3] are classified as neurofibromatosis II,
a disorder of autosomal dominant inheritance[4]. When
located in gastrointestinal tract, schwannoma, leiomyoma,
leiomyosarcoma and leiomyoblastoma constitute the
gastrointestinal stromal tumors (GIST)[5]. Peripheral nerve
sheath tumors account for 2%-6% of the GIST, but there
are few reports of neurogenic tumors in the biliary system.
The retroperitoneum is rarely involved[6]. Schwannomas
arise only occasionally in the extrahepatic ducts and
provoke symptoms by compressing adjacent structures[7].
Their symptoms were so varied to make their preoperative
diagnosis very difficult. A cholestatic syndrome in a healthy
woman is described in this report.

CASE REPORT
The patient was a 41-year-old woman who presented with
ingravescent pruritus lasting one month, a 4 kg weight
loss and scleral subicterus. Her clinical and family history
were devoid of significance. There was no history of
drug intake. The physical examination evidenced a normal
spleen and the absence of lymphadenopathies in the
explorable sites. There was evidence of diffuse scratching
lesions on the lower limbs and subicteric sclerae.
Laboratory results: RBC 4.49 × 106/L (4.2-5.4), WBC
4.76 × 103/L (4-10), hemoglobin 14.4 g/dL (12-16), ESR
21 mm/s, PCR 0.76 mg/L (< 3), LDH 412 U/L (313-618),
total proteins 8.7 g/dL (6.3-8.2), total bilirubin 2.1 mg/dL
(0.2-1.3), conjugated bilirubin 1.4 mg/dL (0-0.4), bile acids
6.8 μmol/L (0-6), AST 90 U/L (< 40), ALT 161 U/L (9-56),
GGT 290 U/L (12-58), ALPh 192 U/L (38-126), amylase
60 U/L (30-110), antimitocondrial antibody negative, CEA
1.3 ng/mL (< 5), CA 19-9 48.5 U/mL (< 37), CA-125
39.6 U/mL (< 35).
A CT scan (Figure 1A) revealed a lesion between the
head of the pancreas and the gall bladder infundibulum
near to the middle segment of the common bile duct.
The mass was heterogeneous with a diameter of 3 cm.
The upstream bile ducts were slightly dilated. The gall
bladder was overdistended and contained a 2 cm stone in
the fundus. Cholangio-MRI with the secretin test (Figure
1B-D) dislcosed a hypointensive signal in the weighted
www.wjgnet.com
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Figure 1 A: CT scan showing a very
heterogeneous formation with a liquid
content in close contiguity to the CBD
(white arrow); B, C, D: CholangioMRI reveals a solid formation with a
hypointensive signal in the weighted T1
sequences at the pancreatic isthmus
(white arrows) with dilation of the
upstream bile ducts.
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Figure 2 Intraoperative view of involvement of the intermediate tract of the common bile duct between its confluence with the cystic duct (A) and the prepancreatic tract (B)
and (C) Gross inspection showing that the lesion (arrows) is solid and situated intramurally and below the mucosa in close contiguity with the CBD.

T1 sequences. The mass was assigned to the pancreatic
isthmus. Its size and lack of uniformity were confirmed
and a neoplastic origin was suspected. A good response
to secretin showed that the function of the pancreas was
unimpaired. Biliopancreatic echoendoscopy ruled out
involvement of the pancreas, confirmed distention of
the gall bladder and disclosed a solid, non-vascularised
formation with many anaechogenic areas. Its contiguity
with the portal axis rendered percutaneous biopsy
inadvisable and exploratory laparotomy was performed.
The formation involved the intermediate tract of the
common bile duct between its confluence with the cystic
duct and the prepancreatic tract (Figure 2A). The middle
segment of the common bile duct was resected, together
with the gall bladder (overdistended, but uninflamed) and
the lymph nodes. A bilio-digestive Roux-en-Y anastomosis
was performed on the loop. Gross inspection showed an
intramural lesion under the mucosa with a diameter of 4
cm (Figure 2B and C). Histological examination revealed
the proliferation of interwoven bundles of fused cells,
occasionally separated by slacker, oedematous areas with
www.wjgnet.com

a pseudocystic appearance (Figure 3A). There were also
a few cells with an hyperchromic, atypical and bizarre
nucleus (Figure 3B), ectatic, congested and partially
thrombosed vessels (Figure 3C), and signs of perivascular
hyalinisation (Figure 3D).
Immunohistochemical investigation showed that the
tumor cells were vimentin and protein S-100 positive, and alphaactin, desmin, CD34, cytokeratin pan (clone ARE1/E3) and
CD117 negative. The postoperative course was uneventful.
The cholestatic and hepatic cytolytic indices normalised
after two months, with definite disappearance of pruritus,
which continue to be normal after one year .

DISCUSSION
Schwannoma of the bile ducts is particularly rare, and
it usually arises in the head, neck, spinal cord and the
extremities[8], but rarely in retroperitoneum (6% of primary
retroperitoneal tumors)[9]. It is usually located in the paravertebral regions or in the pre-sacral pelvic zone[2,10]. The
bladder and abdominal wall are occasionally involved.
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Liver, rectal colon and esophageal involvement has been
described[11-14], whereas only nine cases of schwannoma
of the extrahepatic biliary tract and one case of benign
schwannoma in the hepatoduodenal ligament have been
reported since the 1970s[7,15-23]. Determination of tumor
location must be done with great care when mass exists
between the liver and the retroperitoneum, especially
when the mass is hypovascular. Pre-surgical diagnosis of
the tumor is very difficult because early clinical detection
is limited until it gives a palpable mass or compresses the
surrounding organs[6].
Diagnosis is usually entrusted to CT and MRI. The
gastrointestinal schwannomas appeared as a round or
oval homogeneously attenuating, well-defined mass
with frequent signs of degeneration, such as cysts and
calcifications on CT[24]. Recently it was reported that CTs
do not reveal tumor capsule, cystic change, necrosis or
calcification in any of the observed schwannomas [25].
Weighted T1 images disclose masses with low-medium
signal intensity, whereas this is high in the weighted T2
images owing to alternation of the Antoni A and B areas
and secondary degeneration[26].
In the present case, CT illustrated a hypodense and
very heterogeneous for mation initially referable to
duodenal diverticulum. The MRI images were marked by
slight weighted T2 hyperintensity due to the partially fluid
content. A good response to secretin showed that the
function of the pancreas was unimpaired.
We did not employ PET with fluorodeoxyglucose
(FDG) uptake since it has been widely used to quantify
the metabolism of malignant bone and soft-tissue
malignant tumors, whereas little is known about FDG
uptake in benign lesions. FDG PET is of limited value for
the preoperative differentiation of schwannoma versus
sarcoma[27]. Thus, a high FDG uptake is rather common in
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Figure 3 A: Histological examination
showing that inter-woven bundles of fused
cells separated by slacker, oedematous
areas with a pseudocystic appearance
(Antoni A schwannoma growth pattern);
B: Histological examination showing a
few cells with hyperchromic, atypical and
bizarre nuclei.Histological examination
showing a few cells with hyperchromic,
atypical and bizarre nuclei; C: Histological
examination showing hyalinisation and
ectatic and partially thrombosed vessels;
D: Histological examination showing
perivascular hyalinisation.

schwannoma[28].
The macroscopic growth pattern of the tumor mass
was atypical. The two schwannoma growth patterns are
called Antoni A and Antoni B. Elongated cells form an
irregular, but compact palisade and the tissue arrangement
is loose and there are cystic spaces between the cells[29]. In
some cases, insufficient vascularisation of the mass may
lead to degeneration in the form of cysts, calcifications,
haemorrhages and hyalinisation [30]. These degenerative
tumors are called “ancient schwannomas”. Morphologic
and immunophenotypic features of the lesion pointed
to a so-called “ancient schwannoma”, with reactive
lymph nodes as described in the literature[31]. Digestive
tract schwannomas are different from their soft tissue
counterpart; they are not encapsulated and have an
intramural growth pattern. Moreover, they are different
both histologically and immunohistochimically from
peripheral schwannomas. Gastrointestinal schwannomas,
as in our case, are usually negative for CD34, CD117 and
muscle cell markers, whereas they are strongly positive
for vimentin and S100 protein. This typical combination
differentiates schwannomas of the digestive tract from
GIST. This differentiation is of practical importance.
Gastrointestinal schwannomas are benign and associated
with a good prognosis since post-surgical recurrences
are unusual[32], even when treated only with enucleation.
Gastrointestinal stromal tumors, on the other hand,
present a negative course in more than 50% of the
cases[33,34].
The distinctive feature of this case is the complexity
of its diagnosis. Conventional radiography was unable to
provide a precise picture of the nature and location of the
mass. A diagnosis deduced from the instrumental finding
often awaits intraoperative and definitive histological
www.wjgnet.com
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confirmation [6] . Despite its complications, resection
remains the treatment of choice. In the present case, only
explorative laparotomy was able to demonstrate the seat
and the nature of the lesion.
Lastly, in our case the postoperative course was
uneventful and the cholestatic symptoms regressed two
months after the operation.
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Abstract
Gastrointestinal duplication is a congenital rare disease
entity. Gastric duplication cysts seem to appear even
more rarely. Herein, two duplications cysts of the
stomach in a 46 year-old female patient are presented.
Abdominal computed tomography demonstrated a
cystic lesion attached to the posterior aspect of the
gastric fundus, while upper gastrointestinal endoscopy
was negative. An exploratory laparotomy revealed a
non-communicating cyst and a smaller similar cyst
embedded in the gastrosplenic ligament. Excision of
both cysts along with the spleen was performed and
pathology reported two smooth muscle coated cysts with
a pseudostratified ciliated epithelial lining (respiratory
type).
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal duplications are rare and even more
exceptional are those occurring in the stomach. As a
general definition, a gastrointestinal duplication is a

spherical hollow structure with a smooth muscle coat,
lined by a mucous membrane and attached to any part of
the gastrointestinal (GI) tract from the base of the tongue
to the anus [1]. These malformations are believed to be
congenital and are formed before differentiation of the
lining epithelium and, therefore, are named for the organs
with which they are associated[2]. Foregut duplications may
or may not communicate with the GI tract and usually
are diagnosed in a younger age; in adults non-specific
symptoms delay diagnosis, which is established during
surgical exploration[3]. Herein, two gastric duplication cysts
with respiratory epithelium are reported.

CASE REPORT
A 46-year-old female patient was admitted to our Surgical
Department from another medical center, where the patient was evaluated for an episode of loss of consciousness.
Past medical history, present status and physical examination were non disease-specific. Diagnostic workup included
an abdominal computed tomography (CT) which demonstrated a cystic lesion measuring 6 cm × 6 cm × 7 cm
attached to the posterior wall of the gastric fundus, was
well circumscribed and had no contrast enhancement
(Figure 1). Interestingly CT coronary sections revealed a
pulmonary sequestration in the basal segment of the left
lower lobe (Figure 2). Moreover, upper GI endoscopy
showed a bulging deformation of the gastric fundus by
an extrinsic mass, without any mucosal abnormalities. An
exploratory laparotomy was performed and revealed two
cystic lesions; the first was attached to the fundus of the
stomach and the second was embedded within the gastrosplenic ligament, close to the spleen. Therefore, intact
excision of both cysts and splenectomy were carried out.
Postoperative course was uneventful and the patient has
been asymptomatic since then.
Pathologic examination of the surgical specimens reported a large cyst, measuring 8 cm × 5.5 cm in diameter
and 0.3 cm thick and a smaller cyst (removed from the
gastrosplenic ligament), measuring 3 cm in diameter and
0.2 cm thick. Both consisted of a smooth muscular wall,
were lined by a pseudostratified, ciliated and columnar
(respiratory type) epithelium and contained a clear, gelatinous fluid. Sub-epithelium seromucous glands were microscopically identified (Figure 3), a histologic appearance
reminiscent of bronchial wall; however no cartilage was
present.
www.wjgnet.com
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Figure 1 Abdominal CT scan demonstrating a cystic lesion attached to the
posterior gastric wall (black arrow) and a pulmonary sequestration in the left
pulmonary base (white arrow).

Figure 3 Histological section of the cyst wall lined by a respiratory-type epithelium
and containing seromucinous glands (HE, x 100).

DISCUSSION
Gastric duplications account for between 3% and 20%
of gastrointestinal duplications[2,4,5] and occur twice as
frequent in females as in males. Controversy exists over the
embryological origin of these anomalies. Duplications of
the stomach are usually single, less than 12 cm in diameter
and located on the greater curvature or on the posterior
or anterior gastric wall[2]. Wieczorek et al[6] reported that
gastric duplications can be tubular or cystic; the cystic type
does not communicate with the gastric lumen (about 80%
of gastric duplication cysts[7]). The first case report of a
gastric duplication was published in 1911 by Wendel[8] and
approximately 150 cases have been reported since then[2].
Due to their position and mass effect, gastric duplications cysts are usually diagnosed in a younger age. However, in adults diagnosis may be difficult. A wide range of
symptoms and signs have been reported and vary from
asymptomatic to non disease-specific presentations, e.g.
vague abdominal complaints, nausea, vomiting, epigastric
fullness, weight loss, anemia, dysphagia, dyspepsia, etc.
Vomiting usually occurs due to partial or complete gastric
outlet obstruction, while even more emergent cases have
been reported such as pancreatitis[9], hemoptysis[10] and
gastrointestinal hemorrhage[11]. In our case, the female
patient presented with loss of consciousness due to dewww.wjgnet.com
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Figure 2 Coronary CT plate showing the pulmonary sequestration of the basal
segment of the left lower lobe (arrow).

hydration occurring as a result of excessive vomiting and
concomitant anemia. Associated pathologic conditions
including pulmonary sequestration[12], multicystic kidney[13]
and neoplasias[14] have been reported. The presence of respiratory type mucosa and seromucinous glands along with
the presence of pulmonary sequestration in the lower lobe
of the ipsilateral lung in our case supports the theory of
embryologic origin from supernumerary foregut buds.
Foregut duplications cysts of the stomach are usually
incidentally diagnosed. Although upper gastrointestinal series demonstrate external pressure on the stomach, preoperative workup mainly includes abdominal ultrasonography
and computed tomography scans, as well as endoscopic
ultrasonography and magnetic resonance imaging[15,16].
Due to malignant transformation and the report of
gastric cancer arising in duplications of the stomach[17] ,
surgical excision is considered to be the best treatment.
Complete resection of the cyst is the ideal technique
achieved with both open and laparoscopic[18] approaches.
Unsuccessful approaches including percutaneous or endoscopic aspiration of cystic fluid have been reported[19], but
are associated with complications, such as fistula formation and hemorrhage. When the recommended complete
excision is not possible, converting both stomachs into
one using a stapling device[20] or performing a segmental
gastrectomy[21] are the possible alternatives.
In conclusion, foregut duplication cysts of the
stomach are rare entities diagnosed incidentally and usually
intraoperatively in adults and should be treated surgically
by complete resection.
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Abstract
Small bowel metastases from primary carcinoma of the
lung are very uncommon and occur usually in patients
with terminal stage disease. These metastases are
usually asymptomatic, but may present as perforation,
obstruction, malabsorption, or hemorrhage. Hemorrhage
as a first presentation of small bowel metastases is
extremely rare and is related to very poor patient
survival. We describe a case of a 61- year old patient
with primary adenocarcinoma of the lung, presenting
with melena as the first manifestation of small bowel
metastasis. Both primary tumor and metastatic
lesions were diagnosed almost simultaneously. Upper
gastrointestinal endoscopy performed with a colonoscope
revealed active bleeding from a metastatic tumor
involving the duodenum and the proximal jejunum.
Histological examination and immunohistochemical
staining of the biopsy specimen strongly supported the
diagnosis of metastatic lung adenocarcinoma, suggesting
that small bowel metastases from primary carcinoma of
the lung occur usually in patients with terminal disease
and rarely produce symptoms. Gastrointestinal bleeding
from metastatic small intestinal lesions should be
included in the differential diagnosis of gastrointestinal
blood loss in a patient with a known bronchogenic tumor.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Metastases affecting the small bowel and originating from
carcinoma of the lung are rare, but recent reports suggest
that they may be more frequent than previously thought as
they rarely produce symptoms[1-3].
The majority of patients with metastases of the small
bowel reported in the literature, present with bowel
perforation[2-4]. Overt gastrointestinal hemorrhage has been
described in a few cases as a prelude to bowel perforation,
whilst it has been described only rarely as the main
presentation[5-7].
We present a case of a 61-year old patient with
upper gastrointestinal bleeding due to small bowel
metastases from a primary adenocarcinoma of the lung
with secondary deposits in the abdominal lymph nodes.
Metastatic involvement of the duodenum presenting with
melena has been described rarely in the literature.

Case report
A 61-year old man was admitted to our hospital with a
two-day history of melena. He reported a four-month
history of weakness, anorexia, 5 kg loss of weight, cough,
dyspnea on exertion, and blood-stained sputum, and a
two-month history of fatigue and altered bowel habits.
He was a cigarette smoker with chronic obstructive airway
disease and arterial hypertension.
On examination he was pale, with nor mal blood
pressure and pulse rate. He had wheezy breathing and
decreased breath sounds in the upper right lung region.
Melena was proved by digital examination.
Hematocrit was 35% and hemoglobin 9.5 g/dL. Chest
x-ray demonstrated a density in the upper region of the
right lower lobe. Endoscopy of the upper gastrointestinal
tract up to the second part of the duodenum revealed
erosive antral gastritis, but no active bleeding site. CT scan
of the thorax disclosed an irregularly-shaped nodular mass
measuring 4 cm in diameter, in the upper region of the
right lower lobe of the lung. Bronchial biopsy revealed
the presence of blood clots and desquamated bronchial
epithelial cells, without signs of malignancy. The results of
cytological examination of bronchial excretions, however,
proved positive for non-small cell carcinoma of the lung.
Staging of the disease followed by CT scan of the upper
and lower abdomen and the retroperitoneal space showed
multiple, enlarged bilateral para-aortic, and mesenteric
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Figure 1 Endoscopic appearance of a large hemorrhagic polypoid mass at the
proximal jejunum, representing metastatic lung carcinoma.

Figure 3 Embolus of neoplastic cells in lymph vessels of the intestinal villi.

lymph nodes.
The patient was started on combined chemotherapy
with cisplatin and hydrochloric gemsitabine. His bowel
motions became normal by the third day of hospitalization
and he was subsequently discharged, denying further
investigation.
During admission for the second round of chemotherapy and one month after diagnosis, the patient
complained of diffuse abdominal pain and tenderness.
Shor tly afterwards this was accompanied with
hemodynamic instability and tachypnea. Melena was proved
by digital examination. Hematocrit fell from 34% to 26%,
hemoglobin from 9 g/dL to 6 g/dL, and serum urea/
creatinine ratio was greater than 40 (urea being 60mg/dL
and creatinine 1.3 mg/dL). Plain abdominal X-ray showed
no abnormalities and the patient underwent endoscopy of
the upper and lower gastrointestinal tract using a Pentax©
160 cm colonoscope for both examinations. In the 4th
part of the duodenum three irregular, nodular protrusions
of the mucosa measuring 0.5-1.5 cm in diameter were
observed. They were friable and slightly hemorrhagic.
At the proximal jejunum there was a larger hemorrhagic
polypoid mass about 2.5 cm in diameter (Figure 1).
Biopsies of these lesions revealed gatherings of poorlydifferentiated neoplastic cells invading the mucosal bed
and extending into the intestinal villi with sparing of the
superficial epithelium (Figure 2). Infiltration of the lymph
vessels was also noted (Figure 3). These findings were
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Figure 2 Gatherings of poorly-differentiated neoplastic cells invading the
mucosal bed, and extending into the intestinal villi (long arrow), with sparing of the
superficial epithelium (short arrow).

consistent with metastatic disease. Immunohistochemical
staining for keratins 8, 18, 19 and thyroid transcription
factor 1 (TTF 1) as well as histochemical staining for
periodic acid schiff (PAS) strongly supported the diagnosis
of poorly-differentiated metastatic adenocarcinoma of
the lung. Radiological examination of the small bowel was
not completed due to patient discomfort. The patient was
transfused with 3 units of packed erythrocytes and 3 units
of fresh frozen plasma.
Only four cycles of chemotherapy were carried out due
to deterioration of the patient. In addition, he received
4000 U of erythropoietin per week. Three months after
his last episode of melena the patient continued to have
occult upper gastrointestinal bleeding and was admitted on
several occasions for blood transfusion. The patient died
seven months after the diagnosis of end stage cancer of
the lung.

DISCUSSION
Small bowel metastases usually originate from primary
carcinomas of the gastrointestinal or genital organs, and
more specifically from the large bowel, uterus, cervix,
ovaries, and testes. Thoracic malignancies metastasize
less frequently to the small bowel. Apart from carcinoma
of the lung, these also include malignant melanoma,
carcinoma of the breast, carcinoma of the salivary glands,
carcinoma of the esophagus, and rhabdomyosarcoma of
the lung[1,8,9].
Our patient had histologically-proven small intestinal
lesions originating from primary lung adenocarcinoma. A
review of the literature revealed few studies of patients
with lung cancer and metastases to the small bowel. An
extensive eleven-year study of patients with primary lung
cancer revealed that at autopsy, 46 out of 431 patients
(10.6%) had secondary deposits in the small bowel [1].
These patients had an average of 4.8 metastatic sites.
A more recent study of patients with non-small cell
carcinoma of the lung revealed small bowel metastases
in 4.6% of cases[9]. It should be emphasized that all these
cases had adenocarcinomas, with a disease stage greater
than IIIA, as well as a minimum of two other metastatic
sites before the development of bowel metastases. Another
www.wjgnet.com
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large study involved 1399 patients with lung cancer who
underwent surgical resection of the primary tumor [2].
This study revealed a much smaller percentage (0.5%)
of symptomatic patients having small bowel metastases.
In direct contrast to the previous study, which concludes
that adenocarcinoma is the cell type resulting more
frequently in small bowel metastasis, this study concludes
that squamous cell carcinoma is the more frequent cause,
accounting for 61% of cases.
Patients with primary lung cancer with metastases
to the small bowel are usually asymptomatic [10,11]. Less
frequently these metastases can cause symptoms which
vary according to the way the metastatic tumor invades
the bowel wall. Rapid tumor growth leads to symptoms
of obstruction, although it seems that perforation occurs
more commonly probably due to central tumor necrosis.
Most cases of primary lung cancer and small bowel
metastasis present with small bowel perforation [3,4,10].
According to a recent study, 98 cases of perforated
lung cancer metastasis to the small intestine have been
described in the literature since 1960[3]. When ulceration
of the mucosa occurs the metastatic tumor may bleed,
whilst large extension of tumor may lead to symptoms of
malabsorption[1].
Hemorrhage from a metastatic tumor in the small
bowel is uncommon, explaining the absence of large
studies on this issue. A small number of isolated cases,
however, have been described. They describe patients over
the age of 55 years, with primary lung carcinoma of large
or small cell types, who have already developed distant
metastases, and these patients usually present with acute
hemorrhage from ulceration of the metastatic tumor,
and less frequently with iron deficiency anemia, or with
non-specific abdominal symptoms before the onset of
melena[12-15]. In one case report, the patient presented with
iron-deficiency anemia and melena, and the diagnosis of
primary lung cancer was made after surgical resection of
the intestinal metastasis, as no tumor evidence was found
on chest x-ray[2]. The presence of small bowel metastases
in this patient was confirmed by CT scanning, as upper
and lower gastrointestinal endoscopies were negative.
A very small number of cases of upper gastrointestinal
bleeding due to duodenal metastases from lung cancer
have been reported[5-7,12]. Small intestinal metastases have
been reported to occur more frequently in the jejunum and
terminal ileum than the duodenum[2,3,16]. As in our case,
metastatic lesions of the small bowel from lung carcinoma
are usually multiple[1,11].
Our patient is one of the very few cases described
where melena as the first manifestation of small
bowel metastasis, has arisen from the duodenum and
jejunum [5-7,12,16]. Also it is interesting to note that the
time interval was short between diagnosis of cancer and
metastasis to the small bowel, as the patient presented with
melena before the establishment of the diagnosis of lung
carcinoma and was still in a good general state of health.
The diagnosis of metastatic involvement of the small
bowel was suspected, but not confirmed at the beginning.
This emphasizes the importance of considering the
presence of small bowel metastases in a patient with lung
www.wjgnet.com
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cancer displaying symptoms of hemodynamic instability,
melena, or abdominal symptoms such as dyspepsia,
distention and pain, even if the time elapsed from the
time of diagnosis of cancer is short. It should be noted
that occult gastrointestinal bleeding must be suspected if
laboratory investigations reveal iron deficiency anemia, or a
fall in hematocrit or hemoglobin, even in an asymptomatic
patient.
Gastrointestinal hemorrhage can usually be managed
conservatively with intravenous fluids and red blood cell
transfusion until the patient is hemodynamically stable
and hemorrhage ceases. However, cases requiring surgical
resection of small bowel in order to control massive
hemorrhage have also been reported [12,16]. Only a few
patients have survived more than 9 mo after surgical
resection of intestinal metastases, with the exception
of one patient who survived 22 mo after peritonitis [2].
Perioperative mortality has decreased considerably, and
the question of whether surgery should be considered
as palliative therapy not only for symptomatic patients
remains to be solved. After hemorrhage from small bowel
metastases, patient survival varies between several weeks to
several months[6,13]. It seems that hemorrhage originating
from small bowel metastases, is related to a very poor
patient survival. The patient we presented, survived for
a considerably long time (7 mo after his first episode of
bleeding). During this period of time he continued to
have microscopic bleeding requiring occasional blood
transfusion. Active gastrointestinal bleeding from small
bowel metastases has never been described as the cause of
death in patients suffering from carcinoma of the lung.
I n c o n c l u s i o n , s m a l l b owe l m e t a s t a s e s f r o m
primary carcinoma of the lung occur usually in patients
with terminal disease and rarely produce symptoms.
Hemorrhage as a first presentation of small bowel
metastases is extremely rare, especially when these
are located in the duodenum, with a poor prognosis.
Gastrointestinal bleeding from metastatic small intestinal
lesions should be included in the differential diagnosis
of gastrointestinal blood loss in a patient with a known
bronchogenic tumor.
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Abstract
We report here a case of clinically significant liver toxicity
after a brief course of rosuvastatin, which is the first
statin approved by the regulatory authorities since the
withdrawal of cerivastatin. Whether rosuvastatin has a
greater potential compared with other statins to damage
the liver is unclear and the involved mechanisms are
also unknown. However, rosuvastatin is taken up by
hepatocytes more selectively and more efficiently than
other statins, and this may reasonably represent an
important variable to explain the hepatotoxic potential
of rosuvastatin. Our report supports the view that
a clinically significant risk of liver toxicity should be
considered even when rosuvastatin is given at the range
of doses used in common clinical practice.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver toxicity is a well recognized adverse effect of
treatment with statins[1]. However pre-marketing studies
have suggested that rosuvastatin may have a lesser potential
to cause liver toxicity as compared with other statins[2]. We
report here a case of clinically significant liver toxicity after
a brief course of rosuvastatin.

CASE REPORT
A 64-year-old man presented with a seven-days history
www.wjgnet.com

of malaise, anorexia, upper abdominal discomfort, and
jaundice. Four months earlier the patient had an acute
myocardial infarction that was treated with angioplasty and
stenting of a culprit lesion in the right coronary artery;
liver function tests were normal and he was discharged on
clopidogrel, aspirin, metoprolol, ramipril, and atorvastatin
(40 mg daily). One week later, rosuvastatin (10 mg daily)
was prescribed instead of atorvastatin as the patient
reported an itching skin rash that developed soon after he
took the second tablet of atorvastatin; at that time serum
levels of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were 55 U/L and 45 U/L (normal
range 10-36 U/L for both), respectively, with bilirubin,
γ-glutamyltransferase (γ-GT), and alkaline phosphatase
(AP) within the normal limits.
At the present admission, he was fully alert and
oriented, apyrexial, with mild cutaneous and scleral
jaundice, and no flapping tremor or stigmata of chronic
liver disease; the remaining physical examination was
normal. A laboratory work-up revealed AST 880 U/L,
ALT 775 U/L, total bilirubin 2.6 mg/dL (normal range
0.2-1) with conjugated bilirubin 0.8 mg/dL; γ-GT, AP,
ammonia, α-fetoprotein, electrolytes, hematologic and
coagulation parameters, and renal function tests were
normal. Serological screening for viral hepatitis (hepatitis
A, B, C, E and G virus; cytomegalovirus; herpes simplex;
and Epstein–Barr virus) was negative and HBV-DNA
and HCV-RNA were not detected in the peripheral
blood. Search for autoimmune liver disorders (antinuclear
a n t i b o d i e s, a n t i - s m o o t h - mu s c l e a n t i b o d i e s, a n d
antimitochondrial antibodies) was also negative as were
results of iron, copper, ceruloplasmin metabolism and α1antitrypsin concentrations.
Ultrasonography and contrast-enhanced computed
tomography (CT) showed a normal liver and no expanded
bile ducts or gallbladder abnormalities; there was no caval
or portal thrombosis and no peri-hepatic or perisplenic
intraperitoneal fluid. Echocardiography was also normal
with no evidence of valvular disease, pericardial effusion,
pulmonary hypertension, or left ventricular systolic or
diastolic dysfunction.
The patient had an otherwise unremarkable medical
record with no previous history of acute or chronic liver
disease. He also denied toxic and alcoholic habits or
using any other medications, including over-the-counter
medications, or herbal remedies.
Rosuvastatin was withdrawn and AST and ALT levels
fell to 216 U/L and 198 U/L, respectively, and bilirubin
to 1.8 mg/dL on the 3rd day; ammonia and coagulation
parameters remained within the normal range. Over the
subsequent course symptoms gradually resolved, which
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DISCUSSION
Until today the incidence of elevated serum liver enzymes
among patients on treatment with statins generally ranges
from 2% to 3%[1] while pre-marketing studies have shown
a 20 to 30-fold lower incidence if rosuvastatin is used[2].
We report here a case of clinically significant liver toxicity
after a brief course of rosuvastatin, which is the first statin
approved by the regulatory authorities since the withdrawal
of cerivastatin. According to the Naranjo probability scale
our patient had a highly probable rosuvastatin-related
adverse event [3]; furthermore, liver function tests were
normal before statin treatment was started and we did not
find any other plausible alternative cause to explain the
onset of such a severe hepatitis in this case. As a matter of
fact, we identified a clear temporal relationship between
initiation of rosuvastatin therapy and the elevation of
liver enzymes and the patient rapidly achieved a complete
clinical and biochemical recovery after rosuvastatin was
interrupted.
The episode of urticaria accompanied by a modest
increase of liver enzymes after the patient was given
atorvastatin, which was his first exposure to a statin, raises
the view of an idiosyncratic or hypersensitivity crossreaction between atorvastatin and rosuvastatin as an
underlying mechanism of the liver injury that occurred
during treatment with rosuvastatin. Even though the
true correlation remains to be understood, we might
reasonably conceive that allergic cross-reactions between
the two statins might have contributed, at least to a certain
extent, to the onset of severe liver damage in this case.
Our patient had normal eosinophil count and remained
apyrexial throughout the entire course. However all these
features along with the absence of lymphadenopathy and
the negative search for antinuclear and anti-smooth-muscle
antibodies do not substantially argue against an allergic or
immune-mediate mechanism of liver injury.
The patient was also receiving other medications
in combination with rosuvastatin, but this is not a true
confounding factor in our opinion. Our Medline search
yielded only a few anecdotal reports of hepatitis associated
with the use of clopidogrel or ramipril[4-7] and none of
liver toxicity linked with metoprolol. In addition, aspirinrelated hepatitis has been described, but this is a doserelated phenomenon caused by the intrinsic salicylate
hepatotoxicity which generally does occur only when
aspirin is given in full anti-inflammatory doses and not
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was paralleled by declining levels of liver enzymes and
bilirubin; at no time were flapping tremor or other signs or
symptoms of liver failure or encephalopathy observed and
the patient was discharged on the 6th day with instructions
for close follow-up as an outpatient. At that time, AST
and ALT were 40 U/L and 32 U/L, respectively; bilirubin,
ammonia, and coagulation parameters were normal. The
patient refused a liver biopsy and a re-challenge test with
rosuvastatin was not done for ethical reasons. At a followup visit two weeks later, he was doing well with normal
liver function tests and a normal coagulation profile.
The clinical and biochemical course of this patient is
summarized in Figure 1.
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Figure 1 Course of liver enzymes and exposure to statins and other medications.

with the 75-300 mg used for anti-platelet indications[8].
One important point is that rosuvastatin is neither an
inhibitor nor an inducer of cytochrome P450 isoenzymes
and rosuvastatin itself is a poor substrate for these
isoenzymes. It suggests that fewer drug interactions
resulting from cytochrome P450-mediated metabolism
should be expected with rosuvastatin compared with other
statins[9,10]. There is no available evidence of any clinically
significant pharmacokinetic interactions in subjects taking
concomitant rosuvastatin and clopidogrel, ramipril,
metoprolol, or aspirin.
Whether rosuvastatin has a greater potential compared
with other statins to damage the liver is unclear and the
involved mechanisms are also unknown. Results from
a recent meta-analysis demonstrate that treatment with
statins as a class is not associated with a significant
risk of liver dysfunction and hepatitis, but studies with
rosuvastatin were not included in this meta-analysis[1]. In
contrast, a post-marketing analysis has shown that use of
rosuvastatin, at least over its first year of marketing, was
significantly more likely than atorvastatin, pravastatin, and
simvastatin to be associated with a composite end point
of adverse events including rhabdomyolysis, proteinuria,
nephropathy, and renal failure, and there was also a
significant trend in favor of an increased liver toxicity
with rosuvastatin compared with the other statins even
though this was not targeted as the primary end point
of the study [11]. Furthermore, rosuvastatin is taken up
by hepatocytes more selectively and more efficiently
than other statins, and this may reasonably represent
an important variable associated with the hepatotoxic
potential of rosuvastatin[12].
Our re por t suppor ts the view that a clinically
significant risk of liver toxicity should be considered even
when rosuvastatin is given at the range of doses used in
common clinical practice.
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small bowel in a noninvasive manner and has become the
gold standard in evaluating suspected disease of the small
bowel[1-4]. Capsule retention remains a major concern for
physicians performing capsule endoscopy, since it can lead
to a need for surgery to remove the capsule in a patient
who otherwise might have been treated medically for the
same illness. Nevertheless, it has been postulated that
capsule endoscopy in certain patients with suspected small
bowel obstruction, contributes to patient management by
clearly identifying the site of obstruction and can be used
to guide surgical intervention[5-7].

CASE REPORT
Abstract
Capsule endoscopy is an easy and painless procedure
permitting visualization of the entire small-bowel during
its normal peristalsis. However, important problems
exist concerning capsule retention in patients at risk of
small bowel obstruction. The present report describes
a young patient who had recurrent episodes of overt
gastrointestinal bleeding of obscure origin, 18 years
after small bowel resection in infancy for ileal atresia.
Capsule endoscopy was performed, resulting in capsule
retention in the distal small bowel. However, this event
contributed to patient management by clearly identifying
the site of obstruction and can be used to guide surgical
intervention, where an anastomotic ulcer is identified.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Capsule endoscopy allows direct visualization of the entire

A 22-year old patient was admitted to our hospital for
evaluation of recurrent episodes of overt gastrointestinal
(GI) bleeding of obscure origin. The patient presented
at birth with ileal atresia and underwent partial small
bowel resection (excision of 30 cm of ileal loop sparing
ileocaecal valve). He was reoperated three times during
the first years of his life, initially due to anastomotic leak
and subsequently twice for postoperative repair of fistulae.
Since then, the patient had remained free of symptoms and
developed normally. At the age of 18 years (in 2001), he
had a severe episode of overt GI bleeding requiring blood
transfusion, and two new bleeding episodes during the
next two years. Upper and lower GI endoscopy, computed
tomography of the abdomen, Meckel scintigraphy and
enteroclysis, revealed no remarkable findings. In 2004 he
had symptoms of incomplete intestinal obstruction, which
resolved after conservative treatment. A new episode
of GI bleeding with negative GI endoscopy requiring
transfusion a few days before admission was the reason
for referral to our unit, in order to carry out capsule
endoscopy.
Because of his medical history, a patent capsule (Given
Imaging Ltd., Yoqneam, Israel) was given prior to Pillcam
SB, in order to avoid capsule retention. The patent capsule
was impacted in the distal small bowel, causing temporary
abdominal pain, which was confirmed by two abdominal
X-rays on the second and forth day, as the patent capsule
was detected at the lower abdomen to the middle line.
On the sixth day, a new abdominal X-ray showed that the
patent capsule was dissolved. Considering that the patent
capsule stopped in a stenotic lesion, probably on the level
of entero-enteric ileal anastomosis, surgical management
www.wjgnet.com
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Figure 1 PillCam SB enteroscopy
showing the point of capsule
retention (Bezoar).

Figure 2 Plain abdominal film on the fifth
day after capsule ingestion.

was decided. After discussion with the surgeons and based
on data supporting that capsule endoscopy in patients
with suspected small bowel obstruction can guide surgical
intervention by identifying the site of obstruction [5],
capsule endoscopy was carried out after a written consent
was obtained from the patient. Four sachets of PEG
preparation were given the day before capsule endoscopy
procedure was performed.
The capsule passed through the stomach, duodenum
and jejunum in 2 h and 30 min, with no evidence of
disease and remained impacted in an ileal loop, where a
food bezoar was observed (Figure 1). Abdominal X-rays
after 24 h and on the fifth day confirmed capsule retention
(Figure 2). The patient was operated on the sixth day.
Loose adhesions were identified and resected. The capsule
was palpated 50 cm proximal to the ileocaecal valve, on the
level of the entero-enteric anastomosis and an anastomotic
u l c e r c a u s i n g s t e n o s i s wa s f o u n d a f t e r i n c i s i o n .
Intraoperative enteroscopy through the incision point was
performed in order to examine the ileal segment from the
stenosis to the ileocaecal valve that was found normal. The
lesion was resected (Figure 3) and histology demonstrated
focal ulceration with chronic inflammation, but no
evidence of granulomata, crypt abscesses or malignancy.
The patient was discharged on the fifth postoperative day
and remained asymptomatic 12 mo post-surgery.

Figure 3 Surgical specimen
with ulceration and retained
PillCam SB capsule.

DISCUSSION
Atresia and stenosis are common birth defects affecting
the small intestine, but few population-based studies have
examined the epidemiology of small intestinal atresia and
stenosis. It was reported that the rate of small intestinal
atresia and stenosis is 2.9 per 10 000 live births (I 95% CI =
2.3-3.6)[8]. Current operative techniques and contemporary
neonatal critical care result in a 5% morbidity and mortality
rate, with late complications not uncommon[9]. Proteinlosing enteropathy and gastrointestinal bleeding due to
anastomotic ulcer after 4-12 years have been reported[10].
Actually, gastrointestinal bleeding occurred in our patient
due to anastomotic ulcer 18 years after small bowel
resection. For these reasons, follow-up of these patients in
their adulthood is recommended and physicians must be
aware to identify and address these late occurrences[9].
Capsule endoscopy is currently the preferred test
for mucosal imaging of the entire small intestine [4] .
When integrated into a global approach to the patient,
capsule endoscopy can achieve effective decision-making,
www.wjgnet.com

concerning subsequent investigations and treatments.
Capsule retention remains the major concer n for
physicians performing capsule endoscopy, since retention
could lead to a need for an otherwise unnecessary surgery
to remove the capsule. As there is no accepted imaging
method for completely avoiding capsule retention, it is
clear that obtaining a good medical history is the best
single method[11].
Our patient had two risk factors for capsule retention:
a history of previous small-bowel resection and a distant
history of partial small-bowel obstruction. For these
reasons, a patent capsule was given initially to the patient.
The retention of patent capsule in the small intestine,
confirmed our suspicions. Nevertheless, Cheifetz et al[5]
showed that capsule retention in the small intestine could
help a pre-decided operation by guiding the surgeons to
clearly indentify the site of obstruction in patients with
suspected small-bowel obstruction. Even though capsule
endoscopy did not help us to diagnose a definite lesion,
as we did not take clear images of the site of capsule
retention, palpation of the capsule by the surgeons during
operation, could lead them directly to the site of stenosis.
In conclusion, capsule retention is not always an
adverse event, as in certain patients with suspected small
bowel obstruction, the retained capsule can be used as a
“guiding point” for a pre-decided surgical intervention.
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Abstract
Classical interferon-alpha has been shown to be
correlated with the development of a variety of
autoimmune disorders. A 38 year-old female patient
developed simultaneously diabetic ketoacidosis and
hyperthyroidism 5 mo following initiation of treatment
with pegylated interferon-α and ribavirin for chronic
hepatitis C. High titers of glutamic acid decarboxylase,
antinuclear and thyroid (thyroid peroxidase and
thyroglobulin) antibodies were detected. Antiviral
treatment was withdrawn and the patient was treated
with insulin for insulin-dependent diabetes mellitus and
propranolol for hyperthyroidism. Twelve months after
cessation of pegylated interferon-α therapy the patient
was euthyroid without any medication but remained
insulin-dependent.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Interferon-alpha (IFN- α ), a natural protein with antiviral, anti-proliferative and immunomodulatory effects
www.wjgnet.com

is routinely administered in chronic hepatitis C (CHC).
Classical IFN-α has been correlated with the development
of a variety of autoimmune disorders including Hashimoto
thyroiditis, immune-mediated thrombocytopenia, hemolytic
anemia, psoriasis, rheumatoid arthritis, systemic lupus-like
syndromes, primary biliary cirrhosis and sarcoidosis. The
reported cumulative incidence of all autoimmune disorders
ranged from 1% to 3%[1,2].
Clinical thyroid disease has been reported to develop
in 10%-15% of patients treated with IFN-α for CHC[3,4].
However, it was not established whether IFN-α treatment
is associated with the development of insulin dependent
diabetes mellitus (IDDM). The prevalence of diabetes
mellitus development in patients receiving classical IFN-α
for CHC is very low ranging from 0.08% to 0.7%[1,2]. The
prevalence of pancreatic auto-antibodies appeared to rise
from 3% to 7% prior to and following initiation of IFN-α
treatment, respectively, in a review of 9 relative studies by
Fabris et al[5]. In those studies different types of IFN-α and
variable schedules were used.
Pegylated IFN-α has been recently approved for the
treatment of CHC and has been associated with only a few
cases of autoimmune thyroiditis[6]. We herein describe the
simultaneous development of diabetic ketoacidosis and
Hashitoxicosis in a patient treated with pegylated IFN-α
for CHC.

CASE REPORT
A 38-year-old female patient presented with a two fold
increase of aminotransferases and positive hepatitis C
virus (HCV) antibodies. HCV RNA was high (> 1 000 000
copies/mL, genotype 1b) and liver histology revealed
an activity grade of 4/18 and a fibrosis score of 3/6
according to Ishak’s modified HAI classification system[7].
Treatment with pegylated IFN- α -2 α 180 μ g/wk, in
combination with oral ribavirin 1000 mg/d was initiated in
February 2004. During treatment alanine aminotransferase
(ALT) flares did not occur. Virological response (negative
HCV RNA) was achieved at the fourth week of treatment.
In July 2004 the patient developed weakness and rapid
weight loss up to 12 kg within 2 wk. Thyroid function
tests revealed hyperthyroidism of autoimmune etiology,
i.e. thyroid stimulating hormone (TSH): 0.008 μIU/mL
(normal values: 0.15-6.1), free triiodothyronine (FT3): 6.90
pg/mL (normal values: 2.03-4.6), free thyroxine (FT4): 1.8
ng/dL (normal values: 0.9-1.7), positive thyroid peroxidase
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(anti-TPO > 1300 IU/mL, normal values < 2 IU/mL),
thyroglobulin (anti-Tg 18.6 IU/mL, normal values <
2 IU/mL) and thyroid stimulating immunoglobulin
antibodies (TSI 96%, nor mal values: 0.02%-15%).
Propranolol was administered. A few days later the patient
was admitted with clinical and laboratory features indicating
diabetic ketoacidosis (blood glucose: 470 mg/dl, pH: 7.08,
HCO3: 5 mmol/L). The antiviral treatment was withdrawn.
Her clinical condition was improved with i.v. fluids and insulin
therapy. Following normalization of the acute metabolic
profile, intensive insulin therapy was recommended. The
patient had no family history of diabetes mellitus. The
HLA class Ⅱ typing revealed a genetic predisposition to
IDDM as demonstrated by the presence of type 1 diabetes
associated DRB1*03 (A*01, A*02/B*08, B*35/Cw*04,
Cw*07, DRB1*03, DRB1*03/DQB1*02) haplotype
(Diabetes, Pathogenesis of type 1A Diabetes In: http://
www-endotext.com). Glutamic acid decarboxylase (GAD)
antibodies were strongly elevated (725.52 RU/units)
whereas insulin autoantibodies (IA-2) were undetectable
at the onset of IDDM (< 5.3 RU/units). Additional
immunological profile showed positive antinuclear
antibodies (> 1:640). All the other auto-antibodies
including anti-smooth muscle, anti-dsDNA, anti-ENA,
anti-RNP, anti-SSA, anti-SSB, p-ANCA, c-ANCA, anti-MPO,
anti-PR3, anti-LF, anti-mitochondrial were negative. The
value of plasma C peptide with test glucagon was 0.61 ng/mL
and 0.76 ng/mL at 0 and 6 min, respectively (normal
values: 0.5-3.2 ng/mL), indicating an insulin secretion
deficiency.
Twelve months after cessation of pegylated IFN-α and
ribavirin therapy, the patient remained insulin dependent
with a daily requirement of insulin 35 units (C-peptide
levels remained low), but no medication was required for
the thyroid. Last thyroid evaluation revealed a reversible
condition with a decrease in the anti-TPO titers (109.5
IU/mL) and normal TSH. HCV RNA in serum was
undetectable.

DISCUSSION
Classical IFN- α has been reported to induce insulin
resistance[8-11] although there are also reports suggesting a
beneficial effect on glucose metabolism[12-14]. However, the
potential of classical IFN-α to induce IDDM has not been
well established.
There have been a variety of mechanisms that may
account for the effect of IFN-α on pancreatic beta cell
dysfunction in patients with CHC. First, it has been
reported that viral dsRNA activates the toll-like receptor-3
and the nuclear factor NFnB to induce pancreatic beta
cell apoptosis and also the production of IFN-α, which
is directly cytotoxic to beta cells of the pancreas. Second,
IFN- α activates the oligoadenylate synthase-RnaseL
pathway and the protein kinase R pathway thus inducing
apoptosis of pancreatic beta cells[15]. Third, IFN-α may
stimulate a counter regulatory hormone secretion (growth
hormone, glucagon, etc.), thus resulting in impaired
glucose tolerance[8]. Regarding IDDM, IFN-α may favour
the development of Th1 immune reaction and thereby
contribute to the development of autoimmune disease by

1293

the activation of CD4 lymphocytes secreting interleukin
IL-2, IFN-gamma, and tumor necrosis factor[15]. IFN-α
expression has also been associated with over-expression
of MHC class Ⅰ antigens in human islets of pancreas[16].
Thirty five cases of IFN-α related IDDM had been
reported[17-20] up to 2005. In 2003 Fabris et al[5] reviewed
31 cases of classical IFN- α related IDDM. A family
histor y of IDDM was present in 3 cases and HLA
haplotypes conferring susceptibility to IDDM were
present in 89% of the reviewed cases. A time-period of
10 d to 4 years elapsed between the onset of treatment
and the clinical development of IDDM. Fifty percent
of the patients were positive for at least one pancreatic
autoantibody before therapy. The rate increased to 77%
during IFN- α treatment whereas 5 patients initially
negative for pancreatic autoimmunity were seroconverted
during therapy. Clinical manifestations included polyuria,
polydipsia and weight loss in the vast majority of patients.
Permanent insulin administration was required in 75% of
the cases[5].
To date, the development of IDDM during pegylated
IFN-α and ribavirin therapy for CHC was documented
in only two cases in the English literature[21,22]. In the case
reported by Jabr et al[21], pegylated IFN-α and ribavirin
were administered in a patient with CHC and human
immunodeficiency virus infection. Seven months following
initiation of treatment, polyuria, generalized weakness,
increased thirst and loss of appetite were manifested.
Hyperosmolarity and ketoacidosis eventually developed.
The patient required permanent insulin therapy thereafter.
Pancreatic autoimmunity markers were not assessed. In the
case presented by Cozzolongoa et al[22], IDDM developed
following a 3-mo treatment with pegylated IFN- α -2b
and ribavirin for CHC. An increase in the titers of isletcell and glutamic acid decarboxylase antibodies before the
start of therapy and 2 mo after the diagnosis of diabetes
mellitus was documented. HLA class Ⅱ typing showed a
predisposition to IDDM. The patient eventually required
permanent insulin therapy.
Diabetic ketoacidosis was reported in a few classical
IFN-α related cases[23-26], in one pegylated IFN-α related
case[21] and the case herein described. The development of
diabetic ketoacidosis and the permanent insulin dependency
thereafter indicated a severe metabolic disturbance, which
may be attributed to a rapidly developing Th1-mediated
pathogenic reaction[23].
Co-existence of positive thyroid and pancreatic
autoimmunity markers was documented in a few cases
in the literature [23,27-29]. In the case presented by Bosi
et al[23], clinical features of autoimmune hyperthyroidism
and IDDM coexisted. In the current case the multiple
autoimmune manifestations, ie. IDDM and Hashitoxicosis
with highly elevated GAD and anti-TPO antibodies and
additional autoimmunity markers, illustrated a vigorous
triggering of the immune system by pegylated IFN-α in a
genetically predisposed individual.
Gogas et al[30] have suggested a predictive model to
identify patients with a predisposition to autoimmunity
disease before the start of IFN-α therapy for melanoma.
Prospective identification of the individual benefit/risk
ratio would facilitate personalized treatment strategies
www.wjgnet.com
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when IFN-α treatment is planned.
In conclusion, it seems that peg ylated IFN- α
shares common features with classical IFN-α as far as
autoimmunity is concerned. A high clinical awareness is
recommended in patients with known genetic susceptibility
or positive autoimmunity markers prior to or during
IFN-α therapy.

15
16
17

REFERENCES
1

2
3

4

5

6

7

8
9
10

11
12

13

14

Okanoue T, Sakamoto S, Itoh Y, Minami M, Yasui K,
Sakamoto M, Nishioji K, Katagishi T, Nakagawa Y, Tada H,
Sawa Y, Mizuno M, Kagawa K, Kashima K. Side effects of
high-dose interferon therapy for chronic hepatitis C. J Hepatol
1996; 25: 283-291
Fattovich G, Giustina G, Favarato S, Ruol A. A survey of
adverse events in 11,241 patients with chronic viral hepatitis
treated with alfa interferon. J Hepatol 1996; 24: 38-47
Deutsch M, Dourakis S, Manesis EK, Gioustozi A, Hess G,
Horsch A, Hadziyannis S. Thyroid abnormalities in chronic
viral hepatitis and their relationship to interferon alfa therapy.
Hepatology 1997; 26: 206-210
Mandac JC, Chaudhry S, Sherman KE, Tomer Y. The clinical
and physiological spectrum of interferon-alpha induced
thyroiditis: toward a new classification. Hepatology 2006; 43:
661-672
Fabris P, Floreani A, Tositti G, Vergani D, De Lalla F, Betterle
C. Type 1 diabetes mellitus in patients with chronic hepatitis
C before and after interferon therapy. Aliment Pharmacol Ther
2003; 18: 549-558
Maede Y, Morishita K, Iwamura K, Takayama Y, Tsukada Y,
Kishino M, Shimizu T, Matsushima S, Komatsu T, Kasagi Y.
Chronic hepatitis C with early complication of Grave's disease
during the treatment of pegylated interferon alpha-2a. Nihon
Naika Gakkai Zasshi 2005; 94: 2600-2602
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat
F, Denk H, Desmet V, Korb G, MacSween RN. Histological
grading and staging of chronic hepatitis. J Hepatol 1995; 22:
696-699
Koivisto VA, Pelkonen R, Cantell K. Effect of interferon on
glucose tolerance and insulin sensitivity. Diabetes 1989; 38:
641-647
Ishigami Y, Kanda T, Wada M, Shimizu Y. Glucose intolerance
during interferon therapy in patients with chronic hepatitis
type C. Nihon Rinsho 1994; 52: 1901-1904
Imano E, Kanda T, Ishigami Y, Kubota M, Ikeda M, Matsuhisa
M, Kawamori R, Yamasaki Y. Interferon induces insulin
resistance in patients with chronic active hepatitis C. J Hepatol
1998; 28: 189-193
Chatterjee S. Massive increase of insulin resistance in a patient
with chronic hepatitis C after treatment with interferon. J Assoc
Physicians India 2004; 52: 514
Ito Y, Takeda N, Ishimori M, Akai A, Miura K, Yasuda K.
Effects of long-term interferon-alpha treatment on glucose
tolerance in patients with chronic hepatitis C. J Hepatol 1999;
31: 215-220
Konrad T, Zeuzem S, Vicini P, Toffolo G, Briem D, Lormann
J, Herrmann G, Berger A, Kusterer K, Teuber G, Cobelli C,
Usadel KH. Evaluation of factors controlling glucose tolerance
in patients with HCV infection before and after 4 months
therapy with interferon-alpha. Eur J Clin Invest 2000; 30:
111-121
Tai TY, Lu JY, Chen CL, Lai MY, Chen PJ, Kao JH, Lee CZ,

18

19

20

21
22

23
24
25

26

27

28

29

30

February 28, 2007

Volume 13

Number 8

Lee HS, Chuang LM, Jeng YM. Interferon-alpha reduces
insulin resistance and beta-cell secretion in responders among
patients with chronic hepatitis B and C. J Endocrinol 2003; 178:
457-465
Devendra D, Eisenbarth GS. Interferon alpha--a potential
link in the pathogenesis of viral-induced type 1 diabetes and
autoimmunity. Clin Immunol 2004; 111: 225-233
Foulis AK. Interferon-alpha and IDDM: comment. Diabetologia
1996; 39: 127
Sasso FC, Carbonara O, Di Micco P, Coppola L, Torella R,
Niglio A. A case of autoimmune polyglandular syndrome
developed after interferon-alpha therapy. Br J Clin Pharmacol
2003; 56: 238-239
Christensen UB, Krogsgaard K. Onset of type 1 diabetes
mellitus during combination therapy of chronic hepatitis C
with interferon-alpha and ribavirin. Ugeskr Laeger 2004; 166:
1024-1025
Schories M, Peters T, Rasenack J, Reincke M. Autoantibodies
against islet cell antigens and type 1 diabetes after treatment
with interferon-alpha. Dtsch Med Wochenschr 2004; 129:
1120-1124
Radhakrishnan S, Upadhyay A, Mohan N, Dhar A, Walia
HK, Zubaidi G. Late development of diabetes mellitus after
interferon-alfa and ribavirin therapy for chronic hepatitis C: a
case report. Med Princ Pract 2005; 14: 281-283
Jabr FI, Ordinario MM. Sudden onset of diabetic ketoacidosis
during pegylated interferon alfa therapy. Am J Med 2003; 115:
158-159
Cozzolongo R, Betterle C, Fabris P, Paola Albergoni M,
Lanzilotta E, Manghisi OG. Onset of type 1 diabetes mellitus
during peginterferon alpha-2b plus ribavirin treatment for
chronic hepatitis C. Eur J Gastroenterol Hepatol 2006; 18: 689-692
Bosi E, Minelli R, Bazzigaluppi E, Salvi M. Fulminant
autoimmune Type 1 diabetes during interferon-alpha therapy:
a case of Th1-mediated disease? Diabet Med 2001; 18: 329-332
Bhatti A, McGarrity TJ, Gabbay R. Diabetic ketoacidosis
induced by alpha interferon and ribavirin treatment in a
patient with hepatitis C. Am J Gastroenterol 2001; 96: 604-605
Recasens M, Aguilera E, Ampurdanés S, Sánchez Tapias JM,
Simó O, Casamitjana R, Conget I. Abrupt onset of diabetes
during interferon-alpha therapy in patients with chronic
hepatitis C. Diabet Med 2001; 18: 764-767
Mofredj A, Howaizi M, Grasset D, Licht H, Loison S, Devergie
B, Demontis R, Cadranel JF. Diabetes mellitus during
interferon therapy for chronic viral hepatitis. Dig Dis Sci 2002;
47: 1649-1654
Fabris P, Betterle C, Floreani A, Greggio NA, de Lazzari F,
Naccarato R, Chiaramonte M. Development of type 1 diabetes
mellitus during interferon alfa therapy for chronic HCV
hepatitis. Lancet 1992; 340: 548
Fabris P, Betterle C, Greggio NA, Zanchetta R, Bosi E, Biasin
MR, de Lalla F. Insulin-dependent diabetes mellitus during
alpha-interferon therapy for chronic viral hepatitis. J Hepatol
1998; 28: 514-517
Seifarth C, Benninger J, Böhm BO, Wiest-Ladenburger U,
Hahn EG, Hensen J. Augmentation of the immune response
to islet cell antigens with development of diabetes mellitus
caused by interferon-alpha therapy in chronic hepatitis C. Z
Gastroenterol 1999; 37: 235-239
Gogas H, Ioannovich J, Dafni U, Stavropoulou-Giokas
C, Frangia K, Tsoutsos D, Panagiotou P, Polyzos A,
Papadopoulos O, Stratigos A, Markopoulos C, Bafaloukos
D, Pectasides D, Fountzilas G, Kirkwood JM. Prognostic
significance of autoimmunity during treatment of melanoma
with interferon. N Engl J Med 2006; 354: 709-718
S- Editor Liu Y L- Editor Zhu LH E- Editor Lu W

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 February 28; 13(8): 1295-1298
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CASE REPORT

Gallstone ileus: Report of two cases and review of the literature
Jen-Wei Chou, Chang-Hu Hsu, Kuan-Fu Liao, Hsueh-Chou Lai, Ken-Sheng Cheng, Cheng-Yuan Peng,
Mei-Due Yang, Yung-Fang Chen
Jen-Wei Chou, Chang-Hu Hsu, Kuan-Fu Liao, HsuehChou Lai, Ken-Sheng Cheng, Cheng-Yuan Peng, Division
of Gastroenterology, Department of Internal Medicine, China
Medical University Hospital, Taichung 40447, Taiwan, China
Mei-Due Yang, Department of Surgery, China Medical University
Hospital, Taichung 40447, Taiwan, China
Yung-Fang Chen, Department of Radiology, China Medical
University Hospital, Taichung 40447, Taiwan, China
Correspondence to: Dr. Hsueh-Chou Lai, MD, Division of
Gastroenterology, Department of Internal Medicine, China
Medical University Hospital, No.2, Yuh-Der Road, North District,
Taichung 40447, Taiwan,
China. adenocarcinomalai@yahoo.com.tw
Telephone: +886-4-22052121-2220 Fax: +886-4-22023119
Received: 2006-11-08
Accepted: 2007-02-12

Abstract
Gallstone ileus is a rare disease and accounts for 1%-4%
of all cases of mechanical intestinal obstruction. It
usually occurs in the elderly with a female predominance
and may result in a high mortality rate. Its diagnosis is
difficult and early diagnosis could reduce the mortality.
Surgery remains the mainstay of treatment. We report
two cases of gallstone ileus. The first was a 78-year
old woman who had a 2-d history of vomiting and
epigastralgia. Plain abdominal film suggested small bowel
obstruction clinically attributed to adhesions. Later on,
gallstone ileus was diagnosed by abdominal computed
tomography (CT) based on the presence of pneumobilia,
bowel obstruction, and an ectopic stone within the
jejunum. She underwent emergent laparotomy with a
one-stage procedure of enterolithotomy, cholecystectomy
and fistula repair. The second case was a 76-year old
man with a 1-wk history of epigastralgia. Plain abdominal
film showed two round calcified stones in the right upper
quadrant. Fistulography confirmed the presence of a
cholecystoduodenal fistula and gallstone ileus was also
diagnosed by abdominal CT. We attempted to remove
the stones endoscopically, but failed leading to an
emergent laparotomy and the same one-stage procedure
as for the first case. The postoperative courses of the
two cases were uneventful. Inspired by these 2 cases
we reviewed the literature on the cause, diagnosis and
treatment of gallstone ileus.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
T h e c a u s e o f m e ch a n i c a l s m a l l b owe l i n t e s t i n a l
obstruction includes gallstones, foreign bodies, bezoars,
tumors, adhesions, congenital abnormity, intussusceptions,
and volvulus[1]. Among these causes, a gallstone-induced
intestinal obstruction is also referred to as a “gallstone
ileus”. Gallstone ileus is a rare and potentially serious
complication of cholelithiasis[2]. It accounts for 1%-4%
of all cases of mechanical intestinal obstruction, but for
up to 25% of those in patients over 65 years of age with
a female to male ratio of 3.5-6.0:1[3-6]. The morbidity and
mortality rate of gallstone ileus remain very high, partly
because of misdiagnosis and delayed diagnosis[7]. Thus,
early diagnosis and prompt treatment could reduce the
mortality rate. Here, we report two cases of gallstone ileus
and review the literature of this rare disease.

CASE REPORTS
Case 1
A 78-year old woman presented to our emergency
department (ED) with a 2-d history of vomiting and
epigastric pain. She had a past medical histor y of
hypertension and underwent a hystectomy for a myoma
at the age of 38. On physical examination, her abdomen
was mildly distended without tenderness or rebound or
Murphy’s sign. The white blood count was 16 630/ μL
with 87.6% neutrophils, blood urea nitrogen 67 mg/dL,
2.3 mg/dL creatinine 2.3 mg/dL and k 2.7 mmol/L.
The other tests were unremarkable. A plain abdominal
film demonstrated mildly dilated bowel loops, but a
vague stone was not identified in the left iliac fossa
(Figure 1). The diagnostic impression was ileus due
to adhesions. Abdominal ultrasound (US) disclosed a
shrunken gallbladder with internal air, but without stones.
An abdominal computed tomography was performed,
demonstrating air in the biliary tree (Figure 2A). Moreover,
www.wjgnet.com
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Figure 1 Plain abdominal film showing
a vague stone not identified in the left
iliac fossa (arrow).
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Figure 2 Abdominal computed tomography scan showing air in the biliary
tree (arrow) (A) and an ectopic stone (arrow) impacting the jejunal lumen
accompanying dilatation of proximal small bowel loops (white arrow) (B).
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Figure 3 Plain abdominal film showing
two round calcified stones in the right
upper quadrant of abdomen (arrow).

B

Figure 4 Abdominal computed tomography scan showing two round calcified
stones impacting the proximal third portion of the duodenum (arrowhead) (A) and
a thickened wall gallbladder with internal air and small calcified content (arrow) (B).

an ectopic stone impacted in the jejunal lumen was seen
in the left lower quadrant along with dilatation of the
proximal small bowel (Figure 2B). The diagnosis of
gallstone ileus was made and she underwent an emergent
laparotomy. At operation a small shrunken gallbladder
with dense adhesion to the stomach was found. After lysis
of adhesion, a fistula between the gallbladder dome and
the lesser curvature of gastric antrum was confirmed.
Moreover, a stone was palpated in the jejunum about
140 cm distal to the ligament of Treitz causing total
obstruction of the lumen. When the jejunum was opened,
the stone was laminated and cylinder shaped, measuring
3 cm × 3 cm × 2 cm in diameter. Enterolithotomy,
cholecystectomy and repair of the cholecystogastric
fistula were performed. The pathology showed chronic
cholecystitis and a fistula walled by granulation tissue.
The postoperative course was uneventful except for mild
wound infection, and she remained in good health after
one-year follow-up.
Case 2
A 76-year old man was brought to our ED because of
epigastric pain for one week. He denied any history
of abdominal surgery or biliary disease. On physical
examination his abdomen was soft, but tender in the
epigastric area. Laboratory tests were unremarkable.
Abdominal X-ray showed two round calcified stones in
the right upper quadrant of the abdomen (Figure 3). An
EGD disclosed a deep hole in the posterior wall of the
duodenal bulb, but no stone was identified. Fistulography
confirmed the presence of a cholecystoduodenal fistula.
www.wjgnet.com

An abdominal CT was performed, showing two round
calcified stones located in the proximal third portion
of the duodenum causing dilatation of proximal bowel
lumen (Figure 4A). There was a thickened wall gallbladder
with internal gas and small calcified content was also
discovered (Figure 4B). Duodenoscopy was performed
again, showing two stones impacted in the proximal third
portion of the duodenum. We attempted to catch the
stones with a Dormia basket, but failed because of their
larger size. Therefore, he was referred to our department
of surgery for emergent laparotomy. Laparotomy displayed
that the gallbladder was adhered to the duodenum
accompanying a cholecystoduodenal fistula. A large
black stone, measuring 5 cm × 4 cm × 3 cm in diameter,
impacted the proximal third portion of the duodenum.
No other stones were found in the gastrointestinal (GI)
tract. Enterolithotomy, cholecystectomy, duodenorrhaphy,
feeding jejunostomy, and repair of the cholecystoduodenal
fistula were performed. Microscopically, the gallbladder
showed cholelithiasis with acute and chronic inflammation
and a fistula walled by fibrous and granulation tissue.
The postoperative course was complicated by a wound
infection, and he was discharged 2 mo later.

DISCUSSION
Gallstone is a common disease with a prevalence in 10%
of the adult population in the United States[8]. However, it
is only symptomatic in 20%-30% of patients, with biliary
colic being the most common symptom [9] . The most
common complications of gallstone disease include acute
cholecystitis, acute pancreatitis, choledocholithiasis with or
without cholangitis, and a gangrenous gallbladder. Other
uncommon complications include Mirizzi syndrome,
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cholecystocholedochal fistula, and gallstone ileus[2,10].
The ter m “g allstone ileus” was first coined by
Bartolin in 1654 and referred to the mechanical intestinal
obstruction due to impaction of one or more large
gallstones within the GI tract. Biliary-enteric fistula is the
major pathologic mechanism of gallstone ileus [11]. The
gallstone enters the GI tract through a fistula between
a gangrenous gallbladder and the GI tract. Occasionally
a stone may enter the intestine through a fistulous
communication between the common bile duct and the
GI tract. Although the gallstone can impact anywhere
in the GI tract, its size should be at least 2 cm to 2.5 cm
in diameter to cause obstruction[6]. Reisner and Cohen[5]
reviewed 1001 cases of gallstone ileus and reported that
the most common locations of impaction of gallstone are
the terminal ileum and the ileocecal valve because of the
anatomical small diameter and less active peristalsis. They
also found that the less common locations for impaction
are the jejunum, the ligament of Treitz, and the stomach,
while the duodenum and colon are the rare locations for
impaction[5].
The clinical manifestations of gallstone ileus are
variable and usually depend on the site of obstruction. The
onset may be manifested as acute, intermittent or chronic
episodes[12]. The most common symptoms include nausea,
vomiting and epigastric pain. Moreover, a small portion
of patients may present with hematemesis secondary
to duodenal erosions. Laboratory studies may show an
obstructive pattern with elevated values of bilirubin and
alkaline phosphophatase.
The diagnosis of gallstone ileus is difficult, usually
depending on the radiographic findings. In 50% of cases
the diagnosis is often only made at laparotomy [5]. The
classic Rigler’s triad of radiography includes mechanical
bowel obstruction, pneumobilia, and an ectopic gallstone
within bowel lumen. However, air in the gallbladder is also
a frequent finding in gallstone ileus[13]. Plain abdominal
films usually show non-specific findings because only
10% of gallstones are sufficiently calcified to be visualized
radiographically. For example, in our first case, although
the ectopic gallstone appeared on the initial plain
abdominal film, it was misdiagnosed as fecal material due
to insufficient calcification. But in our second case, two
gallstones were definitely identified on a plain abdominal
film. Upper or lower GI barium studies occasionally
identify the site of obstruction or fistula. Abdominal US
is useful to confirm the presence of cholelithiasis and may
identify fistula, if present[14]. Abdominal CT becomes the
more important modality in diagnosing gallstone ileus
because of its better resolution. By comparing with plain
abdominal film and abdominal US, it can provide a more
rapid and specific diagnosis in emergency use. Lassandro
et al[15] compared the clinical value of plain abdominal film,
abdominal US and abdominal CT in diagnosing 27 cases
of gallstone ileus, and found that the Rigler’s triad presents
14.81% in plain abdominal film, 11.11% in abdominal US,
and 77.78% in abdominal CT, respectively. Additionally, Yu
et al[16] studied the value of abdominal CT in the diagnosis
and management of gallstone ileus and concluded that
the abdominal CT offers crucial evidence not only for the
diagnosis of gallstone ileus but also for decision making
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in management strategy[16]. Rarely, laparoscopy is used to
diagnose this disease[17].
Gallstone ileus usually requires emergent surgery
to relieve intestinal obstruction. Bowel resection is
only indicated when there is intestinal perforation or
ischemia [18] . There is no uniform surgical procedure
for this disease because of its low incidence. Although
enterolithotomy alone remains the popular operative
method in most repor ts, the one-stage procedure
composed of enterolithotomy, cholecystectomy and
repair of fistula is necessary, if indicated[19]. Tan et al[20]
compared the two surgical strategies of enterolithotomy
alone and enterolithotomy with cholecystectomy for the
emergent treatment of gallstone ileus, and concluded that
both procedures are safe with no mortality, but the better
surgical option is enterolithotomy. Doko et al[21] agreed
that the one-stage procedure should be reserved only for
highly selected patients with absolute indications. Recently,
laparoscopy-guided enterolithotomy has become the
preferred surgical approach in treating gallstone ileus[22].
Additionally, the non-surgical treatment of gallstone ileus
has been suggested, including endoscopic removal and
shockwave lithotripsy, but this depends on the location
of obstruction[23,24]. In our second case, the two stones
were detected by radiography preoperatively, but they were
not found on the first EGD. The second duodenoscopy
revealed two stones impacting the third portion of the
duodenum. We attempted to remove them endoscopically,
but failed due to their larger size.
The prognosis of gallstone ileus is usually poor
and worsens with ag e. Previous studies re por ted
that the mortality rate is 7.5%-15% [5,6], largely due to
delayed diagnosis and concomitant conditions such as
cardiorespiratory disease, obesity and diabetes mellitus.
The postoperative recurrence rate of gallstone ileus is 4.7%
and only 10% of patients require secondary biliary surgery
for recurrent biliary symptoms[5,25].
In conclusion, gallstone ileus is a rare cause of intestinal
obstruction. It must be considered in intestinal obstruction
patients with a past history of gallstone, especially in
elderly females. Abdominal CT is the preferred modality
because of its rapid diagnosis of gallstone ileus. Surgical
treatment is emergent when the radiological finding is
highly or even suspicious or confirmed.
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Abstract
Malignant fibrous histiocytoma (MFH) occurs most
commonly in the extremities and trunk, but rarely in
the intestine. Here we report two cases of primary
intestinal MFH. The first case was a 70-year old man
admitted for recurrent right lower quadrant abdominal
pain. At laparotomy, a tumor was found originating
from the cecum, with a suspicious metastatic nodule
on the surface of the right lobe of the liver. A right
hemicolectomy was performed followed by an
ileotransverse end-to-end anastomotic reconstruction.
The second case was a 43-year old man with
intussusceptions of the small intestine. An emergent
laparotomy revealed 4 pedunculated masses in the
small bowel and a partial resection of the small intestine
was performed. Though the symptoms were not
typical, based on histological and immunohistochemical
studies, the patients were diagnosed as MFH of the
intestine. They were not treated with chemotherapy
or radiotherapy and both died within 3 mo. MFH of
the intestine is an extremely rare neoplasm with an
aggressive biological behavior. The pathogenesis of
this disease has not been clarified to date. Complete
surgical excision is preferred, adjuvant chemotherapy or
radiotherapy may be advisable.
© 2007 The WJG Press. All rights reserved.

Key words: Malignant fibrous histiocytoma; Intestinal
neoplasms; Abdominal pain
Fu DL, Yang F, Maskay A, Long J, Jin C, Yu XJ, Xu J,
Zhou ZW, Ni QX. Primary intestinal malignant fibrous
histiocytoma: two case reports. World J Gastroenterol 2007;
13(8): 1299-1302

http://www.wjgnet.com/1007-9327/13/1299.asp

INTRODUCTION
Malignant fibrous histiocytoma (MFH) is a common
soft tissue sarcoma, usually occurring in the extremities.
Primary intestinal MFH is a very rare neoplasm, with not
more than 40 cases reported in international literatures[1-5].
Here we report two cases of primary intestinal MFH and
review other reported cases.

CASE REPORTS
Case 1
A 70-year old man was admitted for recurrent right
lower quadrant abdominal pain for about 50 d. He
had no recent history of fever, vomiting, diarrhea, or
constipation. Physical examination revealed a slightly
tender fist-size mass in the right lower quadrant of the
abdomen. Laboratory examination showed a white blood
cell count of 5.02 × 109/L, and a neutrophil count of
68.3%. Abdominal ultrasonography revealed a large hypoechoic mass in the right lower quadrant and an abdominal
computed tomography demonstrated a large soft-tissue
mass in the right lumbar region and iliac fossa (Figure
1A). Chest X-ray and computed tomography showed a
mass on the hilum of the right lung (Figure 1B). Barium
enema and colonofiberscopy were not performed owing
to the patient’s abdominal pain. At laparotomy, a tumor
was found originating from the cecum and infiltrating
into the right lateral peritoneum. There was a suspicious
metastatic nodule located on the surface of the right lobe
of the liver. A right hemicolectomy was carried out, and
reconstruction was performed by an ileotransverse endto-end anastomosis. Grossly, an ulcerative annular tumor
undergone necrosis was seen in the cecum, measuring
12 cm × 10 cm. There was a tumor nodule on the
mesentery, measuring 3 cm × 2 cm. On cut section, the
tumor was soft in consistency, solid and grayish-white in
color. Microscopic examination revealed that the tumor
was pleomorphic and consisted of spindle-shaped cells,
oval cells, pleomorphic giant cells, and inflammatory
cells. There were involvements of two lymph nodes.
Immunohistochemical stains were positive for vimentin
(Figure 2), KP-1, α 1-antitrypsin, LYS, P53, Ki67, and
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Figure 4 Histology revealing tumor cells consisting of fibroblast-like cells,
histiocyte-like cells and pleomorphic giant cells (HE, × 40).

negative for S-100, CD1a, CD34, CD117, HMB45, CK,
and SMA. The final histopathological diagnosis was MFH
of the cecum. Postoperatively, the patient developed
pyrexia for about one week which was subsequently
followed by breathlessness as a result of lung metastasis.
He was not treated with chemotherapy or radiotherapy,
and died a month later.
Case 2
A 43-year old man with a history of melena for 10 d had
intermittent abdominal pain, fever, vomiting and diarrhea.
Physical examination revealed a slightly distended tender
abdomen. Laboratory findings showed a white blood
cell count of 23.39 × 109/L, and an elevated C-reactive

Volume 13

Number 8

Figure 1 Computed tomography
showing a large soft-tissue mass
(black arrow) in the right lumbar
region and iliac fossa (A) and a
mass (white arrow) on the hilum of
the right lung (B).

B

Figure 2 Tumor cells showing positive staining for vimentin (EnVision × 200).
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Figure 3 Computed tomography showing features of multiple intussusceptions in
the small intestine (white arrow).

protein level of 193.0 mg/L. Plain abdominal X-ray films
showed small bowel obstruction. Computed tomography
demonstrated features of multiple intussusceptions, i.e.
some portions of the small intestine were seen invaginating
into contiguous segments (Figure 3). Chest X-ray and
computed tomography showed a mass on the apex of
the right lung. The diagnosis of intussusceptions of the
small intestine was made, and an emergency operation
was performed. At laparotomy, 4 masses measuring 8, 5,
5, 3 cm in diameter were seen in the small bowel and local
partial resections of the small intestine were performed.
The resected specimens contained pedunculated tumors.
Some metastatic nodules were also noted on the mesentery.
Microscopic examination demonstrated fibroblast-like
cells, histiocyte-like cells and pleomorphic giant cells within
the tumor substance (Figure 4). Immunohistochemical
stains were positive for vimentin, Ki67 (Figure 5A), P53
(Figure 5B), CK, KP-1 (Figure 5C), LYS, and negative
for ER, PR, c-erbB2, MMP2, MMP9, S-100 and HMB45.
The pathological findings were compatible with MFH
of the small intestine. Postoperatively, the patient had
high fever, vomiting and abdominal pain. White blood
cell count varied from 26.64 × 109/L to 55.5 × 109/L,
and plain abdominal X-ray films demonstrated partial
bowel obstruction. The patient was not treated with
chemotherapy or radiotherapy, and died 2 mo later.

DISCUSSION
Malignant fibrous histiocytoma (MFH) was first described
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A

B

C

Figure 5 Tumor cells showing positive staining for Ki67 (A), P53 (B), and KP-1 (C)
(EnVision × 200).

as malignant histiocytoma and fibrous xanthoma by
Ozello et al in 1963, and was established by O’Brien and
Stout in 1964 to describe soft tissue sarcomas arising
from fibroblasts and histiocytes[3,5]. The peak incidence
of extraintestinal MFH occurs in the sixth and seventh
decades of life. It usually occurs in the extremities,
presenting as a painless mass, and less commonly in the
retroperitoneal space, associated with weight loss and
increased intra-abdominal pressure [6]. Five histological
subtypes of MFH have been described: pleomorphic
storifor m, myxoid, giant cell, inf lammator y, and
angiomatoid; the most common being pleomorphic
storiform and myxoid types. The first two subtypes tend to
be high-grade neoplasms, while the others are usually lowgrade sarcomas[7]. The karyotypic abnormalities in MFH
are usually complex, with multiple numerical and structural
rearrangements[8]. Schmidt[9] reported that chromosomes
1, 3, 6, 9, 12, 16, 18, and 20 are involved in structural
aberrations, and that the breakpoint regions are most
frequently observed in 1p32, 3p25, and in the centromeric
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region of chromosomes 1 and 16. The pathogenesis of
MFH has not been clarified to date. However, it has been
recognized as a complication of radiation, resulting from
chronic postoperative repair, trauma, surgical incisions or
burn scars[10-13].
Primar y MFH of the intestine is ver y rare. Not
more than 40 cases have been reported in international
literatures[1-4]. We reviewed the total 37 cases of intestinal
MFH, including ours, and summarized the findings as
follow. The ratio of men to women was 2.4:1, with an
average age of 54.2 years and a range of 12-84 years. The
tumor originated from the duodenum in 2 patients, the
jejunum in 5, the ileum in 6, the jejunum and the ileum in
1, the cecum in 4, the ascending colon in 6, the transverse
colon in 5, the descending colon in 2, the sigmoid colon
in 2, the rectum in 3, and from the anal canal in 1. In most
patients, the tumor was solitary, while in 4 cases multiple
tumors were observed. The distribution of the colorectal
MFH was different from that of carcinoma. Despite
the fact that most of the tumors were large, ranging
from 2 to 19 cm in diameter, their early detection was
difficult. The symptoms were not typical: most patients
complained of abdominal pain, fever, anorexia, bloody
stools and diarrhea, but few had constipation. Thirtyfive of the patients were treated surgically, 3 received
adjuvant chemotherapy, one was given radiotherapy, and
one underwent chemoradiation. In some patients, initial
laparatomy revealed metastatic masses, especially in the
regional lymph nodes, liver and lungs. Local recurrence
was the most common pattern of recurrence in MFH of
the intestine. Several patients died of local recurrence or
metastasis including our reported two cases.
The diagnosis of MFH depends on an accurate
differential diagnosis from other sarcomas, observation
of karyomorphism and differential figures, and positive
results on immunohistological staining. It was reported
that MFH frequently expresses vimentin, actin, CD-68,
and α 1-antitrypsin and α 1-antichymotrypsin[14]. Thus,
the final diagnosis of our patients was MFH. The
differential diagnosis of MFH should include pleomorphic
liposarcoma and rhabdomyosarcoma. The former lacks
the storiform pattern and shows evidence of cellular
differentiation, while the latter shows cross striations on
histological examination.
Murata [15] reported that colorectal MFH of the
inf lammator y type produces g ranulocyte colonystimulating factor (G-CSF). Liesveld [16] reported that
patients with MFH have leukocytosis, leukemoid reaction,
and paraneoplastic syndrome because of various cytokines
produced by tumor cells. Thus, postoperative recurrent
leukocytosis and elevated CRP level might be predictors
for recurrence of MFH. The second case presented
to our center had leukocytosis and leukemoid reaction
postoperatively.
The treatment for MFH is early and complete surgical
excision with en-bloc regional lymph node dissection.
Postoperatively, our patients were not given chemotherapy
due to their poor general condition. Chemotherapy and
radiotherapy were used, but without success. Zagars [17]
reported that adjuvant chemotherapy cannot minimize
the rate of metastasis. Patients with myxoid tumors do
www.wjgnet.com
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not require systemic therapy. However, patients with
nonmyxoid disease exceeding 5 cm are at a significant
risk of developing metastases and the development of
effective adjuvant treatment is an important research goal.
Another report stated that inadequate peritumoral excision
is a cause for recurrence[18].
Most of the reports sug gest that the prognosis
associated with colonic MFH is poor. Weiss and Einzinger’
s analysis of MFH[6] showed that the 2-year survival rate of
patients with pleomorphic/storiform type of MFH is 60%
and the rate of metastases is 42%. Tumor site (extremity
vs nonextremity), location (proximal vs distal), size (≤ 5
cm vs > 5 cm), and histology (myxoid vs nonmyxoid) are
not significant determinants for final outcome [17]. For
metastatic relapse, the major determinants were histology
(myxoid vs nonmyxoid) and tumor size. Myxoid tumors
have a low metastatic propensity (13% 10-year metastatic
rate) compared to nonmyxoid tumors (40% 10-year
metastatic rate).
In conclusion, primary intestinal MFH is an extremely
rare neoplasm with an aggressive biological behavior.
Clinicians and pathologists must consider the possibility of
this tumor and include it in the differential diagnoses of
intestinal lesions. Complete surgical excision is preferred
and adjuvant chemotherapy or radiotherapy may be
advisable. Due to the high recurrence, life-long surveillance
should be carried out.
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Abstract
Eosinophilic gastroenteritis is a rare gastrointestinal
disorder with eosinophilic infiltration of the gastrointestinal
wall and various gastrointestinal dysfunctions. Diagnosis
requires a high index of suspicion and exclusion of various
disorders that are associated with peripheral eosinophilia.
We report a case of eosinophilic gastroenteritis, which
had features of the predominant subserosal type
presenting with ascites and hepatic dysfunction, and
which responded to a course of low-dose steroid.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Eosinophilic gastroenteritis, first reported by Kaijser in
1937, is a rare gastrointestinal disorder that can present
with various gastrointestinal manifestations, depending
on the specific site of the affected gastrointestinal
wall. Klein et al[1] have demonstrated that this disorder
could be pathologically classified into three major types:
predominant mucosal layer, predominant muscle layer,
and predominant subserosal layer. However, its clinical
features, etiolog y, and treatment have not yet been
definitely established. We report a case of eosinophilic
gastroenteritis with features of the predominant subserosal
type, including ascites and liver dysfunction.

CASE REPORT
In July 2006, a 33-year-old man presented with mild upper
abdominal pain and, three days later, with abdominal
distention, frequency of bowel motion and fever. His
temperature was 38.5℃. He had no past history of ulcer
pain and never had any abdominal operation. There had
been no weight loss and neither blood nor mucus was
present in the stool. The patient denied taking any drugs
or herbal medicine. There was a history of allergy to
levofloxacin. Chest examination showed no abnormality.
Abdominal examination revealed a soft, mildly tender
abdomen, and shifting abdominal dullness.
The patient was admitted to the Second Affiliated
Hospital of Zhejiang University in July 2006. The
hemoglobin level was 13.0 g/L( normal range, male, 11-16
g/L) and white cell count was 13.6 × 109/L, with 41.1%
neutrophils, 27.9% lymphocytes, 8% monocytes and
22.5% eosinophils. The platelet count was 138 × 109/L,
and the sedimentation rate was 8 mm/h. The tests for
antinuclear factor, rheumatoid factor, serum hepatitis B
surface antigen and serum hepatitis A, C, E antibodies
gave negative results. The alanine aminotransferase level
was 337 U/L (normal range, 0-50 U/L) and the aspartate
aminotransferase was 223 U/L (normal range, 0-40 U/L).
The anti-amoebic titer was negative and stool microscopy
for ova and cysts was negative. Ultrasonography of the
abdomen revealed a moderate amount of ascites (Figure 1).
Gastroscopy showed mild antral gastritis. Biopsy of gastric
antrum and proximal duodenum revealed inflammation
with marked eosinophilic infiltration (Figure 2 and Figure
3). Colonoscopy showed mild proctitis and sigmoid colitis.
After excluding the possibilities of a malignancy,
parasitic disease, and autoimmune disease, eosinophilic
g astroenteritis was diagnosed. This diagnosis was
supported by the presence of peripheral eosinophilia and
eosinophilic infiltration of the serosa and subserosa of the
gastric antrum and proximal duodenum. A small daily dose
of steroid (prednisolone 20 mg) was given. Four days later,
the patient recovered from his symptoms. The white cell
count was 9.5 × 109/L, with 49.1% neutrophils, 27.2%
lymphocytes, 7.7% monocytes and 15% eosinophils.
Seven days later, the alanine aminotransferase level was
128 U/L and the aspartate aminotransferase was 38 U/L.
Ultrasonography of the abdomen revealed no ascites. Steroid
treatment was gradually tapered and eventually terminated
after 4 wk.
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Figure 1 Ultrasonography of the abdomen revealed a moderate amount of
ascites.

Figure 2 Histologic section of proximal duodenum showed inflammation with
marked eosinophilic infiltration (HE, × 100).

Figure 3 Histologic section of proximal duodenum showed inflammation with
marked eosinophilic infiltration (HE, × 400).

eosinophilic gastroenteritis is currently unknown. Allergies
to certain foods or immunological abnormalities have been
speculated as its etiology[6-8]. On the other hand, some
investigators[9,10]have demonstrated that the etiology of
this disorder is not associated with allergic reactions. In
our case, there was a past history of levofloxacin allergy.
However, the patient denied taking any drugs or herbal
medicine. The finding of high eosinophil count in the
peripheral blood suggested allergic disorder or parasitic
disorders, or abdominal lymphoma. The likelihood of
parasitic disorders and abdominal lymphoma was remote
because of the history of the patient’s illness, the physical
findings, and the findings on gastroscopy, colonoscopy and
ultrasonography.
In the mucosal form of eosinophilic gastroenteritis,
multiple biopsies must be taken during endoscopy, because
mucosal involvement is often patchy in nature. When
there is a submucosal disease, biopsy of the mucosal layer
sometimes fails to expose eosinophilic gastroenteritis.
Laparotomy or laparoscopy is often required to make a
diagnosis in such cases.
Treatment with a steroid is the mainstay in the
management of eosinophilic gastroenteritis. Clinical
improvement usually is seen after treatment with a low
dose of steroid. Surgical intervention may sometimes
be required for patients with complicating obstruction
or when performing a full thickness intestinal biopsy to
establish the diagnosis.

DISCUSSION
The important feature in this case of eosinophilic
gastroenteritis is the extremely high eosinophil count in
the peripheral blood and the serosa and subserosa of the
gastric antrum and proximal duodenum. The diagnosis
of eosinophilic gastroenteritis was confirmed after the
exclusion of other disorders that have similar features,
such as gut lymphoma, parasitic infection, carcinoma,
inflammatory bowel disease, and allergy.
Eosinophilic gastroenteritis is a rare disease, which
was first reported by Kaijser in 1937. In 1970, Klein
demonstrated that this disorder could be pathologically
classified into three major types: predominant mucosal,
predominant muscle layer, and predominant subserosal.
The involvement of different layers usually gives rise to
different clinical manifestations. Mucosal disease generally
presents with bleeding, protein-losing enteropathy, or
malabsorption. Involvement of the muscle layer may
cause bowel wall thickening and subsequent intestinal
obstruction. The subserosal form usually presents with
peritonitis and eosinophilic ascites, which was the case in
this patient.
Eosinophilic gastroenteritis can involve any part of
the gastrointestinal tract from the esophagus down to the
rectum. The stomach and duodenum, however, are the
most common sites of involvement[2-5]. The etiology of
www.wjgnet.com
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TO THE EDITOR
The dramatic increase of allergic and autoimmune diseases
such as asthma, atopic der matitis (eczema), allergic
rhinitis, inflammatory bowel disease (IBD, including both
Crohn’s disease and ulcerative colitis), multiple sclerosis,
and insulin-dependent diabetes mellitus (typeⅠdiabetes)
in the developed countries in the last century[1-3] is a big
puzle. “Hygiene Hypothesis” was proposed more than
two decades ago and it suggested that the increase in these
allergic and autoimmune diseases is caused by the aberrant
development and response of the immune system due
to a reduced exposure to microorganisms along with the
improved hygiene[2-4]. Interestingly, recent studies revealed
that these allergic and autoimmune diseases are closely
related to the microbes in the gut[5]. For instance, even
asthma, an allergic reaction of the lung to inhaled antigens,
is closely related to a reduced exposure to foodborne and
orofaecal microbes, rather than the amount of allergens
in the air or the exposure to airborne microbes [5-7]. It
is known that bacteria in the gut could be 10 times in
number of the eukaryotic cells of the body[8]. Therefore,
it would be not too surprising that microbes in the gut
may have a great impact on these autoimmune and allergic
diseases.
On the other hand, many studies revealed that an
www.wjgnet.com

increase in intestinal permeability was shown in patients
with these autoimmune and allergic diseases, such as those
with IBD[9,10], multiple sclerosis[11], typeⅠ[12,13] (but not type
[14]
[15,16]
, and atopic eczema[17,18]. The
Ⅱ ) diabetes, asthma
increased intestinal permeability in these patients seems
to be a prerequisite rather than a consequence of these
diseases, as it could precede the clinical onset of these
diseases[12,19,20]. In addition, increased intestinal permeability
was also seen not only in healthy relatives[10,21], but also
in spouses of these patients[10,22]. An increase in intestinal
permeability would result in an increased infiltration of the
luminal components. Therefore, it would be reasonable to
ask what have caused the increase of these autoimmune
and allergic diseases: is it a deceased exposure to luminal
microbial components due to the improved hygiene, or an
increased exposure to luminal microbial components due
to the increased intestinal permeability?
There is a large amount of microbes in the gut. The
endotoxin in gut bacteria could be enough to kill the host
thousands of times over[23]. Therefore, it would be more
likely that the tightness of the gut barrier would have
played a more important role in determining the extent of
exposure rather than the absolute number of microbes in
the gut. Actually, there could be an intrinsic link between
the increased intestinal permeability and improved hygiene.
An effective inactivation of the digestive proteases
depends on gut bacteria [24,25]. The increased intestinal
permeability could be a result of the improved hygiene and
a reduction in gut bacteria, by a mechanism such as the
impaired inactivation of digestive proteases by gut bacteria,
and thus an over-digestion of gut barrier. A reduction
in gut bacteria not only can be the result of improved
sanitary conditions, along with the more clean food and
water, it also can be caused by an inhibition of gut bacteria
by factors such as the widely used sweetener saccharin[26].
Interestingly, saccharin consumption correlated well with
the ups and downs of the IBD, and probably had played
a causative role in IBD[27,28]. This would lead us to raise a
more general question: Will the improved hygiene and thus
a reduction in gut bacteria necessarily result in a decreased
exposure to luminal microbial components, the fundamental
assumption of the “Hygiene Hypothesis”[29,30]. Further study
in this area would be worthwhile. It would help better
understand why both Th1 type diseases such as Crohn’
s diseases and typeⅠdiabetes, and Th2 type diseases such
as ulcerative colitis and atopic diseases increase with the
improved hygiene[29,30].
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p (CEA) = 8.6 24.5 μg/L; CO2 volume fraction, 50 mL/L CO2 not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction,
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format about how to accurately write common units and quantum
is at: http://www.wjgnet.com/wjg/help/15.doc
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abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC,
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used
directly without further mention.
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