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Abstract
Hepatitis C virus (HCV) infection affects 180 million people
worldwide with the predominant prevalence being infection
with genotype 1, followed by genotypes 2 and 3. Standard
anti-HCV therapy currently aims to enhance natural
immune responses to the virus, whereas new therapeutic
concepts directly target HCV RNA and viral enzymes or
influence host-virus interactions. Novel treatment options
now in development are focused on inhibitors of HCVspecific enzymes, NS3 protease and NS5B polymerase.
These agents acting in concert represent the concept of
specifically targeted antiviral therapy for HCV (STAT-C).
STAT-C is an attractive strategy in which the main goal is
to increase the effectiveness of antiviral responses across
all genotypes, with shorter treatment duration and better
tolerability. However, the emergence of resistant mutations
that limit the use of these compounds in monotherapy
complicates the regimens. Thus, a predictable scenario for
HCV treatment in the future will be combinations of drugs
with distinct mechanisms of action. For now, it seems that
interferon will remain a fundamental component of any
new anti-HCV therapeutic regimens in the near future;
therefore, there is pressure to develop forms of interferon
that are more effective, less toxic, and more convenient
than pegylated interferon.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection affects 180 million

people worldwide, about 3% of the world’s population.
Globally, 3-4 million persons are newly infected each
year, with the predominant prevalence being infection
with genotype 1, followed by genotypes 2 and 3. The
other genotypes, 4, 5, and 6, have specific geographical
distributions. The acute phase of infection is asymptomatic
in the majority of cases, but leads to chronic infection in
about 70%-80% of affected individuals[1,2]. This results in
progressive liver disease and eventually liver cirrhosis, with
increased risk of hepatocellular carcinoma[3].
HCV is an enveloped virus belonging to the Flaviviridae
family. The virion consists of an outer envelope composed
of E1 and E2 proteins covering the nucleocapsid, with
a single-stranded RNA genome (Figure 1). The HCV
genome encodes structural proteins that form the capsid
and envelope, as well as non-structural proteins required
for virus replication. The latter are potential targets for
new drugs aimed at directly affecting HCV. The nonstructural components include proteases and helicase
(NS2, NS3 and NS4A), a protein responsible for anchoring
the replication complex to intracytoplasmic membranes
(NS4B), the RNA-binding protein (NS5A), and RNAdependent RNA polymerase (NS5B). After entering the cell,
HCV RNA is released into the cytoplasm. The genome is
directly translated by host enzymes. The HCV polyprotein
is subsequently processed by the host and viral proteases
into structural and non-structural proteins, including
NS5B, which is crucial for HCV replication. There are two
viral proteases, NS2-3 and NS3. NS2-3 is responsible for
cleavage at the NS2/3 site. NS3 catalyses cleavage at four
sites: NS3/4A, NS4A/B, NS4B/5A and NS5A/B. The
proteolytic activity of NS3 protease is significantly enhanced
by heterodimerization with its cofactor NS4B[4].

CURRENT TREATMENT OPTIONS
The therapy currently regarded as the standard consists of
pegylated interferon injections administered once weekly,
along with daily oral ribavirin. This combination exerts
synergistic antiviral effects, although it is efficient in only
about 50% of treated individuals. The most important
predicting factor appears to be the HCV genotype.
Sustained viral response (SVR) expressed as an absence
of detectable serum HCV RNA 24 wk after completion
of therapy is achieved in only 33%-42% of patients with
genotype 1, but in about 90% of those with genotypes 2
and 3[5]. There are patients who do not achieve an SVR
due to unresponsiveness or relapse after treatment, as
well as those who lack tolerance to adverse events that
occur during treatment. Therefore, there is a need for
new therapeutic strategies with higher efficacy, shorter
www.wjgnet.com
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treatment duration, convenient routes of administration
and favorable side-effect profiles.
The standard anti-HCV therapy currently aims to
enhance natural immune responses to the virus; whereas,
new therapeutic concepts directly target HCV RNA
(anti-sense nucleotides, small inhibitory RNA) and viral
enzymes (protease and polymerase inhibitors), or influence
host-virus interactions (cyclophilin inhibitors, bavituximab,
inhibitors of viral entry) (Figure 2) [6-9]. These findings
essentially came from attempts to create an experimental
model for studies of the molecular details of the virus
and HCV infection of cells. The development of the
replicon system and pseudoviruses has greatly contributed
to the current knowledge of HCV replication. However,
a highlight in recent studies on HCV has been the
establishment of a complete cell culture replication system
that enables further research into the HCV lifecycle and
novel antivirals.

NOVEL ANTIVIRAL AGENTS
Novel treatment options now under intensive
development are focused on the inhibitors of HCVspecific enzymes, NS3 protease and NS5B polymerase.
The actual protease inhibitors under clinical development
are telaprevir and SCH 503034. Among the polymerase
inhibitors, several drugs have reached the clinical stage.
These include valopicitabine, R1479, HCV-796 and
BILB1941. Such agents acting in concert represent the
concept of specifically targeted antiviral therapy for
HCV (STAT-C). The principle of this new therapeutic
strategy is the achievement of higher rates of efficacy,
shortened treatment duration, improved tolerability and
adherence, oral administration and the possibility for use
in special populations (e.g., those with contraindications
to interferon). However, the emergence of resistance
mutations that limit the use of these compounds
in monotherapy complicates the regimens. Thus, a
predictable scenario for treatment of HCV in the future
will be combinations of drugs with distinct mechanisms
of action. Interferon, however, appears pivotal for any new
therapeutic regimens.

INTERFERONS IN DEVELOPMENT
Pegylated interferon underpins the current standard
www.wjgnet.com
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of care therapy for HCV. Its immunomodulator y
activities with positive pharmacokinetics significantly
improve the efficacy of anti-HCV regiments, although
the effectiveness of antiviral treatment remains
u n s a t i s f a c t o r y, e s p e c i a l l y a s r e g a r d s g e n o ty p e -1
infections. Another limitation is the frequent occurrence
of adverse events, which greatly influence adherence to
the treatment regimen. Therefore, there is pressure to
develop forms of interferon that are more effective, less
toxic, and more convenient than pegylated interferon.
Phase 1 clinical trials are in progress with oral forms of
interferon (Belerofon; oral interferon alpha). Another
goal in the field of interferon development is to obtain
forms with a longer half life, which will allow a reduction
in the number of injections required and lengthen
the period between injections. These agents [IL-29
(PEG-interferon lambda), Belerofon Interferon (longacting), BLX-883 (Locteron), and Medusa Interferon
(Multiferon)] are mostly in the first or second phase of
their clinical development. Omega interferon, which is in
phase Ⅱ development, is used in an implantable infusion
pump that releases a steady amount of interferon for
about 1 mo[10]. Albinterferon (IFN-α2b genetically fused
to human albumin) and interferon β-1a (REBIF) have
reached phase Ⅲ development. Albinterferon is a protein
that combines the antiviral properties of IFN-α2b with
the prolonged half-life of human serum albumin. Clinical
trials have shown that albinterferon administered every
2 wk exerts an antiviral efficacy comparable to that of
Peg-IFN-α2a, with a similar frequency of occurrence of
adverse events and laboratory abnormalities[11]. Consensus
interferon (Infergen) administered daily is currently
in phase Ⅳ clinical trials, and research evaluating its
usefulness in treatment of prior non-responders is
ongoing, with promising interim results[12,13].

PROTEASE INHIBITORS
Telaprevir (VX-950), an investigational oral selective
inhibitor of HCV NS3/4A protease[14], appears to be the
one of most advanced therapeutic agents that specifically
target the HCV lifecycle. Clinical phase Ⅱb studies
utilizing VX-950 are ongoing. These include the PROVE
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1 and PROVE 2 trials that have enrolled 260 and 320
treatment-naïve HCV genotype 1 patients, respectively,
and the PROVE 3 study in patients with HCV genotype 1,
previously treated by standard of care therapy (at least one
prior course of peginterferon with ribavirin).
The phase Ⅰb studies showed that VX-950 had
potent anti-HCV activity in monotherapy, which led to
a rapid decline in HCV RNA of about 3 log within 3 d
in all dosage groups (450 mg q8h, 750 mg q8h and 1250
mg q12h), both in genotype 1 treatment-naïve patients
and non-responders to prior treatment. In the optimal
dose group, 750mg q8h, the highest plasma concentration
was achieved with a 4.4 log reduction in HCV RNA
load at d 14. When sub-optimal doses were applied,
maximal HCV RNA reduction was seen after 3-7 d
treatment, with any following increase in viral load being
related to the selection of HCV variants less sensitive
to VX-950[15,16]. Moreover, other studies have reported
that the abovementioned HCV RNA fluctuations, as
well as alanine aminotransferase (ALT) levels during
treatment correlated with the concentration of neopterin
- a monocyte/macrophage-derived factor that can be
considered an indicator of inflammatory activity during
the course of chronic C hepatitis[17,18]. Furthermore, the
ultrasound evaluation of perihepatic lymph nodes (PLNs)
in HCV-infected individuals undergoing treatment with
telaprevir alone showed a significant reduction in PLN
volume after 14 d therapy. This suggests that VX-950
may have the ability to reduce inflammatory activity in
liver tissue; however, this research is limited by a lack of
objective parameters for inflammatory activity, such as
histopathological evaluation[19].
The HCV NS3 protease diversity determined before
administration of VX-950 appears to have no predictive
impact for the effectiveness of antiviral responses [20].
Whereas, identification of HCV NS3 protease variants
after 14 d treatment demonstrates the emergence of
mutations that implicate varying decreases in sensitivity
to VX-950, low-level resistance characterized by V36A/M,
T54A, R155K/T, and A156S mutations, and high-level
resistance determined by the emergence of A156V/T,
V36A/M-R155K/T, and V36A/M-A156V/T variants.
Each dosage group has a distinct mutation pattern that
results from the different levels of drug pressure on
the variants selected. It has been suggested that these
drug-resistant variants pre-exist at a minimal frequency
before the introduction of treatment, because of the
low fidelity of HCV polymerase and the high rate of
HCV replication. Resistant variants appear to be less
fit and have lower replication rates compared to wild
type; therefore, they may not be detected prior to
treatment[21,22].
Fur ther studies of VX-950 administered with
peginterferon, with or without ribavirin, have confirmed
the advantageous effect of combination therapy on virus
selection. Data presented at the American Association
for the Study of Liver Diseases (AASLD) Meeting in
2006 demonstrated a 5.5 log HCV RNA drop when
VX-950 was combined with peginterferon α2a vs a 1 log
drop in those receiving peginterferon alone, and a 4 log
decrease in monotherapy with VX-950 at d 14 of the
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study[23]. With regard to selection of the resistant variant,
this study provides evidence of the suppressing effect of
peginterferon when it is included in a combination therapy
regimen, or is applied as a follow-on after discontinuation
of VX-950, thus indicating that VX-950-resistant variants
remain sensitive to the standard care therapy. This
observation is consistent with in vitro research confirming
the decreased replication capacity of resistant variants
while the sensitivity to interferon is fully retained [22].
Interestingly, in a few patients receiving VX-950 alone,
the higher level resistant variant A156V/T emerged, but
was subsequently suppressed by therapy with VX-950
followed by peginterferon and ribavirin. In this study, all
patients receiving peginterferon and ribavirin subsequent
to 14 d treatment with VX-950 had undetectable HCV
RNA at the end of wk 24. However, the discontinuation
of therapy at that point in individuals with undetectable
HCV RNA at wk 12, resulted in relapses in two of the
four patients from the VX-950 monotherapy group, and
one of six from the VX-950 with peginterferon group,
which showed the advantages of combination therapy
over monotherapy[23,24]. The interim results after 12 wk of
the PROVE 1 study, the first major phase Ⅱ clinical trial
to evaluate VX-950, are now available. Analysis shows a
definitely higher incidence of undetectable HCV RNA
[limit of detection (LOD) 10 IU/mL] at wk 12 in patients
receiving VX-950 in combination with peginterferon and
ribavirin, in contrast to those receiving standard therapy
(88% vs 52%). The frequency of adverse events was
comparable in the telaprevir-treated and control groups.
However, discontinuation due to adverse events was higher
in the telaprevir than in the control groups, 9% vs 3%. The
adverse events most frequently reported in the telaprevir
group included rashes (3%), gastrointestinal disorders
and anemia. The incidence of serious adverse events in
the telaprevir groups was about 3% compared to 1% in
the control[25]. Further research on telaprevir that aimed
to assess its activity against the NS3/4A proteases of
HCV genotypes 2, 3 and 4 was presented at the European
Association for the Study of the Liver (EASL) Meeting in
2007. In vitro studies have demonstrated that the VX-950
activity against genotypes 2a, 2b, 3a and 4a is similar to
that for genotypes 1a or 1b. Moreover, NS3/4A protease
heterogeneity seems to have an unremarkable impact on
VX-950 suppressive activity. Hence, it has been suggested
that the majority of genotype-specific polymorphic
sequences are located peripherally to the active sites of
HCV protease, and do not affect binding of the agent
molecule [26]. This investigation confirms the necessity
for further research in this subject area. By contrast to
the above are observations of telaprevir activity in a liver
biopsy model of HCV infection. Cell cultures from liver
biopsies of patients with genotype 1 and non-genotype
1 HCV were exposed to VX-950, which resulted in a
significant decrease in HCV genotype 1 RNA, but only a
minimal effect in non-genotype 1 HCV[27]. Thus further
studies are required.
Another HCV protease inhibitor, SCH 503034, orally
bioavailable with satisfactory pharmacokinetics and a good
safety profile, is being tested in a phase Ⅱ clinical trial[28].
In vitro studies have determined its anti-viral activity on its
www.wjgnet.com
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own, and an additive effect in combination with interferon
[29,30]
α-2b . Monotherapy with SCH 503034, at a dose of 400
mg q8h, in HCV-genotype-1-infected non-responders to
prior standard therapy resulted in a 2.06 log reduction of
the mean maximum viral load during the 14 d period of
observation. Moreover, the HCV RNA decline correlated
with ALT activity, and both of these parameters appeared
to be dose-dependent. It is important to mention that the
frequency of adverse events was comparable to the control
group receiving a placebo[31]. Similar to telaprevir, further
research into combination therapy with SCH 503034 and
peginterferon has shown advantages over monotherapy
with SCH 503034 or peginterferon. The mean maximum
HCV RNA decline was dose-dependent, 2.4 log and 2.9
log for 200 mg q8h and 400 mg q8h, respectively, of SCH
503034 with peginterferon[32]. Another study designed to
evaluate the antiviral effects of a combination of an NS3
protease inhibitor with a polymerase inhibitor strongly
supports the concept of STAT-C. In this research, genotype
1b HCV replicon cells, wild-type, as well as replicons with
reduced susceptibility to protease inhibitors or polymerase
inhibitors, were exposed to a combination of SCH 503034
with the polymerase inhibitor HCV-796. The results
were encouraging; the antiviral effect of these two agents
was additive, with a favorable cross-resistance profile.
Furthermore, the emergence of resistant viral variants was
less frequent compared to that for monotherapy[33].
ITMN-191, a novel agent with a high genetic barrier
to emergence of resistance mutations, is in preclinical
development and has been shown to retain significant
potency against variants with decreased sensitivity to
other protease inhibitors [34]. Other in vitro studies have
shown that ITMN-191 displays synergistic antiviral activity
in combination with interferon [35,36] , as well as HCV
polymerase inhibitor R1479[37].
Recently, the clinical trials for BILB2061, another
specific and potent inhibitor of HCV NS3 protease, were
halted due to drug-induced cardiotoxicity[38].
ACH-806 is a novel anti-HCV agent, cur rently
in phase Ⅰ/Ⅱ clinical studies, which has a distinct
mechanism of action. Preclinical data have
demonstrated that ACH-806 inhibits HCV genotype
1 replication via binding to NS4A and consequently
blocks the formation of HCV replication complexes[39].
Resistance induction studies in replicon cells have
shown a lack of cross resistance between ACH-806 and
protease or polymerase inhibitors; thus confirming its
different mode of action. Interestingly, viral quasispecies
resistant to protease or polymerase inhibitors remain
sensitive to ACH-806 and vice versa[40]. In vitro studies
of a combination of ACH-806 with telaprevir or
valopicitabine or interferon have demonstrated potent
antiviral effects, which are synergistic when cells are
exposed to ACH-806 with telaprevir or ACH-806 with
valopicitabine. Hence the authors have concluded
that ACH-806 could in the future become a potent
component of STAT-C. Clinical studies preformed on
genotype 1 HCV-infected subjects have shown an ~
1 log reduction in HCV RNA at d 5. Further research
on ACH-806 has been limited because of reversible
nephrotoxicity reported in a clinical trial[41].
www.wjgnet.com
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POLYMERASE INHIBITORS
The inhibitors of HCV NS5B polymerase influence
different steps in RNA synthesis, from initiation to
elongation through binding to the enzyme's active sites.
Valopicitabine (NM283) appears the most advanced
orally bioavailable pro-dr ug of a ribonucleoside
analogue that displays an ability to sufficiently inhibit
HCV NS5B polymerase. It is currently in phase Ⅱ
clinical development. It has been shown that NM283
given as monotherapy exhibits significant, doserelated antiviral activity in both treatment-naïve and
non-responders to prior interferon therapy. T his
effect was marked and synergistic, with a mean HCV
RNA reduction of 2.7 log at d 28 when NM283 was
administered in combination with peginterferon [42] .
Studies in genotype 1 HCV-infected treatment-naïve
patients showed an intense HCV RNA decline of
about 4 log at wk 24 when NM283 was included in
the regimen[43]. However evaluation of the side effects,
mainly gastrointestinal and hematological disorders
at higher doses, resulted in revision of the dosages.
Interestingly, at higher doses, NM283 developed
superior rapid response rates, although after 12, 24
and 36 wk of treatment the results were similar in all
the different dose groups. Hence, low-dose NM283
in combination with peginterferon seems to display
marked antiviral effects with fewer adverse events[43,44].
Moreover, there are promising results of in vitr o
research into the efficacy of NM283 against HCV
variants resistant to protease inhibitors. All mutations
tested conferring resistance to protease inhibitors were
sensitive to NM283, thus supporting the advantages of
combination therapy. As well, only a single mutation
(S282T), described in the highly conserved B domain
of NS5B, has so far been identified as determining
moderate resistance to NM283[45]. In a separate study,
a combination of two agents with distinct mechanisms
of action, NM283 and SCH 503034, revealed enhanced
a n t i - r e p l i c o n a c t i v i t y, w i t h o u t o b s e r ve d c r o s s resistance [46] . T hese data suppor t the initiative to
develop combination regimens for treatment of HCV
infections.
Other polymerase inhibitors currently in clinical
development are nucleoside analogue R1479 (prodrug
R1626) and non-nucleoside analogues HCV-796 and
BILB1941. In phase I trials, R1626 has been shown to
induce the greatest viral load reduction in genotype 1
HCV-infected patients, so far reported among this class
of antiviral agents. It was a 3.7 log mean HCV RNA
decline for 4500 mg q12h at d 14, and a 2.6 log decline
for the lower dose of 3000 mg q12h, but with better
tolerability [47]. In vitro analysis of the antiviral effects
exerted by combinations of R1479 with interferon or
ribavirin have demonstrated synergistic effects, whereas
with other direct antivirals the effects were additive[48].
A n o t h e r c o m p o u n d , H C V- 7 9 6 , w h e n u t i l i z e d i n
monotherapy exhibited dose-related anti-HCV activity
across multiple genotypes, and with a good tolerability
profile. Although, a selection of variants with reduced
susceptibility was observed, they retained sensitivity to
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interferon[49]. Associated studies of combined HCV-796
and peginterferon have confirmed the increased antiviral
response to therapy, which was more intense in nongenotype 1 HCV[50]. In a clinical evaluation, polymerase
inhibitor BILB 1941 showed anti-HCV activity; however,
a high discontinuation rate due to adverse events within
the g roup with appropriate phar macokinetics was
observed[51].
Several novel compounds are now being tested in
preclinical trials; these include PSI-6130, GSK 625433,
A-848837, A-837093 and AG-021541 [52-56]. Additional
studies should determine whether these polymerase
inhibitors reach a clinical development stage in the future.

CYCLOPHILIN INHIBITORS
The favorable complementar y elements of various
prospective therapies seem to be the cyclophilin inhibitors,
which exhibit peculiar mechanisms of action based on
targeting of virus-host interactions. Cyclophilin B (Cyp B)
has been shown to serve as a cellular cofactor of the
NS5B RNA-dependent RNA polymerase that promotes
HCV replication [57,58] . Thus the blocking of Cyp B
appears to be an attractive target for the development
of new anti-HCV agents [59-61] . The first compound
shown to exhibit inhibitory properties with reference to
cyclophilins was cyclosporin A (CsA)[60-62]. It was shown
that its antiviral activity against HCV was distinct from
its immunosuppressive function, which was dependent
on anti-calcineurin activity [60-63]. Clinical studies on a
regimen based on a combination of CsA with interferon-α
demonstrated a high antiviral potency compared to that
with interferon alone[63]. However, the immunosuppressive
function of CsA limits its usefulness in anti-HCV therapy.
Moreover, there are various opinions regarding the
benefits of administering CsA vs tacrolimus in post-liver
transplantation management of individuals with HCV
infection[64,65]. The available data are limited, and the results
are equivocal[66,67]. Thus, further studies are required in this
area.
The first synthesized CsA derivate found to be devoid
of immunosuppressive activity was NIM811. It has
been investigated in regard to its anti-HIV inhibitory
features [68,69]. Recent studies have confirmed its antiHCV activity in vitro. The reduction of HCV RNA in
replicon cells was more potent, even at low concentrations,
compared to CsA. Moreover, NIM811 shows activity
against HCV in replicons with high resistance to protease
or polymerase inhibitors. Also, combinations of NIM811
with other groups of HCV inhibitors display at least
additive effects [71]. Analogous results, with potentially
synergistic effects, have been obtained when HCV
replicon cells were exposed to a combination of NIM811
with interferon-α[72]. The anti-HCV activity of NIM-811
exerted at low drug concentrations infers reduced potential
side effects from the therapy. Hence, in vivo evaluations of
the safety profile, pharmacokinetics and anti-HCV activity
need to be undertaken.
The first oral non-immunosuppressive cyclophilin B
inhibitor, Debio 025, to enter into clinical trials displayed
potent antiviral effects in chimeric mice, and the effect
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was enhanced in combination with pegylated interferon[72].
In vitro studies have demonstrated that Debio 025 has a
unique potency for clearing HCV replicon cells of virus
when used alone or in combination with other antivirals.
The combination of Debio 025 with interferon α -2a
results in additive to slightly synergistic antiviral effects.
Resistant replicon cells, selected by passage in increasing
concentrations of Debio 025, are sensitive to protease or
polymerase inhibitors and interferon[73]. Moreover, Debio
025 exerts antiviral activity against wild-type HCV, as well
as HCV replicons resistant to protease or polymerase
inhibitors. The emergence of resistant variants to protease
inhibitors (VX-950, BILB 2061) is restrained by the
presence of Debio 025[74]. Clinical research shows that
Debio 025 exerts both anti-HIV and anti-HCV activity in
HIV/HCV co-infected subjects. The anti-HIV effect at
d 15 was a 1 log decrease in viral load when the dose was
1200 mg q12h. HCV viremia decline was more profound,
reaching 3.6 log at d 15. However, at this dose, transitional
hyperbilirubinemia led to the discontinuation of treatment
in some patients[6]. Debio 025 has been shown to exert
anti-HCV activity in both genotype 1 and non-genotype 1
infections. Interestingly, no signals of emerging mutation
appeared during the period of observation, which suggests
a possible ability for this agent to suppress selection of
resistant variants[75].
Recently the novel non-immunosuppressive CsA
derivate, SCY-635, has been evaluated in preclinical
studies that have demonstrated its favorable properties
as an anti-HCV agent. Compared to CsA, this compound
has good affinity with cyclophilin, and exerts potent
antiviral activity with suitable pharmacokinetics and
lower cytotoxicity. The combination of SCY-635 with
interferon-α has antiviral effects on HCV replicon cells
that range form additive to synergistic; thus supporting
the need for more evaluations of this drug in anti-HCV
treatment options[7].

CONCLUSION
Specifically targeted antiviral therapy, through interference
in the replication cycle, leads to the selection of resistant
variants [76-78]. This observation has been confirmed in
several studies focusing on STAT-C agents as used in
monotherapy. Combination therapy displays higher
antiviral efficacy and has a fundamental impact on the
selection of HCV strains with concomitantly reduced
sensitivity and decreased viral fitness. It has also
been shown that protease and polymerase inhibitors
demonstrate advantageous cross-resistance profiles with
improved anti-HCV activity, which supports the STAT-C
development initiatives. Interestingly, the introduction
of interferon to regimens based on novel compounds
not only augments antiviral effects, but has a strong
suppressive activity against the emergence of resistant
mutations. Considering this, it is seems unlikely that
interferon will be eliminated from antiviral regimens in the
near future.
STAT-C presents an attractive strateg y, one in
which the main goal is to increase the effectiveness of
antiviral responses across all genotypes, with shorter
www.wjgnet.com
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Table 1 Anti-HCV agents currently under clinical development
Compound
Protease inhibitors

Telaprevir
(VX-950)

SCH 503034

Viral efficacy
Clinical
advancement
nt
(dose-750 mg q8h;
Ⅱ
genotype-1)
PROVEVLR = 3 log d 3
1, 2, 3
VLR = 4.4 log: d 14
VLR = 5.5 log: d 14 when
combined with PEG-IFNa2a
(dose 400 mg q8h;
Ⅱ
genotype-1)
VLR = 2.06 log d 14
VLR = 2.9 log: when
combined with PEG-IFN

Inhibitor of protease
cofactor NS4A

ACH-806

Ⅰ/Ⅱ

Polymerase inhibitors Valopicitabine (NM283) Ⅱ

R1479 (R1626)

Ⅱ

HCV-796

Ⅱ

BILB 1941
Cyclophilin inhibitors DEBIO 025

Ⅰ
Ⅰ

VLR = 1 log: d 5

VLR = 0.8 log: d 28
VLR = 2.7 log: d 28, when
combined with PEG-IFN
VLR = 4.24 log: wk 24, when
combined with PEG-IFN
VLR = 3.7 log for 4500 mg
q12h at d 14, VLR = 2.6 log
for 3000 mg q12h
VLR = 1.4-1.5 log: d 4

Remarks

Low level: V36A/M, T54A, Rash, GI and hematological
R155K/T, A156S
adverse events (AE)
High level: A156V/T, V36A/
M-R155K/T, V36A/M-A156V/T;
After 14 d of treatment

Low to moderate levels:

Frequency of AE
comparable to control
group receiving placebo

V170A
T54A
A156S
High level: A156T
Single mutation at N-terminus of Reversible nephrotoxicity
NS3; lack of cross
resistance to any of the
polymerase inhibitors or
protease inhibitors now under
development
S282T
GI and hematological AE

no data

C316Y

Mild to moderate
hematological AE with
increasing doses
Mild to moderate
headache-the most frequent
AE; no treatment-emergent
serious AE

VLR = 3.3-3.5 log: d 14,
when combined with PEG-IFN
Data incomplete due to
No data
GI AE
high discontinuation rate
VLR = 3.6 log: d 14 of
No breakthrough during the Transitional
monotherapy
treatment
hyperbilirubinemia

treatment duration and better tolerability. Recent
studies have shown that these aims are within reach.
Novel therapeutic agents are already in advanced
clinical development; listed here in Table 1. Although
there are many limitations pertaining to the STAT-C
strategy; including variable bioavailability, and different
effects exerted against various HCV genotypes and
even quasispecies. A disadvantage of direct interference
in the virus replication cycle is the increased rate of
resistant mutations, but this could be ameliorated by
the use of multiply agents with different mechanisms
of actions. In combination with interferon, these drugs
could augment antiviral effects and reduce some of
the toxic side effects of this cytokine. On the other
hand, the toxicity of new agents needs to be carefully
evaluated, along with their pharmacokinetics, safety
and effective doses. New regimens will also need to be
worked out. Currently, it appears that interferon will
remain as an element of anti-HCV therapy in the near
future; indeed its effectiveness could be elevated by the
introduction of new drugs.
www.wjgnet.com
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Abstract
Hepatitis B virus (HBV) is a highly pathogenic virus
that causes chronic liver diseases in millions of people
globally. In addition to a symptomatic, serologically
evident infection, occult persistent HBV carriage
has been identified since nucleic acid amplification
assays of enhanced sensitivity became introduced for
detection of hepadnaviral genomes and their replicative
intermediates. Current evidence indicates that occult
HBV infection is a common and long-term consequence
of resolution of acute hepatitis B. This form of residual
infection is termed as secondary occult infection (SOI).
The data from the woodchuck model of HBV infection
indicate that exposure to small amounts of hepadnavirus
can also cause primary occult infection (POI) where
virus genome, but no serological makers of exposure to
virus, are detectable, and the liver may not be involved.
However, virus replicates at low levels in the lymphatic
system in both these forms. We briefly summarize the
current understanding of the nature and characteristics
of occult hepadnaviral persistence as well as of its
documented and expected pathological consequences.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Despite the availability of effective prophylactic vaccines,
hepatitis caused by hepatitis B virus (HBV) remains one
of the most troublesome infectious diseases responsible
for significant morbidity and mortality in the world. HBVinduced chronic hepatitis B (CHB), defined as a prolonged
liver inflammation accompanied by HBV surface antigen
(HBsAg) in serum for longer than 6 mo, develops in up
to 10% of individuals infected as adults and in about 85%
of individuals exposed in the neonatal period and early
childhood [1,2]. Consequently, up to 400 million people
worldwide are afflicted with serum HBsAg-positive
chronic infection, which in high endemic areas is mainly
acquired by vertical virus transmission[3]. Furthermore,
it is estimated that as much as one third of the world
population have been exposed to HBV[4]. Many of these
individuals may unknowingly carry the virus. It is assumed
that, due to low virus loads in many of the cases, HBV
may not be identifiable by commonly used serological
assays based on detection of HBsAg and that the infection
is often asymptomatic or has non-specific symptoms.
This serologically and clinically unapparent infection
makes the true global incidence of HBV hard to estimate.
Consequently, the pathogenic significance of HBV might
be much greater than that currently assumed.

OCCULT HBV INFECTION
The clinical data and the findings from animal models
accumulated in the past ten years strongly argue that
persistent, serologically silent, i.e., serum HBsAg-negative,
HBV infection is a natural consequence of resolved
acute hepatitis B, but it may also occur following an
asymptomatic exposure to HBV, and may have serious
pathological and epidemiological repercussions. Another
important aspect of infections with HBV and other related
viruses, that has been known for a long time but remained
controversial and/or not fully realized, is the fact that the
immune system, in addition to the liver, is the site of active
hepadnaviral replication and long-term persistence.
Occult HBV infection is defined as the existence of
HBV DNA in the serum, cells of the lymphatic (immune)
system, and/or hepatic tissue in the absence of serum
HBsAg. Most frequently, occult HBV infection follows
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resolution of acute hepatitis and continues indefinitely
after clearance of HBsAg and biochemical improvement in
liver function[5-9]. For this reason, this form of infection is
termed as residual or secondary occult infection or SOI, in
opposite to primary occult infection or POI, which will be
discussed later. Serological testing in SOI normally reveals
the presence of antibodies to HBV core antigen (antiHBc), which are now recognized not only as a valuable
marker of prior exposure to HBV but also as an indicator
suggesting actually progressing occult HBV infection.
Nonetheless, recent estimates suggest that up to 20% of
individuals with occult HBV carriage evidenced by HBV
DNA detection could be nonreactive for anti-HBc or any
other serological indicator of exposure to HBV[7]. It also is
of note that the detection of naturally acquired antibodies
to HBsAg (anti-HBs) does not exclude the existence of
occult infection[5-7,9].

DETECTION OF OCCULT HEPADNAVIRAL
PERSISTENCE
One of the main current challenges in diagnosis of occult
HBV infection is the relatively low sensitivity of HBV
DNA detection assays. The present assays are based on
different approaches to amplification of HBV DNA by
polymerase chain reaction (PCR) and their lowest detection
limits range between 200 and 1000 virus genome copies,
which are also referred to as virus genome equivalents
(vge) per mL of plasma or serum. Although these assays
are adequate to detect prodromal and symptomatic HBV
infections and to monitor the progress of antiviral therapy,
they are yet not sufficiently sensitive to identify occult
infection in the majority of the individuals affected, where
serum loads are usually below 100 vge per mL, as well as to
determine whether virus was indeed completely eradicated
following antiviral treatment[9]. In contrast to the clinical
assays, the current research tests, which in our laboratory
apply nested PCR and detection of resulting amplicons
by nucleic acid hybridization (NAH), i.e., PCR/NAH,
identify hepadnaviral DNA at loads below 10 vge/mL[10,11].
Furthermore, by testing of serial samples of serum and
peripheral blood mononuclear cells (PBMC) and, when
feasible, liver biopsies, and by amplifying different nonoverlapping regions of the virus genome, detection of
occult infection is greatly enhanced[9]. Application of these
ultrasensitive assays to investigation of clinical materials
and animal models, particularly the woodchuck model
of hepatitis B, led to identification in the last decade of
occult hepadnavirus infection as a new, distinctive entity
and to delineation of its unique characteristics. However,
due to yet limited population-based studies and relatively
low sensitivity of the assays approved for clinical testing,
the full impact of this infection remains to be determined.
Nonetheless, with the recent introduction of clinical HBV
nucleic acid testing (HBV NAT) in many parts of the
world, significant progress in this area is expected.

EXPERIMENTAL OCCULT HBV INFECTION
IN THE WOODCHUCK MODEL
Many of the characteristics of occult HBV infection have
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been originally identified in the woodchuck model of
hepatitis B[5]. Woodchuck hepatitis virus (WHV) infecting
the Eastern North American woodchuck (Marmota
monax) is accepted as the most adequate, natural model
of human HBV infection, hepatitis B and HBV-induced
hepatocellular carcinoma (HCC). WHV closely resembles
HBV in the structure, biology, and in the patterns and
outcomes of the liver diseases induced. Much of the basic
understanding of the natural course, requirements for
transmission, molecular and immunological properties
of occult hepadnaviral car riage, and its long-ter m
pathological ramifications is owed to the woodchuckWHV experimental system[10-15].
Occult WHV infection was first identified as a
residual, life-long persistent infection in woodchucks
who apparently completely resolved experimental acute
hepatitis and developed anti-WHs (antibodies to WHV
surface antigen, WHsAg)[10]. Analysis of sequential sera,
PBMC and liver biopsies collected during the lifespan of
these animals, as well as autopsy lymphatic and hepatic
tissues, using sensitive PCR/NAH assays, identified WHV
DNA in all three compartments, i.e., serum, lymphoid
cells and the liver. In addition, the WHV replicating
intermediates, covalently closed circular DNA (cccDNA),
and virus mRNA were consistently found in the cells of
the lymphatic system and the liver. Anti-WHc (equivalent
of anti-HBc) persisted in all animals for life. This form
of WHV infection become later termed as SOI[5,14]. In
addition and unexpectedly, a low grade, intermittent liver
inflammation was diagnosed throughout the remaining
life in the majority of the woodchucks who apparently
completely resolved acute hepatitis[10]. Not less importantly,
one fifth of the animals developed HCC in 3-5 years after
recovery and despite anti-WHs presence [10]. The same
rate of HCC development was reported in woodchucks
recovered from acute hepatitis which were examined
by other investigators[16]. Most recently, it has also been
shown that residual WHV in animals with SOI can be
reactivated by treatment with an immunosuppressive
agent, Cyclosporin A, leading to transiently ser um
WHsAg-positive infection [17]. Taken together, the data
accumulated indicate that despite resolution of acute
hepatitis, the replication of WHV continues for life, albeit
at very low levels, both in the liver and the lymphatic
system, that limited inflammatory process continues in
hepatic tissue, and that the silently persisting virus may
retain its oncogenic potency. This implies that although
the immune system is able to resolve acute hepatitis
and can keep persistently propagating hepadnavirus
under relative control, it is unable to eradicate the virus
completely[10,14]. The same conclusion was recently reached
when bicistronic WHV core-gamma interferon (IFN)
DNA vaccine was found to be able to prevent WHV
hepatitis, but could not mount sterile immunity and
prevent establishment of occult infection[18]. Furthermore,
it became apparent that the detection of anti-WHc in the
absence of other serological indicators of infection is a
reliable indicator of occult WHV persistence[15]. This state,
similarly as strong HBV-specific cytotoxic T cell (CTL)
and T helper lymphocyte responses detectable years after
resolution of acute hepatitis B[19,20], is likely a consequence
of sustained restimulation of the immune system with a
www.wjgnet.com
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viral protein produced during low-level virion assembly[15].
The high degree of compatibility between WHV and
HBV infections and the data from studies on otherwise
healthy anti-HBc-positive individuals[21,22] suggest that the
occurrence of isolated anti-HBc could also be of value in
identifying occult HBV persistence.
The virus recovered from woodchucks with SOI
remains infectious. It was observed that WHV harvested
from PBMC isolated during SOI and ex vivo stimulated
with lipopolysaccharide (LPS) induced classical acute
WHV hepatitis in virus-naive animals[10]. Furthermore,
woodchuck dams with SOI were found to transmit virus
to offspring, however, the infection induced frequently
displays characteristics different than those of SOI[11].
Thus, WHV DNA and WHV cccDNA was harboured
only in the lymphatic system, but not in the liver, and in
the absence of serological markers of infection, including
anti-WHc antibodies. This form of hepadnaviral infection
was later named as primary occult infection or POI[14].
Interestingly, POI, in contrast to SOI, is not associated
with protection from reinfection and hepatitis after
challenge with liver pathogenic doses of WHV [11]. In
subsequent studies, the same profile of occult infection
was experimentally induced in adult animals by intravenous
injections with WHV doses lower than 1000 virions[14].
At the same time, it was also established that WHV
quantities higher than 1000 virions, in addition to infecting
the lymphatic system, consistently cause classical acute
hepatitis. This revealed that doses greater than 1000 virions
are liver pathogenic in woodchucks[14]. From these data it
was inferred that the threshold level of WHV required to
infect lymphoid cells is 100 to 1000-fold lower than that
to infect hepatocytes. WHV sequence variation was not
responsible for the induction of these two contrasting
forms of infection[14].
At the present time, POI is the entity which has not
yet been convincingly identified in humans. However, the
detection of occult HBV DNA-positive, anti-HBc-negative
infection may suggest its existence. The persistence
of trace amounts of replicating virus, especially at the
extrahepatic locations, could have an impact in terms of
unforeseen virus transmission and induction of disorders
which are not yet considered to be related to hepadnaviral
infection. Small quantities of the virus carried across the
placenta may induce POI, similarly to CHB developing
in neonates born to mothers with serum HBsAg-positive
infection.

OCCULT HEPADNAVIRAL INFECTION AND
THE HOST’S IMMUNE SYSTEM
Since the cells of the immune system are clearly the
site of WHV propagation, independent of whether
infection is symptomatic or occult, it became of interest
to enumerate the cells carrying the virus in different forms
of experimentally induced infection. By applying in situ
PCR combined with flow cytometric quantification of
cells containing amplified WHV core gene sequences, the
proportion of WHV DNA-positive circulating lymphoid
cells was found to range from 3.4% to 20.4% (mean 9.6%)
in serum WHsAg-positive hepatitis, as compared to 1.1%
www.wjgnet.com
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to 14.6% (mean 4.8%) in occult WHV infection[13]. There
was no difference between SOI and POI in the numbers
of infected cells.
In terms of WHV-specific T cell responses, recent
studies have shown that animals with POI display weak
but evident, persistent and multispecific virus-specific T
cell proliferative reactivity and that this cellular response
does not provide protection against challenge with liver
pathogenic doses of WHV [23] (Gujar et al, manuscript
in preparation). The existence of active peripheral
WHV-specific T cell response and innate immune cell
activation in the livers of animals with SOI have also been
established [12] (Gujar et al, manuscript in preparation).
Overall, the findings in experimental SOI in woodchucks
are closely compatible with those reported for humans
convalescent from acute hepatitis B[19,20].

PRIMARY VERSUS SECONDARY OCCULT
WHV INFECTION
In summary, experimental occult hepadnaviral infection
occurs in two distinctive forms, as primary and secondary
infection. POI is induced upon exposure to WHV doses
at or below 1000 vge and engages the lymphatic system,
although the infection with time may also spread to
the liver [11,14]. Animals with POI carry virus in serum
and lymphoid cells at levels which are comparable with
those occurring in SOI and mount virus-specific T cell
proliferative response, but they do not have serological
(immunovirological) markers of infection and they
are not protected from challenge with liver pathogenic
doses of the virus. On the other hand, in SOI, a lowlevel replication of the virus progresses in both the liver
and the lymphatic system, anti-WHc and frequently antiWHs are detectable, and the animals are protected from
hepatitis when re-exposed to liver pathogenic doses of
WHV. Moreover, while SOI can be accompanied by low
grade, protracted liver inflammation and HCC may finally
develop, the liver is entirely normal in POI and a possible
development of hepatoma has not yet been assessed.

IMPLICATIONS OF OCCULT
HEPADNAVIRAL PERSISTENCE
Given the high degree of similarity between WHV
and HBV and infections induced by these vir uses,
it is impor tant to recognize the impact of silent
HBV persistence in ter ms of its overall incidence,
infectivity and pathogenic consequences. The previous
clinical and research focus on the liver as essentially
the only reser voir of HBV has somehow restricted
characterization of extrahepatic sites of hepadnaviral
replication and its potential pathological consequences.
Recent studies are bringing occult HBV infection and
the virus’ lymphotropic nature to the forefront. Some
of the cardinal works on occult HBV infection were
accomplished by examining lymphoid cells of patients
with resolved acute hepatitis B where HBV DNA
sequences were found[19,24,25]. Furthermore, immunological
studies showed that vigorous CTL and T cell proliferative
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responses specific against HBV antigens persisted for
years after recovery[19,20]. Many case reports also indicate
that immunosuppression caused by chemotherapy [26,27],
immunomodulatory agents [28], or immune deficiencies,
such as HIV infection[29] or hematological malignancies[30],
can reactivate occult infection. As in woodchucks with
SOI, mild necroinflammation has been documented in
liver samples obtained many years after recovery from
acute hepatitis B [31,32] . Liver fibrosis and cirrhosis of
unknown origin has now been explained by occult HBV
infection in many retrospective studies[33,34]. There also
is strong evidence for the risk of HCC development in
patients with occult HBV [35-38] and this risk is further
elevated in alcoholics[39] and in patients with other liver
ailments, like hepatitis C [40]. Interestingly, convincing
evidence points to the conservation of the HBV genome
sequence in occult infection, negating the possibility that
faulty HBsAg production accounts for all incidences
of occult infection [32,41] . On the other hand, studies
demonstrating the passage of HBV in non-liver cells,
such as stem cells[42,43] and bone marrow[44], and by blood
donations collected from individuals with occult HBV[45]
are increasingly frequent in the literature. Recent estimates
suggest that transient HBV DNA levels of up to 10 4
vge/mL can be found in sera from apparently healthy
individuals with occult infection, which evade detection by
current clinical assays, especially when testing is done on
single serum or plasma samples[9,46].

CONCLUSION
The seriousness of the consequences of occult HBV
infection is yet not fully recognized. Accumulated evidence
indicate that occult HBV can be both a source of virus
contamination in blood and organ donations, as well as the
reservoir from which full blown hepatitis can arise. The
oncogenic potency of occult HBV persistence becomes
progressively evident. This silent infection can also affect
the progression and outcomes of other viral diseases,
particularly hepatitis C. It can be expected that while the
burden of CHB will decrease with time due to introduction
of more effective antiviral therapies, occult HBV infection
could become a main concern. Understanding in its
entirety of the nature and consequences of this form of
HBV persistence should be of a high priority and this
quest has already been initiated.
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Abstract
Non-specific abdominal complaints are a considerable
problem worldwide. Many patients are affected and
many differential diagnoses have to be considered.
Among these, carbohydrate malabsorption seems
to play an important role. However, so far, only
incomplete absorption of lactose is broadly accepted,
while the malabsorption of fructose and sorbitol is still
underestimated, although in many parts of the world it
is much more frequent. Despite the success of dietary
interventions in many patients, there are still a lot of
unanswered questions that make further investigations
necessary.
© 2007 WJG . All rights reserved.
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INTRODUCTION
The incomplete absorption of carbohydrates may cause
serious problems for the affected patients, and is a frequent
cause of so-called non-specific abdominal complaints.
Non-specific abdominal complaints are characterized by a
lack of morphological or biochemical abnormalities in the
affected patients[1,2]. These complaints are a major problem
throughout the world, with up to 30% of the population in
Western countries being affected. Although only a minority
seek medical attention, some 20%-50% of patients are
referred to gastroenterologists so because of these non-

specific complaints[2]. A study in Germany[3] has reported
similar data, with 30% of the population being affected.
A quarter of the patients required medical treatment, and
no other diagnosis could be established in two-thirds of
the cases. Similar findings have been described in Africa[4];
the rates appear to be lower in Asia, although they are
still substantial, with a prevalence of up to 10% being
reported[5].
There is a wide range of symptoms; the predominant
ones are pain, flatulence, constipation and diarrhea. These
symptoms should always be distinguished from those such
as anemia, weight loss, bleeding and fever, which may
indicate more dangerous conditions[6].

CARBOHYDRATE MALABSORPTION
Pathogenesis
Carbohydrates are a major source of calories in the diet.
They may be ingested as monosaccharides, disaccharides,
oligosaccharides or polysaccharides. During their passage
from the mouth to the small intestine, they are broken
down enzymatically until, in the small intestine, brushborder enzymes hydrolyze them into monosaccharides,
which can be absorbed by various carrier systems[7].
The most important carbohydrates that routinely
cause clinical abdominal complaints are lactose, fructose,
and the sugar alcohol sorbitol. Lactose has long been
recognized as one of the most important nutrients, and
fructose and sorbitol have become increasingly important
following recommendations to increase fr uit and
vegetable consumption, and also as a result of their use
as sweeteners in dietary preparations and so-called sugarfree sweets. Further disorders such as sucrase-isomaltase
deficiency or lack of trehalase are rare or only of regional
importance, and are not discussed in this paper, although
in affected patients, diets free from these sugars are very
successful.
Malabsor ption may result from cong enital or
acquired defects of single transport systems (primary
malabsorption), or from impairment of the epithelial
surface of the small intestine, due to general intestinal
diseases such as celiac disease or Crohn’s disease, which
impede the absorption of all carbohydrates (secondary
malabsorption). In secondary malabsorption, treatment is
directed at the underlying disease, and successful therapy
can lead to the normalization of carbohydrate absorption.
In primary malabsorption, selective interventions are
necessary.
Lactose is split by the enzyme lactase (β-dwww.wjgnet.com
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galactosidase), derived from the brush border of the
enterocytes, into galactose and glucose, which can be
absorbed by a special carrier system. The most frequently
associated deficiency is primary lactase deficiency in
adults. In these patients, lactase activity gradually declines
during early life, and symptoms may occur as early as late
childhood. Congenital lactase deficiency is rare and already
affects neonates[8].
Several carriers, such as the GLUT family, are known
to be involved in the transport of monosaccharides.
GLUT-5 is the most important carrier currently known for
the absorption of fructose. A deficiency in GLUT-5 leads
to incomplete absorption or malabsorption of fructose[9,10].
Sorbitol is only sparsely absorbed, and is therefore used
therapeutically as an osmotic laxative. Absorption is
thought to take place through passive diffusion[11-13].
Congenital and acquired deficiencies are recognized.
An important aspect is that the presence of glucose
stimulates GLUT-5 activity, while sorbitol blocks it [9].
These data from animal intestinal perfusion tests (in
most cases rat jejunum) confirm previous clinical and
experimental data, which show that addition of glucose to
fructose in patients known to have fructose malabsorption
can prevent malabsorption, and suppress the occurrence
of the accompanying symptoms. In contrast, the presence
of sorbitol may ag g ravate malabsorption and the
symptoms[13-17]. However, the mechanisms of carbohydrate
absorption are still not completely understood.
There are also data that indicate an additional role for
other factors in fructose metabolism, such as GLUT-2,
which is capable of stimulating absorption[10].
Prevalence
Lactase deficiency is the most common enzymatic defect
worldwide, although there are considerable regional
differences in its prevalence. The majority of people in
Asia and Africa, as well as the aboriginal populations of
America and Australia, are affected, while in Europe, there
are very low rates (under 10%) in the north, with a strong
increase (up to 70%-100%) in regions further south, such
as in Italy and Turkey.
T here have been many studies re por ting high
malabsorption rates for fructose and sorbitol. Depending
on the dosage and concentration, the reported data
are closely comparable. After the ingestion of 50 g
fructose dissolved in 250 mL water (corresponding to
the traditional lactose test), there are malabsorption rates
of about 60%-70%[15,18,19], while the rates are about 40%
after a dosage of 25 g in 250 mL, the concentration now
most commonly used[14,20]. Similar values have also been
documented in children[21,22]. With regard to sorbitol, the
test dosages used are less standardized, but even after an
intake of 10 g, malabsorption rates can reach 100%[12,19,23].
For all of these sugars, it should be noted that the
malabsorption rates are quite similar in patients and healthy
controls. While some 50% of those with malabsorption
of fructose and sorbitol have no concomitant symptoms,
the symptomatic rates for lactose malabsorption are much
more varied, with only a few people being symptomatic in
some populations, despite high malabsorption rates.
www.wjgnet.com

   November 21, 2007

Volume 13 Number 43

Symptoms
The clinical symptoms of carbohydrate malabsorption
include flatulence, abdominal cramps and pain, diarrhea,
and sometimes even headache, usually after the ingestion
of a product containing the incompletely absorbed
sugar. There are no symptoms specific for a single sugar.
However, there are data showing that, in patients (mainly
females) with fructose and sorbitol malabsorption, diet
can improve not only gastrointestinal disturbances, but
also mood[24]. An association with reduced plasma levels
of tryptophan has been discussed as a possible mechanism
for this[25].
T he g astrointestinal symptoms are thought to
be provoked by the increased osmotic load of the
sugar, with an augmented intraluminal volume (water)
and a consequent acceleration of intestinal passage.
Gas production and diar rhea occur in connection
with the bacterial flora in the colon, the unabsorbed
sugar presenting as a substrate for increased bacterial
fermentation. Moreover, the capacity of the colon to
absorb the surplus water plays a role in the pathogenesis
of diarrhea.
In view of these etiologic factors, it is of particular
interest that many patients report that initial symptoms
develop after an infection (mostly gastrointestinal) or
after antibiotic therapy, although it must be assumed that
malabsorption has been present since childhood. Irritable
bowel syndrome (which probably often includes patients
with carbohydrate malabsorption) has also been reported
to develop in connection with infections, both inside and
outside the gastrointestinal tract[26,27]. In two small series,
our own group has shown that the degradation of the
malabsorbed sugar in stool cultures correlates with the
occurrence of symptoms and a different pattern of shortchain free fatty acids[28,29].
It may therefore be speculated that the symptoms of
carbohydrate malabsorption depend on the pattern of the
colonic flora. A further argument in favor of this view is
the observation that, in volunteers in whom more than one
type of malabsorption is detected, the symptoms occur
either after each malabsorption or after none[30].
Diagnosis
Carbohydrate malabsorption can be detected using direct
or indirect methods. Using a cecal tube to measure the
amount of unabsorbed sugar after oral ingestion is
not practicable for routine purposes. Measurement of
enzymatic activity in intestinal biopsies is a valuable tool
for quantifying disaccharidase activity. It is therefore
suitable for diagnosing lactase insufficiency, but is
rarely used. Indirect methods are more widely used.
Measurement of blood sugar after lactose ingestion
was formerly a widespread method, but it declined in
importance with the introduction of hydrogen exhalation
tests. Direct measurement of ingested sugar in blood or
urine is applicable for xylose.
By far the most frequently used method nowadays
is the hydrogen exhalation test. After ingestion of the
test sugar, the amount of hydrogen in the exhaled gas
is measured. If there is incomplete absorption, part of
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the ingested sugar passes into the colon, in which it is
metabolized by bacteria into hydrogen, methane, carbon
dioxide and free fatty acids. A small amount of hydrogen
is absorbed and exhaled during the first passage through
the lungs. An increase in hydrogen of more than 20 parts
per million is considered to indicate malabsorption[31-33].
The extent of the hydrogen increase does not correlate
either with the patients’ symptoms or with the degree of
malabsorption[34]. Hydrogen tests are only able to detect
or exclude malabsorption. It should be pointed out that
to avoid false-negative results, the presence of hydrogenproducing bacteria should be confirmed by carrying out
a lactulose test (as lactulose is a disaccharide that cannot
be absorbed by humans and therefore causes an increase
in hydrogen). False-positive results due to bacterial
overgrowth or accelerated orocecal transit can also be
reduced with this test[35].
Concomitant measurement of blood glucose may
improve the accuracy of lactose tests and should be
mandatory in all fructose tests, in order to detect rare
cases of fructose intolerance, which may mimic the
symptoms of fructose malabsorption, but can cause
severe hypoglycemia and even death after the ingestion
of fructose. There is also some evidence that parallel
methane assessment may improve the accuracy of the
hydrogen test, but the data are sparse and require further
evaluation[36]. The use of 13C exhalation tests also requires
further evaluation[37].
Therapy
Avoidance of the malabsorbed sugar is still the treatment
of choice. In patients with lactose malabsorption, the
addition of lactase (most conveniently in liquids) is an
alternative, as well as the consumption of lactose-free milk
products. Patients with fructose malabsorption can choose
fruits and vegetables that have an equal ratio of fructose
and glucose. In liquids, the addition of glucose can prevent
malabsorption and its symptoms, but does not appear
appropriate from the point of view of healthy nutrition.
For sorbitol malabsorption, restricting sorbitol intake is
the best method of preventing symptoms. In the same way
that glucose can reduce malabsorption when administered
along with fructose, adding sorbitol to fructose may
aggravate the symptoms, and this should be taken into
account when establishing the dietary regimen. For all
sugars, small amounts are tolerated by most patients.
Ingesting them along with or after other nutrients further
improves tolerance.
The diet and its effects are often an important
method of establishing a diagnosis of clinically relevant
carbohydrate malabsorption. As mentioned above, many
people are affected by malabsorption, but by no means are
all symptomatic. Improvement after dietary adjustment
and recur rence of symptoms when dietar y er rors
occur is still the best way of confirming the diagnosis.
There have been few studies that have documented the
beneficial effects of dietary changes in patients with
fructose and sorbitol malabsorption. In addition, there are
methodological problems in all of these studies, including
those by our own group. The diet itself is sometimes
not clearly described; patient compliance with the diet is
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difficult to assess; there are no control groups, so that the
role of a placebo effect is difficult to assess; and there
are inadequacies in the way in which the patients’ dietary
behavior is recorded.
Nevertheless, the available data are fairly consistent.
In our own study, which had both prospective and
retrospective parts (in order to assess the placebo effect),
symptomatic improvement of 60%-100%, depending
on the degree of patient compliance, was observed to a
similar degree in both arms of the study[38]. FernandezBanares et al[39] have reported similar results and were able
to show that the treatment effect was long-lasting, with
the positive effects of the diet being maintained at 12
mo. Shepherd and Gibson have confirmed these data in a
group of 62 patients[40]. The largest study (so far available
only as an abstract, so far as we are aware), including
1320 patients, documented an improvement after dietary
changes in 87.5% of the patients[41]. In a more recent study
including 90 selected patients with non-specific abdominal
complaints, we observed a high rate of carbohydrate
malabsorption (lactose 34%, fructose 61%, and sorbitol
91%)[42]. After dietary information had been provided, the
patients reported significant improvement in 75% of cases,
depending on the extent of compliance. The study by
Ledochowski et al[24], which has shown that dietary changes
in patients with fructose malabsorption have a beneficial
effect on gastrointestinal complaints and also on mood,
as documented by improvements in depression score, has
already been mentioned above. However, there are also
contradictory data that show that only avoiding one sugar
(with proven malabsorption) may not be sufficient for
patients with irritable bowel syndrome[43,44].
The phenomenon that patients with non-specific
abdominal complaints frequently report improvement
in their symptoms for several weeks after colonoscopy
(thought to be due to bowel preparation with cleansing of
the colon) underlines the possible role of bacteria in the
colon. Treatments involving antibiotics[45,46], attempts to
reduce colonic bacterial fermentation[47], and administration
of probiotics[48] therefore require further investigation.
Open questions
Although carbohydrate malabsorption appears to play
an important role in patients suffering from non-specific
abdominal complaints, there are several problems with
this diagnosis that should not be overlooked. In the first
place, diagnosis using hydrogen tests is still problematic,
particularly if the increase is borderline. The threshold
value of 20 p.p.m. requires further evaluation, as there
may be significant variations in methane production in the
colon, among other factors. Moreover, hydrogen tests are
not capable of quantifying the amount of malabsorption.
Symptoms do not always occur during the test, even in
patients who are considered to be symptomatic. Assessing
the clinical relevance of the diagnosis may therefore
sometimes be difficult.
The etiology of the symptoms is not fully understood.
If the data published by our own group, which show that
symptoms occur after each malabsorbed sugar or after
none (see above), are reproducible, it would theoretically
mean that no patient should become symptom-free, since
www.wjgnet.com
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physiological malabsorption of carbohydrates is essential
for the colonocytes. Moreover, if the data showing that
there is a beneficial effect of carbohydrate malabsorption
on the short-chain free fatty acid ratio, and especially on
the increase in butyrate, are confirmed[29], this might also
raise doubts about whether treatment is advantageous at
all in the longer term.

CONCLUSION
Carbohydrate malabsorption is a common phenomenon
not only in patients, but also in healthy individuals. In
patients suffering from non-specific abdominal complaints,
it is therefore very difficult sometimes to clarify whether
the malabsorption that has been detected is definitely the
cause of the symptoms. On the other hand, many patients
with these symptoms and confirmed malabsorption appear
to benefit considerably from dietary interventions, thus
underlining the importance of diagnosing carbohydrate
malabsorption. Another advantage of diagnostic workup, including hydrogen exhalation tests, is that the results
may provide evidence of other diseases that feature in
the differential diagnosis of non-specific abdominal
complaints, such as intestinal bacterial overgrowth or
alterations in the orocecal transit times.
As pointed out above, however, there are still a
considerable number of open questions in this field, so
that further controlled studies are urgently necessary.
The first step for the scientific community is to accept
that, in addition to the widely accepted condition of
lactose malabsorption, malabsorption of other sugars
such as fructose and sorbitol also occurs and may be at
least as important, or perhaps even more, than lactose
malabsorption.
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Abstract
AIM: To screen out the differentially methylated DNA
sequences between gastric primary tumor and metastatic
lymph nodes, test the methylation difference of gene
PTPRG between primary gastric tumor and metastatic
lymph nodes, and test the regulatory function of 5-aza2-deoxycytidine which is an agent with suppression on
methylation and the level of methylation in gastric cancer
cell line.
METHODS: Methylated DNA sequences in genome were
enriched with methylated CpG islands amplification (MCA)
to undergo representational difference analysis (RDA),
with MCA production of metastatic lymph nodes as
tester and that of primary tumor as driver. The obtained
differentially methylated fragments were cloned and
sequenced to acquire the base sequence, which was
analyzed with bioinformatics. With methylation-specific
PCR (MSP) and RT-PCR, methylation difference of
gene PTPRG was detected between primary tumor and
metastatic lymph nodes in 36 cases of gastric cancer.
Methylation of gene PTPRG and its regulated expression
were observed in gastric cancer cell line before and after
being treated with methylation-suppressive agent.
RESULTS: Nineteen differentially methylated sequences
were obtained and located at 5’ end, exons, introns
and 3’ end, in which KL59 was observed to be located
at 9p21 as the first exon of gene p16 and KL22 to be
located at promoter region of PRPRG . KL22, as the
probes, was hybridized with driver, tester and 3-round
RDA products respectively with all positive signals
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except with the driver. Significant difference was
observed in both methylation rate of gene PTPRG and
PTPRG mRNA expression rate between primary tumor
and metastatic lymph nodes. Demethylation of gene
PTPRG , with recovered expression of PTPRG mRNA, was
observed after gastric cancer cell line being treated with
methylation-suppressive agent.
CONCLUSION: Difference exists in DNA methylation
between primary tumor and metastatic lymph nodes
of gastric cancer, with MCA-RDA as one of the good
analytical methods. Significant difference exists in
methylation of gene PTPRG between primary tumor and
metastatic lymph nodes of gastric cancer. Methylation
level in gastric cancer cell line can be decreased by
5-aza-2’-deoxycytidine, which is the methylationsuppressive agent, with PTPRG expression being
recovered.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Metastasis of gastric cancer, at the genetic level, is caused
by mutations or loss of corresponding cancer suppressor
genes, while at epigenetic level it is caused by low
expression of metastasis-suppression genes due to multiple
reasons, in which gene hypermethylation is an important
mechanism [1-3]. A genome with methylation at CpG is
usually accompanied by inactivation of genes in that
region. If not, on the contrary, it is usually accompanied
by active expression of genes in the region. The aberrant
hyper methylation of CpG islands in transcription
regulatory region of metastasis-inhibition genes relating
to gastric cancer causes these genes to be in silence and
this fact will induce the metastasis of gastric cancer[4-6].
Most of previous analytic methods on methylation can
only analyze the methylation condition of a known gene,
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but cannot analyze that of a whole genome. Methylated
CpG islands amplification (MCA) methods, combined
with representative difference analysis (RDA), can analyze
effectively the condition of methylation in a whole
genome, especially good at detecting unknown methylated
fragments.
In this research, gene methylation difference was
detected between primary tumor and metastatic lymph
nodes of gastric cancer using MCA-RDA method,
to screen out genes relating to metastasis of gastric
cancer, which further underwent analysis on methylation
difference with methods, including methylation-specific
PCR, in order to define further the mechanism of
metastasis of gastric cancer.

MATERIALS AND METHODS
Subjects
Pathological specimens, including tumor tissues and
metastatic lymph nodes, taken from 36 gastric cancer
patients hospitalized in Surgical Oncology Ward of the
First Affiliated Hospital of China Medical University, were
included in this study. The tumor tissues and suspected
metastatic lymph nodes, after resecting from the patients,
were promptly placed into a liquid nitrogen tank. Each
tumor tissue and lymph node was cut into two pieces, one
piece was kept in liquid nitrogen and the other underwent
HE pathological staining to examine whether a true
metastasis had occurred. In addition, gastric cancer line
SGC7901 was also included in this study.
Extraction of DNA and total RNA
Hydroxybenzene-chloroform extraction method was
adopted to extract DNA of the genome, and total RNA
was extracted with TRIZOL reagent according to the
manufacturer’s instruction.
MCA
MCA was adopted to obtain CpG islands enriched with
methylation. The CpG island region of DNA mixture
extracted from tumor tissues and metastatic lymph
nodes of 5 cases of gastric cancer were enriched with
MCA, respectively. Firstly, 5 μ g of DNA of genome
was digested with 100U SmaI endonuclease (provided by
NEB, not functional on methylated sites) for 6 h to cut
the unmethylated -CCCGGG- sites to form the blunt
ends, and also digested with 20U XmaI enzyme (provided
by NEB) for 16 h to cut the methylated -CCCGGGsites to form the sticky -CCCGGG- ends. Then T4DNA
(Promega) was used to connect corresponding adaptor
RXMA 24/12, with RXMA24 fragment as the primer
to amplify the DNA fragments with adaptor, which
were incubated for 5 min at 72℃, followed by predenaturalization for 3 min at 95℃, 30 amplification cycles
for 1 min at 95℃ and 3 min at 72℃, and a final extension
for 10 min at 72℃, to enrich methylated fragments of
DNA from both tumor tissues and metastatic lymph
nodes. The products were electrophoresed on 15 g/L
agarose gel containing ethidium bromide[7].
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Table 1 Adaptor used in MCA-RDA and their sequence
Adaptor

Sequence

RXMA24
RXMA12
JXMA24
JXMA12
NMCA24
NMCA12

5'-AGCACTCTCCAGCCTCTCACCGAC-3'
5'-CCGGGTCGGTGA-3'
5'-ACCGACGTCGACTATCCATGAACC-3'
5'-CCGGGGTTCATG -3'
5'-GTTAGCGGACACAGGGCGGGTCAC-3'
5'-CCGGGTGACCCG-3'

RDA
The methylated DNA fragments obtained from tumor and
metastatic lymph nodes were underwent representative
difference analysis. The adaptor of methylated CpG
fragments taken from tumor and metastatic lymph nodes
was cut-off with SmaI being used for tumor tissue to
form blunt ends as the driver, and with XmaI being used
for metastatic lymph nodes to form sticky ends to be
connected with new ends as the tester. Tester and driver
were underwent 3 cycles of hybridization RDA analysis
in a ratio of 1:80, 1:400 and 1:800, respectively. After
each analysis, the adaptor was cut off with XmaI, with
new adaptor being added. The adaptors used in the 3
cycles of analysis were NMCA24/12, JXMA24/12 and
NMCA24/12, with different extension temperature for
different connectors. The sequence of each connector is
listed in Table 1. The products were analyzed on 15 g/L
agarose gel containing ethidium bromide[8].
Cloning, sequencing and analysis of similarity
Products of the 3rd cycle of RDA analysis as well as pCAT
®
3-Control carrier (Promega) were treated with XmaI to
cut their ends into sticky ones, which were connected with
T4 ligase and transformed into competent bacteria JM109
for incubation with matrix containing Ampicillin. Positive
clones were selected and cultivated in matrix containing
antibiotics at 37℃. Then plasmid DNA was extracted,
and was underwent to cleavage with XmaI, and to
electrophoresis; then the more than 100 bp and the clones
of more than 100 bp cleavage products were selected and
delivered to bio-company (Combined Gene Company)
for sequencing. The obtained sequence were underwent
repeated sequence analysis with Repeatmasker. BLAST
system was used to carry out similarity analysis, with
relationship between cloned sequence and corresponding
genes being analyzed via GenBank.
Dot blot
The differentially methylated fragments of KL22
obtained from MCA-RDA analysis were labeled with
digoxin, using random primer method to form the probe.
With this latter hybridization analysis was carried out on
the 1st, 2nd, 3rd round RDA. MCA products of tumor or
metastatic lymph nodes, respectively, in a volume of 5 μL
for each sample, were dotted onto nylon membrane with
positive electricity.
Cell cultivation and methylation intervention
Gastric cancer cell line was subcultured according to
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5'-GTTCGTTCGTTTTTTCGTTC-3'
5'-CATACTCCTAAAAATTATAACTCCGAC-3'

Unmethylated primers 5'-TTTTGTTTGTTTGTTTTTTTGTTTG-3'
5'-AATCCATACTCCTAAAAATTATAACTCCA-3'

1000 bp
500 bp

Table 3 RT-PCR primers of PTPRG gene
PTPRG primer

5'-CTAATAAGGGATGTTCACATGAAGC-3'
5'-CTGTATTTTAATGGAGTGGATAGCA-3'

β-actin primer

5'-AAATCGTGCGTGACATTAA-3'
5'-CTCGTCATACTCCTGCTTG-3'

standard methods and then randomized into two groups,
one of them was treated with 5 μ mol/L 5-Aza-2’
-deoxycytidine and cultured for 5 d.
Methylation-specific PCR (MSP)
Sodium hydrogen sulfite was used for DNA modification,
and then sodium hydrogen sulfite was eliminated from
DNA with Wizard DNA Clean-up kit (Promeg a).
The samples were amplified through 30 cycles, each
amplification cycle consisting of denaturation at 95℃
for 40 s, primers annealing at 65℃ (unmethylation) or at
60℃ (methylation) for 40 s and extension at 72℃ for 60 s.
Cycles were preceded by incubation at 95℃ for 3 min
to ensure full denaturation of the target gene, and finally
by an extra incubation at 72℃ for 10 min to ensure full
extension of the products. PCR was carried out with
methylated primer and unmethylated primer, respectively.
The primers adopted are listed in Table 2. The PCR
products were analyzed on 20 g/L agarose gel[9].
RT-PCR
RNA was reverse transcribed into cDNA as the template,
which was amplified through 30 cycles, each amplification
cycle consisting of denaturation at 94℃ for 40 s, primers
annealing at 57℃ for 30 s and extension at 72℃ for 60 s.
Cycles were preceded by incubation at 94℃ for 2 min
to ensure full denaturation of the target gene, and finally
by an extra incubation at 72℃ for 10 min to ensure full
extension of the products.
Meanwhile, β-actin was adopted as internal control.
The sequences of primers are listed in Table 3. The
products were electrophoresed on 15 g/L agarose gel.
Statistical analysis
Chi-square test was adopted to verify the difference of
PTPRG methylation rate and PTPRG mRNA expression
between gastric tumor and metastatic lymph nodes, as well
as the difference on absent expression of PTPRG mRNA
between negative and positive group of methylated
nodular PTPRG. Rectilinear regression was used to test
the correlation between PTPRG methylation rate and
metastatic lymph nodes number. SPSS11.0 software was
used to process the data.
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100 bp

Figure 1 Methylated CpG islands amplification (MCA) and representational
difference analysis (RDA). M: Marker; Ca: MCA products of gastric cancer
tissues; LN: MCA products of metastatic lymph nodes; lanes 1-3: The 1st to the
3rd round RDA products. After methylated CpG islands amplification (MCA) of
genome DNA of primary tumor and metastatic lymph nodes, bright smears were
observed between 300 bp and 2000 bp, which were the concentrated methylated
CpG islands. From the 1st to the 3rd cycle of analysis, fragments with methylation
difference decreased gradually and the straps gradually became clear. In the 3rd
RDA analysis, 5 straps of different methylation were observed.

RESULTS
MCA
After methylated CpG islands amplification (MCA) of
genome DNA of primary tumor and metastatic lymph
nodes, bright smear was obser ved between 300 and
2000 bp, which were the concentrated methylated CpG
islands (Figure 1).
RDA
MCA products of metastatic lymph nodes were adopted
as the tester and MCA products of primary tumor as the
driver to carry out 3 cycles of RDA analysis, which resulted
in 100-500-bp fragments with methylation difference.
From the 1st to the 3rd cycle of analysis, fragments with
methylation difference decreased gradually and the straps
gradually became clear. In the 3rd RDA analysis, 5 straps of
different methylation were observed (Figure 1).
Cloning, sequencing and analysis on homology
Ninety-six positive clones were selected to undergo
sequencing analysis, 19 of them demonstrated the
sequence longer than 100 bp. KL8 appeared for 21 times,
while KL22 11 times, KL59 4 times, and both KL40 and
KL71 for twice. No repeated sequence, such as ALU, was
found after repeated sequencing analysis. Table 4 shows
the 19 sequence characteristics. All sequences were of
length between 100 bp and 400 bp, with GC content
beyond 50%. Analysis showed these fragments to be
distributed into various regions in the genome, including
5’ ends, exons, introns and 3’ ends, in which KL59 was
situated at 9p21 as the first extron of gene p16, with 100%
similarity rate, and KL22 was situated at 3p21, in the
promoter region of gene PTPRG.
Dot blot
KL122 sequence was labeled with digoxin to form the
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Table 4 Features of fragments with different methylation
Fragment

Length (bp)

GC %

CpG/GpC

Chromosome Positioning

Similarity rate %

S

E

KL2
KL5
KL6
KL8
KL14
KL19
KL22
KL23
KL33
KL40
KL55
KL59
KL68
KL71
KL74
KL79
KL82
KL87
KL95

198
106
159
194
347
258
332
287
136
255
268
282
251
213
341
225
403
275
360

55.0
71.2
59.4
61.1
72.3
58.3
64.1
70.7
53.2
66.2
65.6
64.5
62.5
69.9
69.5
61.3
67.4
51.9
70.8

0.5625
0.7142
1.0714
0.8461
0.9811
0.7692
0.7027
1.0606
0.9629
1.1428
0.7894
0.6471
0.6000
0.8260
0.7317
0.4782
0.8043
1.0000
0.7608

1q23.1
15
1p36.31-36.23
2q33.3
4p15
5p15.1
3p21
1q42.1-43
2p24.3-24.1
4p16.1
18
9p21
4
10p12.1
9p21
13q13
8q21.2
11
Xp22.3

100
100
98
99
100
97
99
98
100
99
92
100
87
100
99
98
99
97
100

404
222
141
396
585
480
527
458
129
404
231
571
173
434
668
458
383
515
726

e-110
e-56
2e-31
e-108
e-165
e-133
e-147
e-126
6e-28
e-110
e-152
e-160
4e-39
e-119
0
e-127
e-104
e-144
0

1

2

Gastric cancer tissues
Metastatic lymph nodes
M   u m u   m u m u m u m u m u   m u m u m u   m  u m u   m

3
500 bp
200 bp
100 bp

4

5

6

Figure 3 Methylation-specific PCR (MSP) of gene PTPRG. M: Marker; u:
Unmethylated (158 bp); m: Methylated (150 bp). A positive band was observed at 158
bp of non-methylation PCR of primary tumor, with a positive rate of 77.78% (28/36),
while that of metastatic lymph nodes was 63.89% (23/36). A positive strap was
observed at 150 bp of methylation PCR of metastatic lymph nodes, with a positive rate
of 52.78% (19/36), while that of primary tumor was 25.0% (9/36) (P < 0.05).

Figure 2 Dot blot analysis. 1: Positive control; 2: MCA products of gastric cancer
tissues; 3: MCA products of metastatic lymph nodes; and 4-6: the first to the third
round RDA products. KL122 sequence was labeled with digoxin to form the probe;
with this latter the three rounds MCA-RDA products were undergone hybridization
analysis with testers and drivers. Positive results were observed in all products of
the three-round RDA as well as in testers, while negative one in drivers.

probe, with which the three rounds MCA-RDA products
underwent hybridization analysis with testers and drivers.
Positive results were observed in all products of the
3-round RDA as well as in testers, while negative one in
drivers (Figure 2).
Gene PTPRG methylation rate of primary tumor and
metastatic lymph nodes of gastric cancer
A positive band was obser ved at 158 bp of nonmethylation PCR of primary tumor, with a positive rate of
77.78% (28/36), while that of metastatic lymph nodes was
63.89% (23/36) (P > 0.05). A positive strap was observed
at 150 bp of methylation PCR of metastatic lymph nodes,
with a positive rate of 52.78% (19/36), while that of
primary tumor was 25.0% (9/36) (P < 0.05) (Figure 3 and
Table 5). Linear correlation was observed between MSP
positive rate of metastatic lymph nodes and the number
of metastatic nodes (r = 0.882, P < 0.001, Figure 4).

Table 5 Methylation and mRNA expression of gene PTPRG n (%)
Tissue

PTPRG gene methylation
U

Primary tumor
Metastatic lymph nodes
Before cell line treatment
After cell line treatment

28 (77.78)
23 (63.89)
+
+

M
9 (25.0)
19 (52.78)a
+
-

PTPRG mRNA
expression
18 (50.0)
9 (25.0)a
+

a

P < 0.05. U: Unmethylation; M: Methylation.

A positive strap was observed at 177 bp in RT-PCR
of gene PTPRG of primary tumor, with a positive rate of
50.0% (18/36) and a 177-bp positive band was observed
in metastatic lymph nodes, with a positive rate of 25.0%
(9/36) (P < 0.05), (Figure 5, Table 5).
Relationship between methylation of PTPRG in metastatic
lymph nodes and absent expression of mRNA
Among 19 cases of positive PTPRG methylation in
metastatic lymph nodes, there was only one case of
positive expression of PTPRG mRNA, with the positive
rate of 5.26%, while 9 cases of positive expression existed
among 17 cases of negative PTPRG methylation, with the
positive rate of 52.9% (P < 0.01), (Table 6).
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Figure 4 Relationship between number of metastatic lymph nodes and positive
rate of PTPRG methylation.

Figure 6 Methylation-specific PCR (MSP) of gene PTPRG in gastric cell line
before and after the treatment with 5-aza-2'-deoxycytidine. M: Marker; U:
Unmethylated; M: Methylated. Before the treatment, a positive band was observed
at 158 bp in unmethylated PCR, while a positive band was seen at 150 bp in
methylated PCR of gastric cancer cell line. After the treatment, a positive band
was also observed at 158 bp in unmethylated PCR, but no positive band was seen
in methylated PCR.

M Gastric cancer tissues Metastatic lymph nodes β-actin
500 bp
200 bp
100 bp

Figure 5 PTPRG mRNA expression of gastric cancer tissues and metastatic
lymph nodes. M: Marker. Gastric cancer tissues: Products of PTPRG gene (177
bp) of gastric cancer tissues; Metastatic lymph nodes: Products of PTPRG gene
(177 bp) of metastatic lymph nodes; β-actin: 483 bp. RT-PCR showed a positive
strap at 177 bp in gene PTPRG of primary tumor, with a positive rate of 50.0%
(18/36), while a 177-bp positive band was observed in metastatic lymph nodes,
with a positive rate of 25.0% (9/36) (P < 0.05).

PTPRG methylation level and its mRNA expression in
gastric cell line SGC7901 before and after the treatment
with 5-aza-2’-deoxycytidine
Before the treatment, a positive band was observed at 158
bp in unmethylated PCR, while a positive band was seen at
150 bp in methylated PCR of gastric cancer cell line. After
the treatment, a positive band was also observed at 158
bp in unmethylated PCR, but no positive band was seen
in methylated PCR (Figure 6, Table 5). PTPRG mRNA
expression of cell line was negative before treatment, while
a weak positive band was seen at 177 bp after treatment
(Figure 7, Table 5).

DISCUSSION
Based on previous researches, a group containing methyl
exists in every 100 nucleotide acids in human DNA,
which is usually combined onto 5’-C position. Almost
all methylated cytosine residues appear on the 5’-GC-3’
nucleotide acid in the symmetrical sequence. This kind of
sequence is not randomly distributed, but concentrated
to GC-enriched islands (CpG islands), which usually
situates at the position in or near transcription regulatory
region. Sensitivity of methylation on all CpG is not the
same, and the methylation level at the site of CpG can
be changed [10-12]. Prevalent hypomethylation and local
hyper methylation exist in genome of cancer tissue,
for example, hypermethylation on promoters of p16,
E-cadherin, and genes encoding hormone receptors and
genes of DNA repair, and genes inhibiting the genesis of
blood vessels may induce the absent or low expression of
these gene and improve the oncogenesis and metastasis.
Therefore, research on methylation of genome provides
www.wjgnet.com
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Figure 7 PTPRG mRNA expression of cell line before and after the treatment
with 5-aza-2'-deoxycytidine. M: Marker; Pre-treated RT: PTPRG mRNA expression
before the treatment with 5-aza-2'-deoxycytidine; Post-treated RT: PTPRG mRNA
expression after the treatment with 5-aza-2'-deoxycytidine.

Table 6 The relationship between PTPRG methylation in
metastatic lymph nodes and absent expression of mRNA.
PTPRG methylation
+
-

PTPRG mRNA expression (%)
+
1 (5.26)
18 (94.73)
9 (52.94)
8 (47.05)

2
χ = 10.17, P < 0.01.

a new route to study the oncogenesis and metastasis of
cancer[13-17].
MCA technique is a new approach which has recently
been adopted for research on gene methylation, which
can be applied promptly and efficiently to the research on
the whole genome methylation, with specific advantage
especially for research on methylation condition of
various unknown genes. Through the optimization of
PCR condition, it is almost fit for every gene containing
two adjacent SmaI restriction sites. The content of CpG
is different in CpG islands, so different PCR primers
and reaction conditions are needed, such as RXMA
and RMCA. Thus RXMA seems to be more fit for this
research. Through the optimization on the reaction
condition, RXMA may yield MCA product steadily. It
needs to point out that high quality sample of DNA is
needed for MCA experiment, so generally wax-embedded
sample is not considered in the case, in which only some
sites can be detected, but not in total, among all sites
in the CpG islands, which is only sensitive to partially
digested products by SmaI, with distance shorter than 1000
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bp between every two SmaI constriction sites. Generally
speaking, GC content of MCA’s products is high; in this
case if only an optimized PCR reaction system is adopted
with high GC content, a satisfactory result can be made.
RDA is a relatively mature technique adopted to screen out
accurately the different fragments between two groups of
DNA. In this research, we combined MCA and RDA to
screen out the differentially methylated fragments between
primary tumor and metastatic lymph nodes of gastric
cancer, to explore the gene with alteration in methylation
involved within process of metastatic lymph nodes. It
provides a relatively accurate method with high efficiency,
and it is fit for the primary screening out large quantities
of metastasis-suppressive genes. It may be considered a
high flux analytical method.
Phosphorylation of tyrosine residue is the important
characteristic of many cellular signals transmission,
influencing a number of vital biological processes including
growth and differentiation of cells, adjustment of cell
cycle, cell apoptosis and transference. Phosphorylation and
dephosphorylation of tyrosine are adjusted by tyrosine
kinase (TK) and tyrosine phosphatase (TP), respectively.
Despite several tyrosine kinases have been recognized to
correlate to oncogenesis directly through activating the
mutant of cells in vivo, only a small amount of tyrosine
phosphatase is known to correlate oncogenesis[18,19]. Gene
PTPRG is a member belonging to the classic tyrosine
phosphatase gene family, which includes receptor genes
and non-receptor genes. PTPRG is a member of receptor
gene, and is situated at 3p14 chromosome[20-22]. Previous
researches observed methylation extinguishments of other
genes that belong to the same family of PTPRG, such as
PTPRN2, PTPRO, etc, in hepatic cancer[23]. PTPRG mutation
is often found in colon cancer, lung cancer and kidney
cancer, with conclusive identification on the role of PTPRG
as one of tumor-inhibition genes[18,24]. However, there is a
little information in literature regarding the extinguishments
of PTPRG on epigenetic level. Based on recent studies,
its deactivation on epigenetic level occurs in skin T-cell
lymphoma. A study has demonstrated that a significant
difference exists on PTPRG methylation in metastatic
lymph nodes compared to primary tumor[9]. The silencing
of genomic induced by methylation mainly consists of the
methylation in promoter and in the first exon[9].
Methylation-specific PCR (MSP) revealed a significant
difference in the positive methylation rate of PRPGR in
primary tumor of gastric cancer (25.0%) compared to in
metastatic lymph nodes (52.78%) (P < 0.05)[25,26]; this fact
which further proved that the differentially methylated
fragments we screened out were accurate. The significant
linear correlation existing between positive rates of
methylated PTPRG and numbers of metastatic nodes
suggests that there is certain relationship between PTPRG
methylation and metastatic lymph nodes of gastric cancer.
In addition, a significant difference in PTPRG mRNA
expression was observed between primary gastric tumor
and metastatic lymph nodes, suggesting that product of
PTPRG gene exerts suppressive effect against metastatic
lymph nodes of gastric cancer. It is because of the downregulated PTPRG, that the metastatic lymph nodes of
gastric cancer was promoted.
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PTPRG methylation exists in gastric cancer cell line.
RT-PCR analysis demonstrated that PTPRG is not
expressed in the cell line. However, MSP result of the
cell line was negative and RT-PCR result was weakly
positive after treatment with 5-aza-2'-deoxycytidine as
the methylation suppressor; this fact, suggested that
methylation of this gene was suppressed after the
treatment with 5-aza-2'-deoxycytidine, so the MSP result
was negative and the expression of PTPRG was partially
recovered[27,28].
Among all 19 cases of positive methylation of PTPRG
in metastatic lymph nodes, there was only one case of
positive expression of PTPRG mRNA (positive rate of
5.26%), while among 17 cases of negative methylation
of PTPRG, there were 9 cases of positive expression
of PTPRG mRNA (positive rate of 52.9%) (P < 0.05);
this result further implies that methylation in promoter
region of PTPRG might be the mechanism of its being
distinguished. However, the concrete mechanism of this
gene involved in metastatic lymph nodes of gastric cancer
is not clear yet, and it is waiting for the further research.
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in the area of VX-2 tumor periphery or normal liver
parenchyma around tumor, increased quickly in sixteen
h after chemoembolization but, from the 16th h to
the 48th h, cellular edema in the area of normal liver
parenchyma around tumor decreased gradually and
that in the area of VX-2 tumor periphery decreased
lightly at, and then increased continually. After
chemoembolization, Cellular necrosis in the area of
VX-2 tumor periphery was more significantly high than
that before chemoembolization. The areas of dead cells
in VX-2 tumors manifested low signal and high ADC
value, while the areas of viable cells manifested high
signal and low ADC value.
CONCLUSION: DWI is able to detect and differentiate
t u m o r n e c ro t i c a re a s fro m v i a b l e c e l l u l a r a re a s
before and after chemoembolization. ADC of normal
liver parenchyma and VX-2 tumor are influenced
by intracellular edema, tissue cellular death and
microcirculation disturbance after chemoembolization.

Abstract

© 2007 WJG . All rights reserved.

AIM: To investigate dynamic characteristics and
pathological mechanism of signal in rabbit VX-2 tumor
model on diffusion-weighted imaging (DWI) after
chemoembolization.

Key words: Liver; VX-2 tumor; Diffusionweighted imaging; Apparent diffusion coefficient;
Chemoembolization

METHODS: Forty New Zealand rabbits were included
in the study and forty-seven rabbit VX-2 tumor models
were raised by implanting directly and intrahepatically
after abdominal cavity opened. Forty VX-2 tumor models
from them were divided into four groups. DWI was
performed periodically and respectively for each group
after chemoembolization. All VX-2 tumor samples of each
group were studied by pathology. The distinction of VX-2
tumors on DWI was assessed by their apparent diffusion
coefficient (ADC) values. The statistical significance
between different time groups, different area groups
or different b-value groups was calculated by using
SPSS12.0 software.
RESULTS: Under b-value of 100 s/mm2, ADC values
were lowest at 16 h after chemoembolization in area
of VX-2 tumor periphery, central, and normal liver
parenchyma around tumor, but turned to increase with
further elongation of chemoembolization treatment. The
distinction of ADC between different time groups was
significant respectively (F = 7.325, P < 0.001; F = 2.496,
P < 0.048; F = 6.856, P < 0.001). Cellular edema
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Chen WJ. Characteristics and pathological mechanisms
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chemoembolization in rabbit liver VX-2 tumor model. World
J Gastroenterol 2007; 13(43): 5699-5706
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INTRODUCTION
Transcatheter arterial chemoembolization (TACE) is a
kind of classic interventional therapy and it is commonly
perfor med to treat the unresectable hepatocellular
carcinoma and secondary liver cancers. The major goal
of chemoembolization is to destroy the tumor. It is very
important to evaluate obviously progression of hepatic
tumors and differentiate accurately the areas and degrees
of necrotic tumor from that of viable tumor before and
after chemoembolization.
As reported, ultrasound (US), digital subtraction
www.wjgnet.com
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angiography (DSA), computed tomography (CT) and
magnetic resonance imaging (MRI) are usually used to
diagnose and evaluate the progression of hepatic tumor but
they have their respective defects. US is able to comprehend
the size, blood provision and liquefied or cystic areas of
tumor but it can not differentiate necrotic tumor from
viable tumor[1,2]. DSA can infer necrotic tumor and viable
tumor from the degree of tumor stain. CT can manifest
the areas of iodized oil and necrotic or viable tumor but,
because density of iodized oil is very high on CT, some
areas of necrotic or viable tumor are easily covered before
and after chemoembolization[3-5]. MRI is not affected by
high density of iodized oil and it is more valuable than US
and CT in evaluating the progression of the tumor and in
differentiating necrotic from viable tumor. The signals of
coagulative necrotic areas of tumor are low on T1- and T2weighted imaging after chemoembolization and there are no
enhanced in MR enhancement scanning[6-11].
Diffusion-weighted imaging is a kind of new functional
imaging technology having been developed in recent
years and it is the only one method which is able to reflect
non-woundingly water molecular diffusion in vivo. It has
been generally accepted that it is valuable in diagnosing
qualitatively and quantitatively cerebral ischemia in hyperinchoate period[12-14] and, at the same time, many studies
of hepatic pathological changes on DWI have been
reported [15-17]. ADC values of benign lesions, such as
hepatic cysts and hemangiomas, were higher than those
of malignant lesions, such as hepatocellular carcinomas
and metastases on DWI, as repor ted by Ichikawa
et al [15,16], Yamashita et al [17], Taouli et al [18], Sun et al [19].
Colagrande et al[20], indicating that the signals of tumor
coagulative necrotic areas were lower in comparison with
those of tumor viable areas. Kamel et al[21] confirmed,
in their clinical investigation of 8 case of hepatocellular
carcinomas, by image-pathology, that ADC would become
high directly with the degree of tumor cellular necrosis
increasing and that the signals of 6 tumors were higher
than those of normal parenchyma on DWI. Geschwind et
al[22] demonstrated that the signals of VX-2 tumor necrotic
areas were low and that ADC in the area of tumor necrosis
were significantly greater than those in the area of viable
tumor after chemoembolization.
As indicated by findings of above preliminar y
experiments, DWI, especially ADC, has potential values in
reflecting characteristics of liver pathological changes and
of differentiation to benign tumor from malignant one.
There has been no dynamically and image-pathologically
investigated report on the characteristics of hepatocellular
carcinomas on DWI after chemoembolization. The purpose
of our experiment is to investigate dynamic characteristics
and pathological mechanism of signal with DWI in rabbit
VX-2 tumor model after chemoembolization, which is the
most valuable animal model of hepatocellular carcinoma for
imaging investigations. Moreover the aim is to evaluate the
contribution of DWI in differentiating of tumor viable cells
to necrotic ones.

MATERIALS AND METHODS
Animals and establishment of VX-2 tumor model
Animal studies were carried out under the supervision
www.wjgnet.com
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of a veterinarian according to the guidelines on the Use
of Laboratory Animals of the Ministry of Public Health
of China. All animals were provided by the Laboratory
Animal Center of the Second Xiangya Hospital and all
protocols were approved by the Animal Use and Care
Committee of the Second Xiangya Hospital.
Forty New Zealand rabbits were included in the study.
Twenty-two were male rabbits and eighteen were female,
weighed 1.7 to 2.5 kg, aged 5 to 6 mo. All of them were
healthy. Forty-seven rabbit VX-2 tumor models were raised
by implanting the tumor directly and intrahepatically after
the abdominal cavity was opened. The VX-2 tumor strain
of rabbit was provided by the Fourth Military Medical
University.
Forty VX-2 tumor models were layered and randomly
chosen from forty-seven VX-2 tumor models and were
divided into four groups, including control group (noninterventional group, namely group A) and investigation
g roup (at the 16th h after chemoembolization, at
the 32nd h after chemoembolization, at the 48th h
after chemoembolization, namely group B, C, and D,
respectively). Otherwise, ten cases were randomly chosen
from all data were carried out by DWI for all rabbits
of group B, C and D at 6th h after chemoembolization
and the data was put into group of the 6th h after
chemoembolization, as one of investigation groups,
namely E group.
Chemoembolization protocol
After DWI at the 21st d after implantation, transhepaticartery catheterization chemoembolization was
directly and respectively carried out for all rabbits of B,
C and D group in the Animal Operating Room of the
Second Xiangya Hospital.
First, once rabbits were anesthetized by injecting
3% soluble pentobarbitone and the skin of abdomen
was disinfected, then we exposed organs of the hepatic
hilar region by incising the skin and vagina musculi recti
abdominis. Arteria coeliaca, arteria hepatica communis,
arteria hepatica propria, arteria gastroduodenalis, portal
vein etc were recognized. Second, we drew off arteria
gastroduodenalis, we occluded its distalpart and dropped a
little attenuated aethocaine on it. Third, we punctured the
arteria gastroduodenalis and put plastic transfixion pins
or scalp acupunctures into it; the top of transfixion pins
were put in arteria hepatica propria. Fourth, we fixed the
microtubular or transfixion pins and then infused iodized
oil (0.3 mL/kg) and pharmorubicin (2 mg/kg) into arteria
hepatica. At last, abdominal membrane, musculature and
cutaneous were sutured layer by layer after the liver and
other organs in abdominal cavity stopped bleeding.
Magnetic resonance imaging protocol
After animals were anesthetized by injecting 3% soluble
pentobarbitone into auriborder vein at a dose of 1
mL/kg or at different doses based on different animal
status to make sure that the breathing of animals was
slow and stable, DWI(axial) was carried respectively and
periodically out a 1.5-Tesla Signa Twinspeed MR scanner
(General Electron Medical Systems, USA) using a small
diameter cylindrical brain radiofrequency coil before
chemoembolization and at the 6th h, the 16th h, the 32nd
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Figure 1 A: The area of VX-2 tumor center; B: The area of VX-2 tumor periphery; C:
The area of VX-2 tumor outer layer; D: The normal liver parenchyma area around
tumor when the values of ADC and signals were measured on DWI and samples
were investigated pathologically.

h and the 48th h after chemoembolization. The scanning
parameters of DWI included spin echo echoplanar imaging
(SE-EPI) series, b-value 100 and 300 s/mm2, repetition
time (TR) 6000 ms, echo time (TE) 45 ms, 20 cm × 15 cm
field of view (FOV), 8 number of excitations (NEX), 2
mm thickness layer, 0.5 mm Space, 128 × 128 matrix, etc.
ADC values and signal values in the area of VX-2
tumor periphery, in the VX-2 tumor center and in the
normal liver parenchyma around tumor (Figure 1) were
obtained by using Function Software in GE workstation.
Three different regions of interest (ROIs) (50 mm2 each
area) were chosen in the area of normal liver parenchyma
(area D in Figure 1) and we measured their ADC values
and signal values. The average value of above was
considered as the ADC value or the signal value of normal
liver parenchyma around tumor. The thickness of area A
and B in Figure 1 was respectively two fifth diameter of
VX-2 tumor. By the same methods, the average value of
three different ROIs ADC values or signal values in area
B was considered as the ADC value or the signal value of
VX-2 tumor periphery area; ADC value or signal value of
area A was its ADC value or signal value of VX-2 tumor
center area. All measurements were finished cooperatively
by two senior attending physicians or associate professors.
Pathology protocol
All of the rabbits in each group were euthanized by
injecting an overdose of 3% soluble pentobarbitone into
auriborder vein when DWI was respectively carried out
before chemoembolization, and after the 16 h, the 32 h
and 48 from chemoembolization. We got layer by layer
VX-2 samples under the condition of asepsis (Figure 1)
and made them fixed in the formaldehyde solution for
24 h before being embedded in mineral wax. Each VX-2
tumor was divided into the outer layer area, the periphery
area and the center area (Figure 1) so that samples
included four parts: VX-2 tumor center area, VX-2 tumor
periphery area, VX-2 tumor outer layer area and normal
liver parenchyma around tumor.
All samples were investigated respectively under 100
× and 400 × microscope and the emphases were on
investigating cellular edema in the VX-2 tumor and normal
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liver parenchyma around tumor.
Edema index was used to estimate the degree of cellular
edema, which was the contrast of edema cell number to
total cells under microscope. Manifestations of edema
cells under microscope included cell body increasing,
unclear cellular membrane and intracytoplasm vacuolar or
ballooning degeneration; the latter was the most important
manifestation of edema cell. Two campus visualises under
400 × microscope were obtained randomly in the zone of
non-necrosis. The number of edema cells and total cell
number were counted by two external doctors not from
our study team with double blind method. Otherwise, we
investigated specially the degree of tumor cellular necrosis
and the abnormity of cell membrane. Statistical analysis
based on apparent diffusion coefficient (ADC) value
of ROIs and edema index, the distinction between
different area groups, different time groups and different
b-value groups was respectively estimated. The statistical
significance was calculated by analysis of variance
(ANOVA) or analysis of non-parameter by using SPSS
software (version 12.0; SPSS, Tokyo, Japan)

RESULTS
Image manifestations of hepatic VX-2 tumor before and
after chemoembolization
ADC values and signal values of VX-2 tumors were shown
in Table 1 and Figures 2-5.
The distinction between ADC in the area of VX-2 tumor
periphery, tumor center or normal parenchyma around tumor
was respectively significant (F = 14.366, P < 0.001; F = 4.674,
P = 0.033; F = 23.054, P < 0.001) with b-value 100 s/mm2
and with b-value is 300 s/mm2 was respectively significant
(F = 14.366, P < 0.001; F = 4.674, P = 0.033; F = 23.054,
P < 0.001). Signals in the area of VX-2 tumor periphery,
tumor center and normal parenchyma around tumor b-value
was 100 s/mm2 were higher than with b-value was 300 s/mm2
(F = 112.874, P < 0.001; F = 83.455, P < 0.001; F = 135.455,
P < 0.001).
When b-value was 100 s/mm2, the distinction of ADC
in the area of VX-2 tumor periphery, tumor center and
normal parenchyma around tumor among group A, B, C,
D and E was respectively significant(F = 7.325, P < 0.001;
F = 2.496, P = 0.048; F = 6.856, P < 0.001). The distinction
of signal in the area of VX-2 tumor periphery among
group A, B, C, D and E was significant (F = 3.005, P < 0.05)
but that in the area of VX-2 tumor center and normal
parenchyma around tumor was not significant (F = 1.399,
P > 0.05; F = 2.146, P > 0.05).
Manifestations of VX-2 tumor pathology
Observed by the naked eye, most surfaces of normal hepatic
parenchyma around VX-2 tumor were paler in investigation
group than those in control group and there was embolization
of unequal areas but well-circumscribed. The tumors were hard
and there was clear demarcation. The cavities of unequal size
were found in the area of VX-2 tumors because kermesinus
liquid had run off after the tumors werfae cut open.
Under microscope, some edema cells containing
ballooning degeneration were observed in the area of
normal parenchyma around VX-2 tumor. Inequality
www.wjgnet.com
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Table 1 ADC values of tumor and normal parenchyma after Chemoembolization
Group

VX-2 tumor periphery areas

Control
6h
16 h
32 h
48 h
Total

VX-2 tumor center areas

Hepatic normal parenchyma

b = 100

b = 300

b = 100

b = 300

b = 100

b = 300

1.71 ± 0.27
1.56 ± 0.40
1.24 ± 0.22
1.48 ± 0.37
1.57 ± 0.23
1.51 ± 0.33

1.48 ± 0.23
1.36 ± 0.18
1.12 ± 0.20
1.23 ± 0.16
1.40 ± 0.18
1.32 ± 0.23

1.77 ± 0.36
1.97 ± 0.49
1.56 ± 0.40
1.99 ± 0.32
2.04 ± 0.54
1.87 ± 0.45

1.55 ± 0.30
1.79 ± 0.37
1.69 ± 0.35
1.66 ± 0.31
1.82 ± 0.27
1.70 ± 0.32

2.71 ± 0.42
2.44 ± 0.53
2.10 ± 0.54
2.10 ± 0.49
2.43 ± 0.33
2.36 ± 0.51

2.30 ± 0.40
1.87 ± 0.31
1.65 ± 0.37
1.97 ± 0.29
2.06 ± 0.23
1.97 ± 0.38

Data are expressed as mean ± SD × 10-3 mm2/s; ADC: Apparent diffusion coefficient.
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Figure 3 Signal values on DWI when area and b-value was different after
chemoembolization. Areas: 1-signal of VX-2 tumor periphery area when b-value
was 100 s/mm2; 2-signal of VX-2 tumor center area when b-value was 100 s/mm2;
3-signal of the normal liver parenchyma area around tumor when b-value was
100 s/mm2; 4-signal of VX-2 tumor periphery area when b-value was 300 s/mm2;
5-signal of VX-2 tumor center area when b-value was 300 s/mm2; 6-signal of the
normal liver parenchyma area around tumor when b-value was 300 s/mm2.
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Figure 2 ADC values of different areas on DWI after chemoembolization. A:
B-value was 100 s/mm2; B: B-value was 300 s/mm2.

of size, round or ellipse or strip tumor nests could be
observed in different areas of VX-2 tumor. The degree of
cell edema and necrosis were more obvious in group B,C
and D (after chemoembolization) than group A (before
chemoembolization), the necrotic areas were more in the
area of VX-2 tumor center than those in the area of tumor
periphery or tumor outer layer, and most areas of tumor
center were necrotic in some VX-2 tumors.
Edema cells showed their volume increased obviously,
kytoplasm dyeing thinly and obvious ballooning degeneration
(Figure 6 and 7). Dynamical information of cellular edema
and necrosis were counted in Tables 2 and 3.

DISCUSSION
The signal and ADC characteristics of many hepatic
www.wjgnet.com

pathological changes on DWI have been reported in
recent years [23-26] . DWI has significant and potential
clinical application values in detecting, diagnosing and
differentiating tumors earlier. From what has been
determined when DWI was investigated by Yuan et al in
rabbit liver VX-2 tumor model, VX-2 tumor is a solid
tumor and its body mainly consists of tumor nests and
other cells so that its water molecule diffusion motion is
obviously restricted, the signal of them is significantly high
and ADC is significantly low.
The signals in VX-2 tumors were higher than those
in the area of normal parenchyma around tumor while
ADC values were lower than those in the area of normal
parenchyma after chemoembolization, and the tendency
of the signal and ADC in VX-2 tumors and in the area of
normal parenchyma was basically the same. The signals
in VX-2 tumors were uneven, the signals in the area of
tumor center were lower than that in the area of tumor
periphery, while those in the 48 h after chemoembolization
were lower than that before chemoembolization. The
areas of low signal and high signal were observed in
VX-2 tumor and ADC of them was higher than that in
the equal signal area of VX-2 tumor or in the area of
normal parenchyma. Accordingly with pathology, the
areas of low signal in VX-2 tumor were coagulation
necrosis, those of high signal were liquid or cystic tissue,

Yuan YH et al . Mechanism on DWI after chemoembolization in rabbit liver VX-2 tumor
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B

Figure 4 Image manifestations of hepatic VX-2 tumor on DWI and ADC map when b-value was 100 s/mm2 at 6 h after chemoembolization A: High signal and distinct
margin of VX-2 tumor on DWI; B: Low signal of it on the ADC map.

A

B

Figure 5 Image manifestations of hepatic VX-2 tumor on DWI and ADC map when b-value was 100 s/mm2 at 48 h after chemoembolization A: High and uneven signal and
distinct margin of VX-2 tumor on DWI; B: Low and uneven signal of it on the ADC map.

and other areas except low signal and high signal areas
in the lump were viable tumor cells. Moreover, necrotic
areas in VX-2 tumors after chemoembolization were more
than those before chemoembolization. When coagulation
necrosises/necroses takes place in the tumor because
of insufficient blood provision, cellular membrane will
break and the limitation of water molecular motion in the
tumor decreases greatly so that the signals is reduced while
ADC values are upgraded. After coagulation necroses
have been liquefied or become cystic, cell lysis and leakier
cell membranes can no longer compartmentalize water
molecules and allow free diffusion to take place so that
ADC values increase greatly. Nyway the signals of above
mentioned liquefied or cystic areas are higher than those
of coagulative necrosis areas, even viable tumor areas or
normalparenchyma. It can be explained by the presence
of greater amounts of extracellular water molecules
within the necrotic region which is a kind of long T2value contribution constitution and the b-value is 100
or 300 s/mm 2, a small b-value, in diffusion-weighted
imaging scanning so that the signals of above are affected
significantly by “shine-through”.
At 6 h after chemoembolization, the signals in the area
of tumor centers decreased slightly while ADC increased
slightly, the signals in the area of tumor periphery and
normal parenchyma increased significantly while ADC
decreased at different degrees. However, pathology
demonstrated that the degree of cellular necrosis in the
area of normal parenchyma before chemoembolization
was the same of that after chemoembolization while in the
area of tumor periphery areas before chemoembolization
was much more than after chemoembolization.

Accordingly with what discussed above, the signal
increasing and ADC decreasing cannot completely
be explained by tumor cellular necrosis after
chemoembolization. The dynamic mechanisms of water
molecular diffusion decreasing and the signal increasing
while ADC values decreasing after cerebral infarction have
been investigated by many investigators in recent years,
and it is not completely comprehended yet, but most of
them demonstrated it was connected with cytotoxic edema,
microcirculation disturbance, temperature or abnormality
of cellular membrane permeability, etc[27-31]. A series of
clinical and animal experimental investigations by Xie
et al[28], Han et al[29] and Marks et al[30] have demonstrated
that the cytotoxic edema after embolization had significant
influences on the change of water molecules diffusion.
Because of dysfunctional Na-K pump due to early hypoxia
after embolization, the density of intra-cellular electrolyte
increases and then also water molecules of intra-cells
increase significantly, while extra-cell water molecules
decrease significantly, so that ADC starts decreasing while
the signal starts increasing. When intracellular edema
reaches to the biggest degree, ADC of constitution will
decrease to the lowest and it will maintain at a low degree
if intracellular edema maintains or if there are constitution
edema originating from the blood vessel. ADC of
constitution will start increasing after cellular membrane
has been broken and cells have dissolved; it will reach the
biggest when constitution has been liquefied and become
cystic.
After chemoembolization, ADC in the area of VX-2
tumor periphery and normal parenchyma decreased
quickly wuth ther bottom at biggest in the 16th h and
www.wjgnet.com
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Table 2 Dynamic information of cellular edema after
chemoembolization (%) (mean±SD)
Control
16 h
32 h
48 h
Normal
24.90 ± 11.69 72.12 ± 34.48 63.89 ± 29.87 38.00 ± 24.57
parenchyma
Tumor
18.16 ± 10.35 86.06 ± 16.01 81.18 ± 20.03 96.66 ± 4.76
periphery areas

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Before

16 h

t /h

32 h

48 h

Figure 6 Cellular edema of different areas after chemoembolization.

A

Table 3 Manifestations of VX-2 tumor pathology after
chemoembolization
Cellular membrane
0
Normal parenchyma (Control)
8
Tumor periphery areas (Control) 10
Normal parenchyma (16 h)
7
Tumor periphery areas (16 h)
10
Normal parenchyma (32 h)
7
Tumor periphery areas (32 h)
10
Normal parenchyma (48 h)
6
Tumor periphery areas (48 h)
10

Cellular necrosis

1
2

0
7

1
3

3

7

3

7

1
2
1

4

8

2

2

3

9
2
4
2
3

1

4

6

4
7

Cellular membrane: 0-clear and complete; 1-unclear and non-complete.
Cellular necrosis: 0-cellular structure existing and cellular membrane
complete; 1-many cells dissolving and cellular membrane disappearing;
2-minute cellular coagulation necrosis; 3-extensive cellular coagulation
necrosis.

B

Figure 7 A: Cell nest of VX-2 tumor and wide zone of necrosis in the tumor(x 100)
and B: cellular edema in the VX-2 tumor (x 400).

then increased gradually but they were significantly
lower in the 48th h after chemoembolization than those
before chemoembolization. Pathology demonstrated
the degree of cellular edema in the area of VX-2 tumor
and normal parenchyma were significant higher after
chemoembolization than before chemoembolization and
it reaching a peak at 16th h after chemoembolization and
then decreased gradually. The signal and ADC changes
in the area of VX-2 tumor and normal parenchyma were
significantly relative to cellular edema. The function of
Na-K pump decreases or misses because of ischemia and
hypoxia from chemoembolization and toxic action from
chemotherapeutic drug; the degree of intra-cell edema also
increases significantly after chemoembolization so that
ADC starts decreasing. With intracellular edema lessening
www.wjgnet.com

or cell breaking, ADC values will increase gradually. The
dynamic changes of ADC can reflect the degree of tumor
cellular edema and cellular necrosis.
However, after chemoembolization, ADC in the
area of VX-2 tumor periphery and normal parenchyma
increased gradually but the signals decreased gradually
from the 16th h to the 48th h after chemoembolization;
the signals were lower in the 48th h than those before
chemoembolization. Pathology demonstrated that the
degree of cellular edema in the area of normal parenchyma
reached a peak in the 16th h and then decreased gradually
but that in the area of tumor peripher y reached a
peak in the 16th h and then increased continually after
chemoembolization. The degree of cellular edema in the
area of tumor periphery was significantly lower than that in
the area of normal parenchyma. Double blood-provision
from hepatic artery and portal system plus our protocols
of transcatheter hepaticarterial chemoembolization can
explain it. Selective catheterization was not carried out
in our experiments so that ischemia and hypoxia took
place in the VX-2 tumor and normal parenchyma at the
same time and ADC decreased because of intracellular
edema. The degree of cellular edema in VX-2 tumor was
higher than that in the area of normal parenchyma after
chemoembolization because 95%-99% blood provision
of hepatocellular carcinoma comes from hepatic artery
while 70%-75% blood provision of normal parenchyma
comes from portal system and others comes from
hepatic artery. Blood provision from portal system
would recover step by step after chemoembolization so
that the degree of cellular edema in the area of normal
parenchyma decreased significantly but that in VX-2

Yuan YH et al . Mechanism on DWI after chemoembolization in rabbit liver VX-2 tumor

tumor increased continually from the 16 h to the 48 h
after chemoembolization. Otherwise, as reported by
Yang et al[31], blood provision decreasing could lead to
ADC decreasing and ADC reflected blood provision to
a certain degree when b-value was small in diffusionweighted imaging scanning. Since b-value was small in
our scanning, ADC could be affected by blood provision
after chemoembolization.
Necrotic tumor manifests low signal and high ADC
value, while viable tumor manifests high signal and low
ADC value after chemoembolization. DWI has potential
ability in detecting and differentiating viable tumor from
necrotic tumor and, besides water molecular diffusion,
intracellular edema, microcirculation disturbance and
tumor necrosis from chemoembolization are significantly
relative to ADC changing dynamically.
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Abstract
AIM: To understand the interactions between iron and
zinc during absorption in iron- and zinc-deficient rats,
and their consequences on intestinal oxidant-antioxidant
balance.
METHODS: Twenty-four weanling Wistar-Kyoto rats fed
an iron- and zinc-deficient diet (< 6.5 mg Fe and 4.0 mg
Zn/kg diet) for 4 wk were randomly divided into three
groups (n = 8, each) and orally gavaged with 4 mg
iron, 3.3 mg zinc, or 4 mg iron + 3.3 mg zinc for 2 wk.
On the last day of repletion, 3 h before the animals
55
were sacrificed, they received either 37 mBq of Fe or
65
Zn, to study their localization in the intestine, using
microautoradiography. Hemoglobin, iron and zinc content
in plasma and liver were measured as indicators of
iron and zinc status. Duodenal sections were used for
immunochemical staining of ferritin and metallothionein.
Duodenal homogenates (mitochondrial and cytosolic
fractions), were used to assess aconitase activity,
oxidative stress, functional integrity and the response of
antioxidant enzymes.
RESULTS: Concurrent repletion of iron- and zinc-deficient
rats showed reduced localization of these minerals
compared to rats that were teated with iron or zinc alone;
these data provide evidence for antagonistic interactions.
This resulted in reduced formation of lipid and protein
oxidation products and better functional integrity of the
intestinal mucosa. Further, combined repletion lowered
iron-associated aconitase activity and ferritin expression,
but significantly elevated metallothionein and glutathione
levels in the intestinal mucosa. The mechanism of
interactions during combined supplementation and its
subsequent effects appeared to be due to modulation of
cytosolic aconitase, which in turn influenced the labile
iron pool and metallothionein levels, and hence reduced
intestinal oxidative damage.

CONCLUSION: Concurrent administration of iron and
zinc corrects iron and zinc deficiency, and also reduces
the intestinal oxidative damage associated with iron
supplementation.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Iron-deficiency anemia is frequently the result of
low intake of dietary iron, and high intake of phytate
and tannins, which inhibit iron absorption. An irondeficient population can generally have zinc deficiency,
due to similar influences of various dietary factors on
iron and zinc absorption [1]. There is strong evidence
in humans that a blockage of zinc absorption is a
consequence of daily intake of high amounts of iron[2].
Studies in pregnant women also provide evidence that
the absorption of supplemental iron is lower from
multimineral antenatal supplements, particularly in the
presence of high calcium and magnesium than when it
is administered alone[3,4]. It has therefore become evident
during the past decade that deficiencies of iron and
zinc co-exist, and those vulnerable groups may benefit
from iron as well as zinc supplementation, rather than
individual supplementation with these minerals. However,
iron and zinc are known to interact, either at the site of
absorption or post-absorptively, because of competition
for similar transport pathways[5-8]. Moreover, these two
minerals have opposing effects on oxidant-antioxidant
balance in either iron- or zinc-deficient intestines [8,9].
As mineral supplementation programs are designed for
populations at risk of both iron and zinc deficiencies,
understanding of quantitative and qualitative aspects of
the potential of the two metals is critical. Iron and zinc
have been found to interact antagonistically at the site
of absorption, and this interaction helps in reducing
the iron-mediated generation of hydroxyl radicals and
www.wjgnet.com
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subsequent intestinal oxidative damage during repletion
in a single mineral deficiency[8,9]. Other cascading effects
of such interactions are the reduction of iron and
zinc uptake, aconitase activity, and ferritin expression
in the intestinal mucosa. Besides, zinc induction of
metallothionein in the intestinal mucosa helps to restore
its functional integrity[8]. However, absorption of these
two minerals is regulated at the intestinal level[10,11], and
hence the nature and extent of interactions may differ
when the deficiencies co-exist, because of molecular
adaptations that modulate the absorption of these
minerals. Therefore, in the present study, we depleted
iron and zinc in weanling rats and studied the nature
of the interactions between two metals, and their
consequences on intestinal oxidant-antioxidant balance;
finally we postulated a probable mechanism.

MATERIALS AND METHODS
Animals and diets
This study employed a typical depletion-repletion design
for understanding the potential interactions of iron
and zinc during supplementation in iron- and zincdeficient rats. The Institutional Animal Ethical and Biosafety Committee of the National Institute of Nutrition
approved the study.
Twenty-four weanling female Wistar-Kyoto rats,
(National Center for Laboratory Animal Science at
the National Institute of Nutrition, Hyderabad, India)
weighing 35-45 g, were fed an egg-albumin-based, semisynthetic, purified iron- and zinc-deficient diet (< 6.5 mg
Fe and 4.0 mg Zn/kg diet) for 4 wk (Table 1). Rats were
housed individually in polypropylene cages with stainless
steel wire floors (45 cm × 16 cm, 7.5 mm mesh, 1 mm wire
diameter) to prevent coprophagy, in a room maintained
at 23℃ and 60% humidity, with a 12-h light: dark cycle.
Deionized distilled water, in plastic bottles with stainless
steel sippers, was freely available to all rats. Body weight
was recorded weekly and blood was collected by orbital
sinus puncture for determination of iron and zinc status at
the end of depletion and repletion.
Oral repletion of iron and/or zinc
At the end of depletion phase, rats were randomly divided
into three groups and assigned to either Fe, Zn and Fe
+ Zn groups for repletion (n = 8, each). In order to
achieve complete repletion of both the minerals, while
minimizing the intestinal oxidative damage, we used a
dose of 4 mg iron and 3.3 mg zinc for repletion. Force
feeding was performed daily during the repletion period,
either with a dose of 4.0 mg iron (Fe group), 3.3 mg zinc
(Zn group) or a combination of 4.0 mg iron and 3.3
mg zinc (Fe + Zn group) in 1.0 mL 0.01 mol/L HCl,
via an orogastric plastic tube, for 2 wk [12]. During this
period, the rats were fed an iron- and zinc-deficient diet
ad libitum. The doses were prepared by dissolving FeSO4
and ZnSO4 salts, either individually or in combination, in
dilute HCl[8]. Administration of 0.01 mol/L HCl alone
to the rats had no significant effect on the parameters
studied[12]. Therefore, vehicle controls were not included in
www.wjgnet.com
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Table 1 Composition of the iron and zinc-deficient diet
Ingredient
Egg albumin powder
Cornstarch
Sucrose
Cellulose
Peanut oil
Mineral mixture1
Vitamin mixture1
DL-methionine

Concentration g/kg diet
220
293
300
40
70
35
10
4

1

Mineral and vitamin mixture were formulated according to AIN (1993), but
mineral mixture was devoid of iron and zinc salts (4.0 mg Zn and 6.5 mg
Fe/kg diet) during depletion and repletion.

the present study. All the rats were fasted for 16 h before
administering the last dose for uptake studies and for
studying various other parameters.
Uptake of iron and zinc; immunolocalization of ferritin and
metallothionein in the duodenum
Three rats, each from the Fe and Zn repleted groups, along
with six rats from the Fe + Zn repleted group (three each
for 55Fe and 65Zn) were randomly selected. Fe group rats
received 4.0 mg Fe with 37 mBq of 55Fe (specific activity,
46.9 mCi/g), Zn group rats received 3.3 mg Zn with 37
mBq of 65Zn (specific activity, 1.14 Ci/g), and the Fe + Zn
group rats received 4.0 mg Fe and 3.3 mg Zn with either
37 mBq of 55Fe (n = 3) or 37 mBq of 65Zn (n = 3) (BRIT,
Mumbai, India). The rats were killed after collecting blood.
Proximal 10-cm portion of the duodenum was excised
for mucosa collection. Samples of liver were collected
from the rats for iron and zinc determination by atomic
absorption spectrophotometry.
The tissues were placed immediately on ice, trimmed
of excess fat and mesentery, and weighed. The intestinal
segments were flushed with ice-cold saline. Of the 10-cm
portion, the first 2.0 cm was used for studying iron and
zinc uptake, and localization of their responsive proteins,
while the remaining portion was saved and processed
for obtaining mucosal homogenates. The 2.0-cm portion
was placed in 10% neutral-buffered formalin for 12 h,
washed in PBS for 24 h, using a "Swiss roll" technique[13]
to evaluate the entire longitudinal section on one slide
and embedded in paraffin at 58℃. Multiple serial sections
of 4- µ m thickness were obtained from these blocks.
These sections were dewaxed, defatted, mounted on
chrome alum-gelatin coated slides, and dip-coated with
Amersham LM1 photographic emulsion (Amersham,
UK). These were then exposed for 30 d in a light-proof
desiccator at 4℃, before developing and fixing in Kodak
D-19 developer and Kodak Rapid fix (Kodak, Rochester
NY), respectively. Sections were stained with Mayer's
hematoxylin and eosin, and then examined using a
Nikon Microfot-FX microscope (Nikon, Japan) at 100 ×
magnification, and photographed. In separate serial
sections, localization of ferritin and metallothionein was
probed using immunohistochemistry. Briefly, dewaxed and
defatted sections were incubated overnight with a 1:500
dilution of rabbit anti-rat liver ferritin[12], or 1:50 dilution
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of metallothionein antibody (Clone E9; Dako Corp,
Carpinteria, CA), or with IgG from non-immune rabbit
serum. The specific binding was detected by biotinylated
goat anti-rabbit IgG and avidin-biotin peroxidase complex
(Sigma, St. Louis, MO) using hydrogen peroxide and
diaminobenzidine. The endogenous peroxidase was
quenched with 0.3% hydrogen peroxide in 100% methanol
for 15 min. The sections were counterstained with
hematoxylin and eosin and observed by light microscopy
at 250 × magnification, and photographed.
Preparation of intestinal mucosa
We used the remaining 7-cm intestinal segment from
the radioisotope-treated animals and the whole segment
from non radioisotope-treated animals, for preparation of
intestinal homogenates. All the animals were sufficiently
repleted for 2 wk. However, radioisotope-treated animals
received an additional dose of iron and/or zinc at the
end of repletion. This single additional dose is unlikely
to contribute much to the nutrient status compared to
animals that have not received radioisotope.
The duodenal segments collected from each rat in icecold 1.15% KCl were scraped and a 10% homogenate
of the mucosal suspension was prepared in 1.15% KCl
containing 0.5 mmol/L butylated hydroxy tolune (to
prevent ex vivo peroxidation) as described previously[12]. The
homogenate was subjected to differential centrifugation
(Sorvall RC-5B, Du Pont Instruments, CT) at 800 g for 30
min, 12 000 g for 30 min, and 100 000 g for 1 h at 4℃, and
the respective supernatants were collected and stored at
-20℃ until further analysis. The protein content in these
supernatants was determined using a modified Lowry
method, with BSA as the standard.
Iron and zinc content in diet, plasma and liver
Iron and zinc concentrations in the diet, liver, mineral
solutions and plasma were deter mined by atomic
absorption spectrophotometry using a SpectrAA-400
atomic absorption spectrometer (Varian, Sunnyvale,
Melbourne, Australia). The mineral deficient diet fed to
the rats was digested with concentrated nitric acid and
70% perchloric acid by method (Ⅱ) A of the Analytical
Methods Committee (1960)[14]. One g of liver tissue was
ashed in a muffle furnace at 600℃ for 6 h and was used
to prepare the mineral solution.
Markers of functional integrity
Activity of alkaline phosphatase and lys-ala-dipeptidyl
aminopeptidase was measured in the 12 000 g supernatant
to assess the functional integrity of the intestinal mucosa,
because of the differential localization of these two
enzymes within the mucosal cells: the maximum activity of
the former towards the upper half of the villus, and that of
the latter towards the lower half[8,12]. Alkaline phosphatase
activity was determined using β-glycerophosphate and lysala-dipeptidyl aminopeptidase activity was measured using
lys-ala-7-amido-4-methyl coumarin.
Markers of oxidative stress
The amount of thiobarbituric acid-reactive substance
(TBARS) in the 12 000 g supernatant was measured using
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malondialdehyde as a standard, and was quantified, using
a reverse-phase silica-based C18 column, according to
Templar et al[15]. Elution was done for 10 min at a flow rate
of 1.2 mL/min with 65% 50 mmol/L KH 2PO4-KOH,
pH 7.0, and 35% methanol buffer, while monitoring at
532 nm. Protein carbonyls were estimated by incubation
of 1 mL of the 100 000 g supernatant with 10 mmol/L
dinitrophenyl hydrazine (DNPH) for 1 h in the dark,
followed by protein precipitation with trichloroacetic acid
according to the method of Reznick & Packer[16]. The final
DNPH and lipid-free precipitate was dissolved in 6 mol/L
guanidine hydrochloride and the absorbance was read at
375 nm. The amount of protein in the final pellet was
quantified at 280 nm using BSA in guanidine hydrochloride
as a standard.
Antioxidant status
A c t i v i t y o f t o t a l s u p e r ox i d e d i s m u t a s e ( S O D ) ,
glutathione peroxidase (100 000 g supernatant), MnSOD and catalase (12 000 g supernatant) was determined
as previously described [17-19] . Glutathione (reduced
GSH and oxidized GSSH) levels were deter mined
using HPLC equipped with a fluorimetric detector
( e xc i t a t i o n a t 3 5 0 n m a n d e m i s s i o n a t 4 2 0 n m ) ,
according to Pastore et al[20]. Briefly, thiols were extracted
using sulfosalicylic acid and injected onto a 150 mm
× 4.6 mm Hypersil ODS column, equilibrated with
30 mmol/L ammonium nitrate and 40 mmol/
L a m m o n i u m f o r m a t e b u f f e r, p H 3 . 6 . Fo r G S H
determinations, NaBH4 was substituted with 2 mmol/L
EDTA-DTT. The thiols were eluted from the column
with a 6-min gradient of acetonitrile (0-4 min, 0%-30%
acetonitrile; 4-5 min, 30%-100% acetonitrile; 5-6 min,
100% acetonitrile) at a flow rate of 1.5 mL/min.
Activity of duodenal mucosal aconitase
T he activity of aconitase in cytosolic (100 000 g
supernatant) and mitochondrial (12 000 g pellet) was
measured by a coupled isocitrate dehydrog enase
reaction, monitored at 37℃ (Car y 100 Bio UV-Vis
spectrophotometer, Varian Inc., CA) at 340 nm for 1 h [21,22].
Statistical analysis
Statistical analysis was performed using SPSS/PC+, version
5.0 (SPSS, Chicago, IL, USA). Comparison among the
three groups was tested by one-way ANOVA with posthoc multiple comparison tests. For measurements of body
weight and iron and zinc status, comparisons were made
with littermates maintained in the animal colony. The values
were considered significantly different at P < 0.05.

RESULTS
Body weight changes
Rats fed an iron- and zinc-deficient diet for 4 wk weighed
57% less than their littermates in the animal colony (62.0
± 8.0 g and 108.2 ± 7.5 g, respectively). However, the final
bodyweight of Fe-, Zn- and Fe + Zn-repleted rats was
similar, but weighed 50% of their littermates (95.6 ± 10.2 g
and 190.0 ± 14.8 g).
Iron and zinc status
www.wjgnet.com

5710

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

55

55

65

65

Fe

Zn

Fe + Zn

Hemoglobin
Iron
(g/L)
Plasma
Liver
(μmol/L) (μg/g)
-Fe - Zn 82.0a ± 3.2
65.0a ± 4.6
Fe
126.9b ± 3.0
94.8b ± 7.2 192.8a ± 12.5
Zn
80.0a ± 2.8
64.0a ± 5.5
43.7b ± 6.6
Fe + Zn 106.8c ± 3.0
82.4c ± 3.8 157.5c ± 7.7

Zinc
Plasma
Liver
(μmol/L) (μg/g)
12.3a ± 2.0
13.0a ± 1.8 22.8a ± 4.5
29.6b ± 3.0 48.6b ± 4.6
20.5c ± 3.2 37.1c ± 4.2

Iron and zinc deficient (-Fe-Zn) rats were administered 4.0 mg Fe and/or
3.3 mg Zn/day for 2 wk; Fe: Iron administered group; Zn: Zinc administered
group; Fe + Zn: Iron and zinc administered group; Number of animals was 8
in each group. Values are mean ± SD; means with different superscripts are
significantly different with P < 0.05.

Iron and zinc depletion were confirmed by lowered
hemoglobin and plasma zinc concentrations compared
to their littermates in the animal colony, which were fed
an iron- and zinc-adequate diet (35.0 mg Fe and 30.0 mg
Zn/kg diet). Concurrent depletion of iron and zinc
resulted in reduction of hemoglobin to 58%, plasma iron
to 86% and plasma zinc to 38% compared to littermates.
A significant lowering in all the above measured variables
indicated the co-existence of iron and zinc deficiency in
the experimental rats (Table 2). On repletion, hemoglobin
and plasma and liver iron concentrations were significantly
higher in the Fe and Fe + Zn groups compared to the Zn
group (Table 2). Among the iron-repleted groups, iron
www.wjgnet.com
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Figure 1 Zn reduces uptake of 55Fe and Fe reduces
uptake of 65Zn during combined administration: A
representative microautoradiogram of the duodenal
mucosa of 55Fe in Fe (top left), Fe + Zn (top right), 65Zn
in Zn (bottom left). and Fe + Zn (bottom right) groups.
Iron and zinc deficient rats were orally administered
37mBq of 55Fe and 4.0 mg Fe and/or 37mBq of 65Zn
and 3.3 mg Zn. Presence of black spots in the intestinal
mucosa indicates the presence of the radioactivity (×
100).

Zn + Fe

Table 2 Iron and zinc status after concurrent depletion and
repletion
Group

   November 21, 2007

status was significantly higher in the Fe than in the Fe +
Zn group. Similarly, plasma and liver zinc concentrations
were significantly higher in the Zn and Fe + Zn groups
than in the Fe group. However, the Fe + Zn group showed
significantly lower zinc status compared to the Zn group
(Table 2).
Uptake of 55Fe and 65Zn; immunolocalization of ferritin and
metallothionein in intestinal mucosa
To understand the effect of interactions following
concurrent repletion of iron and zinc to depleted rats, we
looked for their presence in the site of absorption. Uptake
of 55Fe and 65Zn at the end of repletion in the intestinal
mucosa was reduced in Fe + Zn-supplemented rats
compared with Fe- or Zn-supplemented rats, respectively
(Figure 1). Intestinal ferritin concentration was higher in
the Fe than in the Fe + Zn group (Figure 2, upper panel).
Identically, metallothionein concentration in the intestinal
mucosa was high and appeared similar in the Zn and Fe +
Zn groups, but relatively weak in the Fe group (Figure 2,
Lower panel).
Intestinal oxidative stress and its functional integrity
Interactions between iron and zinc and their functional
relevance to intestinal oxidative stress were assessed by
as TBARS and protein carbonyls. TBARS and protein
carbonyl concentrations were 1.5-fold higher in the Fe
than in the Fe + Zn group. These indices did not differ in
the Zn and Fe + Zn groups (Figure 3A and B). Activity
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A

B

C
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Figure 2 Zn reduces ferritin but enhances metallothionein abundance in the intestinal mucosa: A representative photomicrograph of the immunohistochemical localization
of ferritin (top panel) and metallothionein (bottom panel) in the intestinal mucosa of Fe, Zn and Fe + Zn repleted groups. The staining intensity indicates the abundance of
ferritin and metallothionein (× 250).

of the marker enzymes alkaline phosphatase and lys-aladipeptidyl aminopeptidase in the intestinal mucosa was
about 20% lower in the Fe than in the Fe + Zn group. The
activity did not differ between the Zn and Fe + Zn groups
(Figure 3C and D).
Antioxidant status
Activity of intestinal SOD and glutathione peroxidase,
except Mn-SOD, was significantly higher in the Fe
than in the Zn and Fe + Zn groups. Catalase activity
was significantly higher in the Fe and Fe + Zn groups
compared to the Zn group. These enzyme activities did not
differ between the Zn and Fe + Zn groups (Figure 4A-D),
except for catalase activity. Glutathione concentration was
significantly lower in the Fe than in the Zn and Fe + Zn
groups. On the other hand, oxidized glutathione (GSSG)
concentration was significantly higher in the Fe than in the
Zn and Fe + Zn groups (Figure 5A and B).
Intestinal aconitase activity
Activity of cytosolic and mitochondrial aconitase was
measured as an indicator of the cellular labile iron pool.
Activity was higher in the Fe group, but lowered significantly
in the Zn and Fe + Zn groups. Activity in the Fe + Zn group
was higher than that in the Zn group (Figure 6A and B).

DISCUSSION
In the light of high prevalence of anemia, emerging
incidence of zinc deficiency, and interactions during

supplementation, we studied the interactive effects of
iron and zinc repletion on oxidant/antioxidant status
in combined deficient rats. Metabolic studies and
supplementation trials suggest an antagonistic relationship
between iron and zinc, in which zinc reduces the positive
effects of iron supplementation and vice versa. For
example, inorganic iron was found to compete for
absorption with zinc when given to adults in solution in
ratios > 2:1[2]. Zinc absorption in fasting pregnant Peruvian
women treated with Fe or Fe + Zn was significantly
reduced compared with non-metals supplemented
women [23]; which indicates a post-absorptive effect of
iron on zinc absorption. In women treated only with Fe,
plasma zinc concentrations was also lower, compared with
controls. Conversely, there were smaller improvements
in hemoglobin and serum ferritin concentrations in
Indonesian children treated both with Fe and Zn than in
children treated with Fe alone[24]. Two recent studies on
iron and zinc supplementation of Indonesian infants show
that iron and zinc interactions occur when they are given as
supplements[25,26]. In the study by Dijkhuizen et al, infants
were treated with iron alone (10 mg/d), zinc alone (10 mg/
d), both elements together (10 + 10 mg/d) and placebo
from 4 to 10 mo of age. Supplementation significantly
reduces the prevalence of iron deficiency anemia and zinc
deficiency. Iron supplementation does not negatively affect
plasma zinc concentration, and zinc supplementation does
not increase the prevalence of anemia. However, combined
iron and zinc supplementation is less efficacious than
iron supplementation alone in reducing the prevalence
www.wjgnet.com
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Figure 3 Iron increases intestinal oxidative stress and lowers functional integrity: Concentrations of thiobarbituric acid-reactive substances (TBA-RS) and protein carbonyls
(A and B) as indicators of oxidative stress, and activities of alkaline phosphatase and lys-ala-dipeptidyl aminopeptidase (C and D), as markers of mucosal functional
integrity, in the intestinal mucosa of iron and zinc deficient rats treated with iron and/or zinc. Fe: Iron administered group; Zn: Zinc administered group; Fe + Zn: Iron and
zinc administered group; Number of animals: 7 in each group. Vertical columns and error bars represent mean and SD respectively; Bars with different superscripts are
significantly different with P < 0.05 among groups.

of anemia (20% vs 38% reduction) and in increasing
hemoglobin and plasma ferritin concentrations. In the
study by Lind et al, infants received the same treatments,
but from 6 to 12 mo of age. After supplementation, the Fe
group had higher hemoglobin and serum ferritin than the
Fe + Zn group; this fact indicates an effect of zinc on iron
absorption. The Zn group had higher serum zinc than the
placebo group, whereas this was not the case for the Fe
and Fe + Zn groups, this fact suggests an effect of iron on
zinc absorption. Thus, supplementation with Fe + Zn is
less efficacious than single supplements alone in improving
iron and zinc status, with evidence of negative interactions
between iron and zinc when a combined supplement
is given. However, the crucial question is whether such
interactions between iron and zinc have any functional
consequences for intestinal oxidative stress and functional
integrity.
Both these nutrients are essential for growth, and in
populations in which deficiencies of these minerals coexist, stunting of growth has been reported[27]. Depletion
of both iron and zinc in the diet has a significant impact
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on the growth of rats, and causes a marked reduction in
iron and zinc status. Thus, the model developed in the
present study had characteristic clinical and sub-clinical
manifestations of iron and zinc deficiency, respectively.
Although several studies have examined the effect of iron
supplementation on zinc absorption, few have considered
the effect of zinc supplementation on iron absorption.
The molar ratio of iron and zinc seems to be critical in
determining the interactive effects. One study has shown
that zinc inhibited iron absorption when the zinc-iron ratio
was 1.14:1 (1:1 molar ratio), but not when it was 0.36:1 (0.4:1
molar ratio)[28]. Another study has shown that a zinc-iron
ratio of 5:1 significantly reduced iron absorption from an
aqueous solution, but did not affect heme iron absorption
from a hamburger meal in humans[29]. In the present study,
we used a 1:1 molar ratio for repletion of iron- and zincdeficient rats.
Several possible sites of interaction during transfer
from the apical membrane into the intestinal cytosolic
compartment, and from the basolateral membrane into
plasma have been sug gested by Fairweather-Tait [30] .
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Figure 4 Changes in antioxidant enzyme activities due to iron and zinc repletion: Activity levels of superoxide dismutase (SOD, A and B), catalase (C) and glutathione
peroxidase (Gpx, D) in the small intestinal mucosa of rats during repletion with iron and/or zinc. Total SOD activity indicates the activity of Cu, Zn-SOD and Mn-SOD. Fe:
Iron administered group; Zn: Zinc administered group; Fe + Zn: Iron and zinc administered group; Number of animals: 8 in each group. Vertical columns and error bars
represent mean and SD respectively; bars with different superscripts are significantly different with P < 0.05.

The possibility of iron and zinc inhibiting each other’
s intestinal uptake through competition for a common
pathway, has been studied by measuring ferritin and
metallothionein concentrations, and aconitase activity in
the site of absorption. Intestinal uptake of iron and zinc
was significantly reduced in the presence of the other
metal during repletion in rats with combined deficiencies
of iron and zinc. This may have been due to increased
competition between iron and zinc for the ligands/
transporters at the site of absorption. Reduced uptake of
55
Fe or 65Zn in the Fe + Zn group compared to the Fe or
Zn groups provides clear evidence for their antagonistic
interaction during repletion. Reduced plasma and liver
iron and zinc concentrations in the Fe + Zn group
compared to individual supplementation groups suggests
that iron and zinc interactions affect not only the uptake,
but also retention of these minerals. Thus, this study
clearly demonstrates that a combined supplement is less
efficacious than a single supplement in improving iron or
zinc status.
Another intriguing possible site of interaction between
iron and zinc is the duodenal transport protein divalent

cation transporter 1 (DCT-1). DCT-1 appears to be a key
transporter that is involved in iron absorption, but can also
transport many other metals, including zinc[31]. It is possible
that iron and zinc can inhibit each other’s absorption by
competing for DCT-1, and their effects are expected to
be most noticeable when one metal is in relative excess
compared with the other, or when both deficiencies coexist. Although we have not studied DCT-1 expression,
the influence of iron and zinc on their responsive proteins
clearly suggests that both interact at the site of absorption
during concurrent repletion.
The intestine is vulnerable to oxidative damage during
iron and/or zinc depletion and repletion. Incessant
pulses of iron during repletion leave excess unabsorbed
iron in the intestinal mucosa, which is a potential prooxidant. Moreover, electron paramagnetic resonance
spectroscopy in rats has shown that oral iron therapy
with ferrous sulfate results in iron-mediated oxidative
stress, through hydroxyl radicals in the small intestine.
This stress-stimuli results in a decrease in cell turnover,
shortening of microvillus height, and partial or complete
erosion of the microvilli in the duodenum[32-34]. On the
www.wjgnet.com
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Figure 5 Altered intestinal mucosal redox status: Changes in the levels of GSH
(Panel A) and GSSG (Panel B) in the intestinal mucosa at the end of repletion for
2 wk with iron and/or zinc. Vertical columns and error bars represent mean and SD
respectively; bars with different superscripts are significantly different with P < 0.05.

other hand, zinc deficiency impairs intestinal antioxidant
capacity by lowering the expression of metallothionein,
an effective scavenger of hydroxyl radicals that can play
a major role in the development of oxidative damage. In
an earlier study, we have shown increased hydroxyl radical
production, associated decrease in turnover of intestinal
epithelial cells, and compromised functional integrity of
the mucosa, when iron-deficient rats were repleted with
8.0 mg Fe[12]. This dose may be relatively high and could
have produced structural and functional impairment at the
site of absorption. To reduce these effects, we used 4.0 mg
Fe for repletion and maintained a 1:1 molar ratio of iron
and zinc in the present study. Iron repletion resulted in
significantly higher levels of peroxidation products, i.e.,
TBARS and protein carbonyls in the intestinal mucosa,
even with lower doses of iron. This also decreased the
alkaline phosphatase and dipeptidase activity, which
indicates compromised functional integrity. Although zinc
negatively affected iron uptake, concurrent repletion of
iron and zinc significantly reduced the oxidative damage
and improved the functional integrity. The reason for the
beneficial effects with co-administration of iron and zinc
may be due to the changes in antioxidant balance. We have
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Figure 6 Intestinal aconitase activity in response to iron and/or zinc repletion:
Response of intestinal cytosolic (Panel A) and mitochondrial (Panel B) aconitase
to intestinal iron content and as a functional indicator of oxidative stress after 2
wk of oral iron and/or zinc administration. Fe: Iron administered group; Zn: Zinc
administered group; Fe + Zn: Iron and zinc administered group. Number of animals
:is 8 in each group. Vertical columns and error bars represent mean and SD
respectively; bars with different superscripts are significantly different with P < 0.05.

observed increased localization of metallothionein in the
intestinal mucosa during zinc repletion. These findings
support the view that zinc per se can act at various levels
and exert its antioxidant effect. Incorporation of zinc
along with iron in supplements seems to be efficacious in
improving the antioxidant capacity.
To determine the role of antioxidant defense enzymes
in reducing iron-induced oxidative damage, activity
of SOD, catalase and glutathione peroxidase were
determined. Cu, Zn-SOD was more active in the Fe group
compared to that in the Zn and Fe + Zn groups. On
the other hand, Mn-SOD activity was similar in all three
groups. This indicates that the formation of superoxide
anion and its conversion to hydrogen peroxide is greater
in the cytosolic compartment than in the mitochondria.
The other antioxidant enzyme that showed a difference
in the Fe and Zn + Fe groups was glutathione peroxidase
(Gpx), which implies that reduction of peroxides to water
was more prevalent in the Fe than in the Fe + Zn group.
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No increase was observed in the catalase activity of irontreated animals, which suggests that hydrogen peroxide
conversion to water was similar among all groups, but
was compensated by an increase in Gpx in the Fe group.
This increase in Gpx is indicative of excess formation
of organic peroxides in the Fe group, which may have
enhanced oxidative stress. In a recent study, we have
shown that zinc per se can reduce iron-mediated production
of hydroxyl radicals and thereby protect against oxidative
stress[8]. Hence, concurrent administration of iron and
zinc or zinc alone substantially enhances the intestinal
non-enzymatic antioxidant capacity. In addition, we
have observed in zinc-supplemented groups, increased
intestinal metallothionein concentrations, which has
been reported to be more effective than GSH on a molar
basis for preventing oxidative damage of various cellular
components [35] . Quenching of hydroxyl radicals by
sulfhydryl groups in metallothionein, releasing zinc and
its subsequent uptake by the membranes can protect both
cellular components and membranes against oxidative
damage [36,37] . Thus, zinc-induced metallothionein not
only reduces the oxidative stress, but also improves the
functional integrity of the mucosa.
Control of iron uptake and storage through regulation
of transferrin receptor and ferritin proteins represents an
important avenue through which cellular iron homeostasis
is modulated and maintained [38,39]. The expression of
ferritin and transferrin receptor is linked to iron status
through the action of two iron-regulated RNA-binding
proteins, iron regulatory proteins, IRP1 and IRP2. Iron
regulates the RNA-binding function of IRP1 and IRP2
through fundamentally different mechanisms [40,41]. For
IRP1, which is a bifunctional protein, iron inhibits RNAbinding activity by promoting assembly of an iron-sulfur
cluster in the binding protein, thereby converting it to
cytosolic aconitase[42]. Walter et al[43] has suggested that
iron deficiency can induce the IRP-mediated cellular iron
signaling pathway, which leads to enhanced intracellular
iron levels. Therefore, we assessed the activity of cytosolic
and mitochondrial aconitase. Cytosolic aconitase activity
was found to be suppressed in the presence of zinc in
the Fe + Zn group compared to that in the Fe group. A
decrease in cytosolic aconitase activity implies a decrease
in cellular iron availability in the presence of zinc, or
inhibition of aconitase per se by zinc. It has been shown
that zinc competitively inhibits duodenal cytosolic
aconitase activity [22] . Reduced ferritin protein in the
intestinal mucosa of the Fe + Zn group when compared
to that of the Fe group supports the decrease in cytosolic
aconitase activity in the Fe + Zn group. We also observed
a decrease in mitochondrial aconitase activity in the Fe +
Zn compared to the Fe group. This may have been due
to a decrease in citrate availability or post-transcriptional
regulation by IRP1, as re por ted by Chen et al [44] .
Nevertheless, zinc seems to act as a buffer against freeradical damage invoked by the presence of free iron. The
presence of zinc during supplementation had a significant
effect on the levels of various antioxidants, including GSH
and metallothionein.
T hus, this study clearly demonstrates that the
interactions between iron and zinc during absorption in

5715

iron- and zinc-deficient rats are mutually antagonistic.
Competition of iron and zinc for common transporters
(DMT1) at the site of absorption results in reduced uptake
of these minerals during concurrent administration. The
presence of zinc during iron administration also influences
aconitase activity, ferritin expression and thereby the labile
iron pool. Furthermore, zinc induction of metallothionein
and scavenging of hydroxyl radicals helps to control ironmediated oxidative stress.

COMMENTS
Background

Iron deficiency is the single most common nutritional disorder worldwide and the
main cause of anemia in infancy, childhood and pregnancy. It is prevalent in most
of the developing world, where it coexists with other micronutrient deficiencies such
as zinc, vitamin A and folate. The exact prevalence of zinc deficiency is not known,
but it is estimated that the magnitude might not be too different from that for iron
deficiency. This is probably because the diet of populations in the developing world
is based mainly on foodstuffs that have low iron and zinc concentrations, and
with a poor bioavailability of these minerals. Combined supplementation with iron
and zinc in target populations may be effective in preventing deficiencies of these
micronutrients, but knowledge of their potential interactions when given together is
inadequate.

Research frontiers

Combined supplementation with both micronutrients is one strategy that can be
used to improve the iron and zinc status of a population. However, there is concern
about the negative interactions between these two minerals. Studies performed
in humans have shown an inhibitory effect of zinc on iron absorption, but it is not
well established whether this interaction depends on the absolute amount of iron
and zinc in the supplement and/or on the molar ratio between these two minerals,
or on nutritional status. This information could help design rational guidelines
for iron and zinc supplementation programs. A review of the randomized trials
that have assessed the effects of iron and zinc supplementation on iron and zinc
status shows that zinc supplementation alone does not appear to have a clinically
important negative effect on iron status. However, when zinc is given with iron, iron
indicators do not improve as greatly as when iron is given alone. In most of the
studies, iron supplementation did not affect the biochemical status of zinc, but the
data are not clear regarding morbidity outcomes. Although some trials have shown
that joint iron and zinc supplementation has less effect on biochemical or functional
outcomes than supplementation with either mineral alone, there is no strong
evidence to discourage joint supplementation. Supplementation programs that
provide iron and zinc together are an efficient way to provide both micronutrients,
provided the benefits of individual supplementation are not lost. Further research
is needed before health policies on joint supplementation programs can be
established.

Innovations and breakthroughs

Oral iron supplementation is a widely used practice to correct iron-deficiency
anemia. Exposure of iron-deficient intestine to large doses of iron is known to
induce oxidative damage, which leads to loss of functional integrity and reduced
mucosal cell turnover. Intestinal conditioning with anti-oxidants during iron
administration has been shown to suppress iron-induced oxidative damage. Zinc is
known to protect cells from peroxidative damage by inducing metallothionein and
maintaining sulfhydryl group stability. Nevertheless, co-administration of iron and
zinc may antagonize each other with respect to absorption. In the present study,
we showed that although combined supplementation of iron and zinc marginally
inhibits iron uptake, it significantly attenuates oxidative stress by induction of
metallothionein and elevation of GSH level. Furthermore, the presence of zinc in
situ reduced the iron-induced hydroxyl radical production in the intestinal mucosa,
as assessed by electron paramagnetic resonance spectroscopy. These results
strongly suggest a protective role for zinc on iron-induced oxidative stress, which
might have implications in anemia control programs.

Applications

Supplementation with multiple micronutrients is an appealing strategy for the
prevention and treatment of anemia and common morbidities that affect women
and young children. However, drawing definitive conclusions regarding the
www.wjgnet.com
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potential benefit or harm of joint supplementation, based on a variety of study
designs, target populations and outcome measures, has proven challenging.

Terminology

Nutrient-nutrient interactions: Although the term interaction denotes a bidirectional
effect, many interactions are unidirectional, i.e., one nutrient affects the biological
disposition of another, which remains more or less passive. Bidirectional
interactions are most common among nutrients with similar physicochemical
properties and that share a common mechanism of absorption or metabolism.
Some uni- or bidirectional interactions are affected by the presence of a third
dietary constituent. Nutrient interactions are not usually additive. From the
physiological standpoint, nutrient interactions can occur at several different
levels: (1) In the diet. The mode of preparation of diets may be as important as
their composition in determining nutrient interactions. For example, cooking in an
alkaline medium may decrease the interaction between ascorbic acid and iron by
destroying the vitamin; (2) In the intestinal lumen. Interactions at this level have
received the most attention, because they determine the true availability of a
nutrient for translocation through the enterocytes. Most luminal interactions consist
of direct nutrient-nutrient interactions, but certain nutrients can indirectly affect
the absorption of others by modifying gastrointestinal physiological activities. For
example, certain dietary fibers can stimulate gastrointestinal hormone secretion
or inhibit micellar formation, thus indirectly affecting nutrient absorption (Table
2); (3) In the post-absorptive phase. Many interactions take place after the
process of absorption has been completed. These interactions may be in the
form of physiological synergism, such as the effect of vitamin A and zinc on the
visual process, or between vitamin A and iron mobilization. Conversely, negative
interactions may affect circulating or storage levels of nutrients.
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In this study, the authors investigated the nature of interactions between iron
and zinc, and their consequences on intestinal oxidant-antioxidant balance.
They demonstrated that the interactions between iron and zinc during absorption
in iron- and zinc-deficient rats were antagonistic. They demonstrated that the
antioxidant status was significantly lower in the Fe than in the Zn and Fe + Zn
groups, whereas the aconitase activity was higher in the Fe than in the Zn and Fe
+ Zn groups. In conclusion, they reported that the competition of iron and zinc for
common transporters such as DCT-1, at the site of absorption, resulted in reduced
uptake of Fe and Zn during concurrent administration. Moreover, they suggested
that zinc induction of metallothionein and scavenging of hydroxyl radicals assisted
in controlling iron-mediated oxidative stress.
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plays a critical role in the carcinogenesis and progression
of HCC. The proliferation, migration induction and
apoptosis inhibition activities of SMYD3 may be mediated
through RIZ1 CpG promoter hypermethylation.
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Abstract
AIM: To investigate the role of SMYD3 in hepatocellular
carcinoma (HCC) development and progression and to
verify whether its regulation activity was through RIZ1
inactivation.
METHODS: Expression of SMYD3 in HCC cell lines and
tissues were measured; silencing of SMYD3 by RNA
interference (RNAi) was effectuated, hepatoma cell
proliferation, migration and apoptosis were tested, with
RIZ1 CpG promoter methylation, and corresponding
mRNA expression were investigated.
RESULTS: S M Y D 3 o v e r - e x p r e s s i o n i n H C C w a s
associated with RIZ1 hypermethylation and mRNA
down-expression. Suppression of SMYD3 expression demethylated RIZ1 CpG promoter (P < 0.01) and increased
RIZ1 mRNA expression (P < 0.01). Consequently, SMYD3
down-expression with RIZ1 de-methylation strongly
inhibited hepatoma cell growth (MTT inhibitory rates:
Pgenesil-1-s1 60.95% ± 7.97%, Pgenesil-1-s2 72.14%
± 9.68% vs Pgenesil-1-hk 6.89% ± 4.12%, P < 0.01)
and migration (Pgenesil-1-s1 4.24% ± 1.58%, Pgenesil1-s1 4.87% ± 0.73% vs Pgenesil-1 19.03% ± 4.63%,
Pgenesil-1-hk 19.95% ± 5.21%, P < 0.01) and induced
apoptosis (FCM subG1 phase Pgenesil-1-s1 19.07% ±
1.78%, Pgenesil-1-s2 17.68% ± 2.36% vs Pgenesil-1
0.47% ± 0.12%, Pgenesil-1-hk 1.46% ± 0.28%,
P < 0.01. TUNEL-positive cells: Pgenesil-1-s1 40.24%
± 5.18%, Pgenesil-1-s2 38.48% ± 4.65% vs Pgenesil-1
2.18% ± 1.34%, Pgenesil-1-hk 2.84% ± 1.22%,
P < 0.01) in HepG2 cells.
CONCLUSION: These results demonstrate that SMYD3
www.wjgnet.com

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide, generally long-term
survival is disappointing. Epigenetics, defined as heritable
changes in gene expression that are not coded in the DNA
sequence itself, is increasingly linked with tumorigenesis[1,2].
It is well established that DNA methylation, nucleosomal
histone post-translational modifications such as methylation,
acetylation/deacetylation, phosphor ylation ADPribosylation, and ubiquitination, and other epigenetic
patterns are central to proper gene expression. Increasing
evidence shows that disrupting epigenetic patterns can induce
carcinogenesis or affect the outcome of cancer[3,4]. Among
these, histone methylation is considered to be critical for
transcriptional regulation and seems to play an important
role in tumor epigenetic modification. Recently, SMYD3 was
identified and characterized to specifically methylate histone
H3 at lysine 4 (K4), and this activity is indeed dependent
on an intact SET domain, an evolutionarily conserved
protein module shown to facilitate histone methyltransferase
activity[5]. Expression of SMYD3 was frequently enhanced
in colorectal carcinoma (CRC), breast cancer tissue, as well
as HCC, and elevated SMYD3 expression was involved
in the growth of CRC, breast cancer and HCC cells[5-7].
Although transcriptional activation of downstream genes
including Nkx2.8 and WNT10B gene has been reported[5,6],
the effect of SMYD3 on HCC development and the
underlining mechanism remains unclear.
Inactivation of tumor suppressive genes (TSGs)
plays an important role in carcinogenesis. RIZ1, a typical
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TSG with H3-K9 methyltransferase activity, was shown
to lose its expression and tumor-suppressing activity in
many types of human tumors including HCC[8], CRC[9],
breast cancer[10], prostate cancer[11] and gastric cancer[12].
Adenovirus-mediated RIZ1 expression causes G2-M
cell cycle arrest and/or apoptosis in breast cancer, liver
cancer, and microsatellite instability-positive colon cancer
cells. Adenovirus RIZ1 can also inhibit growth of colon
cancer xenografts[13]. Previous data suggest that the RIZ
locus is a target of frequent deletion in HCC, but a more
common way of RIZ inactivation in HCC may not involve
mutations that alter peptide sequences, but by CpG
promoter hypermethylation[14].
Therefore, we sought to explore whether targeting of
SMYD3 expression can inhibit the development of HCC,
and determine whether the biological function of SMYD3
in HCC development and progression is mediated through
RIZ1 inactivation. We found SMYD3 was significantly
overexpressed in HCC cell lines, but not in nor mal
hepatocellular cells and peri-cancerous tissues. Silencing
of SMYD3 by RNAi remarkably inhibited HCC cell
proliferation and migration, and induced apoptosis in vitro.
Furthermore, RIZ1 was under-expressed in HCC cells
with its promoter hypermethylated, while inhibition of
SMYD3 demethylated RIZ1 and recovered its expression
in HCC cells. Our results indicated that SMYD3 plays
pro-oncological function in HCC development and
prog ression; thus the activity of SMYD3 in HCC
may be partly through its activity on RIZ1 promoter
hypermethylation and RIZ1 inactivity.

MATERIALS AND METHODS
Cell lines
HCC cell lines HepG2 and Hep3B were purchased from
the American Type Culture Collection (Rockville, MD).
HCC cell line SMMC-7721 and liver cell line L-02 were
generous gifts from Dr. Danhui Weng (HUST, China). The
cells were cultured in Dulbecco's modified Eagle's medium
(Gibco-BRL, Carlsbad, CA) supplemented with 10% fetal
bovine serum (Gibco-BRL).
RT-PCR
Total RNA was extracted using Trizol reagent (Takara,
Tokyo, Japan). RT-PCR was performed with the Advantage
RT-PCR kit (Takara), according to the manufacturer’s
protocol. PCR setting: Initial denaturation at 94℃
for 3 min before 18 cycles (for GAPDH) or 30 cycles
(for SMYD3 and RIZ1) at 94℃ for 30 s, 50℃ for 45 s
and 72℃ for 60 s. The sets of primers are listed in
Supplementary Information Table S1.
shRNA construction and transfection
The Pgenesil-1 vector containing the U6 promoter region
was purchased from Genesil Biotechnology Corporation
(Wuhan, China). Plasmids expressing siRNAs were
prepared by cloning double-stranded oligonucleotides
into the Pgenesil-1 vector. The sets of primers are listed
in Supplementary Information Table S1. Positive clones
were identified by restriction digestion and confirmed by
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sequencing. The resulting plasmids were designated as
Pgenesil-1-s1, Pgenesil-1-s2 and negative control Pgenesil1-hk. Transfection was performed by Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA) in accordance with the
manufacturer's protocol.
Western blot analysis
Proteins were prepared by homogenization of cells in lysis
buffer (10 mmol/L Tris-HCl, pH 8.0; 140 mmol/L NaCl;
5 mmol/L EDTA; 0.25 g/L NaN3; 10 g/L Triton X-100;
10 g/L deoxycholate; 1 g/L SDS; 0.5 mmol/L PMSF;
1 g/L leupeptin; 1 g/L aprotinin). Protein concentration
was determined by the Lowry method (Bio-Rad, Hercules,
CA). Proteins were resolved (30 μg per lane) in 120 g/L
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and was transblotted onto a PVDF membrane (Amersham,
Arlington Heights, IL). Membranes were blocked in
50 mL/L non-fat milk overnight and subsequently
incubated with 1:2000 rabbit polyclonal antiSMYD3 antibody (a generous gift from Dr. Ryuji
H a m a m o t o o f t h e U n ive r s i t y o f To k yo, To k yo,
Japan), or anti- β -actin (1:5000 dilution, Sigma, St.
Louis, MO) for 1 h and then with secondar y antirabbit IgG-horseradish-peroxidase antibody for
1 h at room temperature. Immunoreactive proteins were
visualized by means of enhanced chemiluminescence
reagent (Pierce Biotechnology, Rockford, IL) and exposure
to autoradiographic film.
Proliferation assay of HepG2 cell
MTT experiments were car ried out using the cell
proliferation kit (Roche Diagnostics, Indianapolis, IN),
according to the manufacturer's manual. Briefly, stable
transfected and parental HepG2 cells were seeded at a
density of 5 × 103 cells/well in 96-well plates and allowed
to grow for 48 h and then 20 μL 5 g/L MTT was added.
After incubation for 4 h, DMSO 200 g/L was added to
each well to dissolve crystals. After 5 min incubation at
37℃, absorbance was measured at 570 nm. Assays were
performed in triplicate.
Migration assay of HepG2 cell
This assay for the invasiveness of cells was based on the
principle of Boyden chamber (BD Biosciences, San Diego,
CA) and performed according to the manufacturer’s
protocol. Briefly, the top compartment was prepared by
coating the filter with diluted Matrigel and incubated for
30 min. A suspension of 1 × 10 4 cells in serum-free
medium was inoculated in the upper chamber, and
conditioned media obtained from NIH3T3 cells was
placed in the lower compartment of the chamber, as
a chemoattractant. After 24 h incubation, noninvasive
cells were removed with a cotton swab. The cells which
migrated through the filter and adhered to the lower
surface of the filter were fixed with methanol, stained
with hematoxylin, and counted manually in 5 randomly
selected microscopic fields. Assays were performed in
triplicate. The data were reported as the percentage of cells
successfully passing through the Matrigel and filter relative
to those migrating through the control filter.
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Figure 1 Enhanced expression of SMYD3 in HCC. A: The expression of SMYD3
genes was determined by RT-PCR and GAPDH served as an internal control; B:
Representative images of immunohistochemical staining of accumulated SMYD3
protein in HCC tissue, but not in peri-cancerous tissue.

FCM analysis
HepG2 cells, 1 × 106, were seeded in 60-mm dishes and
transfected with SMYD3-RNAi-plasmids at 60%-80%
confluence. Then, 48 h after transfection, cells were
deprived of serum for 36 h. Afterwards, cells were
harvested, fixed in 700 mL/L ethanol and washed with
1 × PBS and suspended in 50 mg/L propidium iodide.
DNA content was determined by flow cytometry using
a Becton-Dickinson FACSCalibur (Becton Dickinson,
Bedford, MA). Results were analyzed by ModFit LT2.0 and
Cellquest software. Assays were performed in triplicate.
TUNEL assay
Apoptotic cells were identified with the In Situ Cell Death
Detection kit (Roche Applied Science, Shanghai, China)
using the protocol recommended by the manufacturer. In
brief, HepG2 cells were grown on coverslips. The next
day, cells were transfected with SMYD3-RNAi-plasmids.
At 48 h after transfection, cells were deprived of serum
for 36 h. Coverslips with adherent cells were fixed in
40 g/L paraformaldehyde for 1 h at room temperature
and permeabilized with 1 g/L Triton X-100 for 2 min on
ice. DNA fragments were labeled with the TdT-mediated
dUTP nick end labeling (TUNEL) reaction mixture for
60 min at 37℃ in a humidified atmosphere in the dark.
Diaminobenzidine was used to mark the apoptotic cells
(brown staining). Cells were counted manually in six
randomly selected microscopic fields for each sample.
The apoptosis index was defined by the percentage of
apoptotic cells among the total cells of each sample.
RIZ1 promoter methylation specific PCR assay
Methylation Specific PCR (MSP) assay was performed
according to the procedure described by Fang et al [15].
In brief, 1 μ g of the genomic DNA was modified by
sodium bisulfide using the CpGenome DNA Modification
Kit (Intergen, Purchase, NY) in accordance with the
manufacturer's instructions. Modified DNA was amplified
by two different primer pairs specific to the unmethylated (U)
www.wjgnet.com

Figure 2 RNAi specifically inhibits SMYD3 expression in HCC cell lines. A:
Schematic drawing of the Pgenesil-1 vector; B: The predicted secondary
structures of the Pgenesil-1-s1 and Pgenesil-1-s2 transcripts target SMYD3 are
shown; C: 48h after transfection, Western blot analysis showed the inhibitory effect
of plasmids expressing SMYD3 shRNAs in HepG2 and SMMC-7721 cells.

and methylated (M) RIZ1 sequences, respectively. The sets
of primers are listed in Supplementary Information Table
S1. The PCR amplification was performed for a total of
45 cycles with an annealing temperature of 68℃ and 60℃
for M-sequences and U-sequences, respectively. The PCR
products were then analyzed using a 35 g/L agarose gel.
Statistical analysis
SPSS 13.0 was used to analyze the data. Statistical
significance was assessed by comparing mean ± SD with
Student’s t test for independent groups. P < 0.05 was
considered statistically significant.

RESULTS
Enhanced SMYD3 expression in HCC cell lines
To determine whether SMYD3 gene is overexpressed in
HCC cell lines, we compared the level of SMYD3 gene
expression in normal human hepatocellular cell line L-02
to that of three HCC cell lines. RT-PCR analysis revealed
that SMYD3 was overexpressed in all HCC cells, but absent
in L-02 cells (Figure 1). These data indicate that enhanced
SMYD3 expression is involved in a majority of HCC.
RNAi specifically inhibits SMYD3 expression in HCC cell
lines
To inhibit SMYD3 expression in HCC cells, we used a
DNA-based siRNA method (Figure 2A). Two siRNAs
targeting different 21 sequences of human SMYD3 were
cloned into Pgensil-1 vector to express RNA, which is
expected to fold back to form a hairpin loop structure after
being transcribed. The hairpin dsRNA can then be further
cleaved by Dicer to generate a 21-nucleotide siRNA, the
active form for the RNAi effect (Figure 2B). We used
HepG2 and SMMC-7721 cells, which overexpress SMYD3
abundantly. Forty eight hours after transfection, Pgenesil1-s1 and Pgenesil-1-s2 markedly knocked down SMYD3
expression in these cells, as determined by Western blot
analysis. The specificity of RNAi targeting SMYD3 was
shown by transfection with Pgenesil-1-hk which had no
effect on SMYD3 expression (Figure 2C).
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Figure 3 Inhibition of SMYD3 reduces hepatoma cell proliferation (MTT assays).

Inhibition of SMYD3 reduces hepatoma cell migration
The HepG2 cell line has been characterized as a highly
invasive hepatocellular cancer cell line. To determine
whether SMYD3 gene knockdown by RNAi could
reduce its invasive potential, an in vitro invasion assay
was performed. As shown in Figure 4, HepG2 cells were
greatly deprived of invasiveness by depletion of SMYD3
gene expression. The percentage of invasive cells was
decreased by 3-4 fold in Pgenesil-1-s1 and Pgenesil-1-s2
treated groups, compared to Pgenesil-1 treated groups.
No significant decrease of invasive cells was observed
in Pgenesil-1-hk treated cells. These results demonstrate
that SMYD3 not only plays a pivotal role in the process
of development, but it also is involved in tumor cell
migration.
Inhibition of SMYD3 promotes apoptosis in hepatoma
cells
Flow cytometry analysis showed that after 48 h of
transfection and 36 h serum deprivation, the number of
cells in the sub G1 phase was 19.07 ± 1.78% and 17.68
± 2.36% in HepG2 cells transfected with Pgenesil-1-s1
and Pgenesil-1-s2, respectively, while only 0.47% ± 0.12%
and 1.46% ± 0.28% cells were observed in HepG2 cells
transfected with Pgenesil-1 and Pgenesil-1-hk, respectively
(Figure 5A). These results possibly suggest the induction
of apoptosis. To confirm whether silencing of SMYD3
can induce apoptosis in HCC cells following serum
deprivation, TUNEL assay was performed. The number

B
25
20
% of invasion

Inhibition of SMYD3 reduces hepatoma cell proliferation
MTT assay was used to examine the inhibitory effect of
RNAi against SMYD3 on cell growth in HepG2 cells.
Suppression of SMYD3 expression significantly inhibited
cell growth compared to the cells transfected with control
plasmid Pgenesil-1. Pgenesil-1-hk, which did not suppress
expression of SMYD3, was shown to have little inhibitory
effect on growth of HepG2 cells, compared to Pgenesil-1
(Figure 3). The growth inhibitory effect of the plasmids
was consistent with their gene silencing effect. Therefore,
SMYD3 RNAi significantly suppressed the growth of
HeG2 cells in vitro, indicating that SMYD3 may be involved
in the regulation of cell proliferation.

15
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Figure 4 Inhibition of SMYD3 reduces hepatoma cell migration. A: Representative
cells (blue) invade through Matrigel and membrane; B: The percentage of cells
successfully passing through the matrigel and membrane (P < 0.01).

of TUNEL-positive cells was 40.24% ± 5.18% and
38.48% ± 4.65% in HepG2 cells transfected with Pgenesil1-s1 and Pgenesil-1-s2, respectively. Only 2.18% ± 1.34%
and 2.84% ± 1.22% were TUNEL positive in control cells
transfected with Pgenesil-1 and Pgenesil-1-hk, P < 0.01,
respectively (Figure 5B). These results indicate that
inhibition of SMYD3 by RNAi significantly promoted
apoptosis in HepG2 cells following serum deprivation.
Inhibition of SMYD3 de-methylates RIZ1 promoter CpG
islands and re-expresses RIZ1 in hepatoma cells
Through MSP and RT-PCR, we observed that the RIZ1
promoter was totally methylated with the lack expression
of RIZ1 mRNA in HepG2 cells. After inhibition of
SMYD3 by Pgenesil-1-s1, the RIZ1 promoter was found
partial methylated in HepG2 cells, consistent with the
change of RIZ1 mRNA (Figure 6). These results suggest
that the activity of SMYD3 may be regulated through
RIZ1 CpG promoter hyper methylation and RIZ1
inactivation.

DISCUSSION
Among epigenetic regulatory ways, histone methylation,
perhaps more than any other form of modification, has
demonstrated the power of modifications over DNAwww.wjgnet.com
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Figure 5 Inhibition of SMYD3 promotes apoptosis in hepatoma cells upon serum
deprivation. A: FCM analysis of HepG2 cells 48 h after transfection (P < 0.01). B:
TUNEL assay of cell apoptosis with siRNA suppression of SMYD3 expression in
HepG2 (brown staining cells) (P < 0.01).

based functions, regulating fundamental processes such
as gene transcription and DNA repair[16]. SMYD3, a gene
located in 1q44 chromosome, encodes a protein with
HMTase activity specifically on histone H3 at K4, and is
involved in carcinogenesis and tumor progression[5]. In the
present study, we confirmed that SMYD3 is overexpressed
in HCC cell lines. To further investigate the function of
SMYD3 in HCC carcinogenesis and tumor progression,
RNAi technology was applied to specifically knock down
SMYD3 expression in HCC cell lines. We demonstrated
that depletion of SMYD3 reduced hepatoma cell growth,
mig ration and induced cell apoptosis upon ser um
deprivation. Our findings suggest that SMYD3 plays prooncologic role in HCC development and progression.
Interestingly, our results show that the expression level
of SMYD3 in Hep3B cells differs significantly from that
in HepG2 and SMMC-7721 cells. We hypothesized that
the difference is possibly due to the HBV infectious state
www.wjgnet.com

Figure 6 Inhibition of SMYD3 de-methylates RIZ1 promoter CpG islands and
reexpresses RIZ1 in hepatoma Cells. A: Methylation specific PCR (MSP) assay
of RIZ1 promoter. M: Methylated; U: Unmethylated; B: RIZ1 mRNA expression,
GAPDH served as internal control (RT-PCR).

of the cells that we used; HBV positive in Hep3B, but
negative in HepG2 and SMMC-7721 cells. However, this
hypothesis needs to be further clarified.
SMYD3 is considered to function through its H3-K4
histone metylation, regulating expression of Nkx2.8[17,18],
Wnt10B[19,20] and other genes involved in hepatoma cellcycle regulation, cell proliferation and apoptosis. SMYD3
also upregulates genes linked to cell adhesion and invasion,
such as ITGA5 [21], COLQ [22], SELL[23], NEURL [24], and
PECAM1[25], which may be responsible for cell migration
regulator y role of SMYD3 in our experiment. To
investigate whether SMYD3 might act on HCC oncological
activity through TSG inactivation, we examined if
RIZ1 activity could be regulated by SMYD3 in different
hepatoma cells. RIZ1 was found to be downregulated in
HepG2 cells with its promoter CpG hypermethylated,
which was in line with enhanced SMYD3 expression, while
knockdown of SMYD3 demethylated RIZ1 promoter and
upregulated RIZ1 expression in these cells. In addition,
different SMYD3 expression levels in hepatoma cells
was also consistent with RIZ1 promoter methylation
and mRNA expression in hepatoma cells in our results
(data not shown) and in other results. HepG2 cells have
been shown to lack RIZ1 expression due to promoter
hypermethylation; in contrast, Hep3B cells do not show
RIZ1 promoter hypermethylation and express RIZ1
mRNA[26,27]. These results strongly suggest that SMYD3
plays a role in HCC development and progression, partly
through RIZ1 promoter hypermethylation and RIZ1
inactivation.
As a histone/protein methyltransferase, SMYD3 mainly
acts on histones or proteins; therefore, the mechanism
by which SMYD3 regulate RIZ1 promoter CpG islands
needs to be further clarified. SMYD3 includes a putative
428-amino acid protein containing a SET domain (codons
148-239) which is HMT, and a zf-MYND domain (codons
49-87), a typical zinc finger domain. The presence of a
MYND-type zinc-finger domain in SMYD3 suggests
that SMYD3 can recognize and bind particular sequences
present in the promoter region of downstream genes
through its MYND zinc finger. The specific SMYD3
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binding elements (SBE) in target DNA are 5′-CCCTCC-3′
or 5′-GGAGGG-3′, which are present in the promoter
regions of SMYD3 downstream genes, such as Nkx2.8[5].
It is interesting to note that one SBE, 5′-GGAGGG-3′,
is present in the promoter region of RIZ1[27]. A typical
zinc finger domain in SMYD3 and SBE sequence in RIZ1
promoter strongly suggests that SMYD3 may act on RIZ1
promoter through its zf-MYND domain recognizing and
binding to the SBE within the RIZ1 promoter. However,
SMYD3 may also recognize SBE in other genes, such
as DNA methyltransferases (DNMT), which are crucial
for DNA methylation[28], and sequentially regulates RIZ1
promoter hypermethylation. There is other evidence
suggesting that histone modification may interact with
DNA methylation or may regulate DNA methylation[29]. In
mammals, H3K9 methylation and CpG methylation shows
a complex interplay in which each mark can influence the
activity of the other.
Our results imply that, besides their gene-transacting
role, SMYD3 and other H3-K4 methyltransferases
might influence carcinogenesis and tumor progression
by silencing TSGs through DNA methylation. In
mammals, DNA methylation must be catalyzed by
DNA methyltransferases, whether SMYD3 directly
regulates DNMT expression, or SMYD3 changes the
local confor mation of RIZ1 promoter to facilitate
DNMT congregation needs to be further investigated.
Moreover, SMYD3 can di- and tri-methylate H3-K4, if
its DNA methylation activity is dependent on H3-K4
transactivation, the H3-K4 hypermethylation patterns also
needs to be established.
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Abstract
AIM: To investigate associations between the Rsa Ⅰ
polymorphism of CYP2E1 and risk of colorectal cancer.
METHODS: A case-control study was conducted with
315 colorectal cancer cases (105 colon, 210 rectal)
and 439 population-based controls in Jiangsu Province
of China. Genomic DNA samples were assayed for
restriction fragment length polymorphisms in CYP2E1
by PCR amplification followed by digestion with Rsa
Ⅰ. Information on smoking and alcohol drinking was
collected using a questionnaire. Odds ratios (ORs) were
estimated with an unconditional logistic model.
RESULTS: The proportional distribution of the CYP2E1
Rsa Ⅰc1/c1, c1/c2 and c2/c2 genotypes were 61.4%,
35.6% and 3.0% in controls, 60.6%, 33.7% and 5.8%
in colon cancer cases, and 58.4%, 34.0% and 7.7% in
rectal cancer cases, respectively. A significant difference

was noted between controls and rectal cancer cases
(P = 0.029), the c2/c2 genotype being associated
with elevated OR (adjusted age, sex and status of the
smoking and alcohol drinking) for rectal cancer (1.64,
95% CI, 1.12-2.41, vs c1 allele carriers), but not for
colon cancer. In interaction analysis between the CYP2E1
Rsa Ⅰgenotype and smoking and drinking habits, we
found a significant cooperative action between the c2/c2
genotype and alcohol drinking in the sex-, age-adjusted
ORs for both colon (4.74, 95% CI, 1.10-20.40) and
rectal (5.75, 95% CI, 1.65-20.05) cancers. Among nonsmokers, the CYP2E1 Rsa Ⅰc2/c2 genotype was also
associated with elevated ORs in the two sites (1.95, 95%
CI, 0.99-3.86 and 2.30, 95% CI, 1.32-3.99).
CONCLUSION: The results of the present study suggest
that the CYP2E1 c2/c2 genotype increases susceptibility
to rectal cancer and the gene-environmental interactions
between the CYP2E1 polymorphism and smoking or
alcohol drinking exist for colorectal neoplasia in general.
© 2007 WJG . All rights reserved.
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INTRODUCTION
CYP2E1, a member of the cytochrome P450 superfamily,
is involved in the metabolic activation of many lowmolecular-weight compounds such as N-nitrosamines,
a n i l i n e, v i n y l ch l o r i d e, u r e t h a n e a n d a l c o h o l [ 1 ] .
N-nitrosamines present in tobacco and diet are wellrecognized carcinogens involved in tumor development
at various sites. Functional CYP2E1 gene polymorphisms
might therefore impact on susceptibility to cancer
development.
A substitution polymorphism (G1259C) detected using
the restriction enzymes PstⅠor RsaⅠhas been associated
www.wjgnet.com
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with decreased CYP2E1 activity/inducibility[2-5]. The Dra
Ⅰpolymorphism is also associated with altered activity of
CYP2E1, although DraⅠis located in intron 6 and is not
thought to affect gene transcription[6]. Activity of CYP2E1
is also modulated by various physiological determinants,
such as obesity [7] , fasting [7] and liver dysfunction [8]
and can be induced by ethanol [9]. In contrast, dietary
isothiocyanates[10] and garlic[11,12], as well as some drugs, such
as disulfiram[13] and chlormethiazole[14], inhibit its activity.
A number of environmental factors may thus modify the
cancer risk through altered CYP2E1 enzyme activity.
Previous studies have shown inconsistent findings
on CYP2E1 polymorphism associations with cancer
risk. Some studies demonstrated the common genotype
or alleles to confer greater risk of oral[15], pharyngeal[15],
esophageal[16,17] liver[18] and lung[19,20] cancers. On the other
hand, increased risk of oral[21], nasopharyngeal[22], liver[23]
and colorectal [24,25] cancers was observed with the rare
genotype or allele carriers in other studies. Furthermore,
some case-control studies failed to find a significant
association between CYP2E1 polymorphisms and risk of
neoplasia of the oral cavity and pharynx[26], esophagus[27],
stomach[28,29], lung[30-33], bladder[34] and colorectum[35]. The
reasons for these inconsistent results are not clear, but
one problem is a lack of sufficient investigation of geneenvironmental interactions, including links with dietary
and smoking habits. We hypothesized that environmental
factors may alter the enzyme activity of CYP2E1 and
therefore modify cancer susceptibility due to CYP2E1
polymorphisms. One earlier study in our laboratory
showed that gene-environment interactions between the
CYP2E1 polymorphism and smoking have the potential to
alter susceptibility to gastric cancer[36].
To investigate possible relations between CYP2E1 Rsa
Ⅰpolymorphisms and environmental factors (smoking
and alcohol drinking) on the risk of colorectal cancers,
we conducted a population-based case-control study in
Jiangsu province, China.

MATERIALS AND METHODS
Subjects
We recruited colorectal cancer cases using data of Cancer
Registries in Huian and Jintan Cities of Jiangsu Province
of China, and also recruited cases who visited Jiangsu
Province Cancer Hospital from these cities from August
2000 to September 2002. All were histopathologically
diagnosed as having a primary colorectal cancer. Physicians
at the hospital asked eligible cases to participate in our
study, and doctors or nurses interviewed the subjects
and collected blood samples from a peripheral vein after
obtaining informed consent. Population-based controls
were selected from healthy residents in eight villages or
towns of Huian and Jintan Cities. Doctors of the public
health center randomly selected one or two controls
for each case, after matching for ethnicity, sex and age
within 2 years using the records of residents at the local
governmental office, and then asked eligible residents
for their participation. Interviews and blood collection
were performed as for the cancer cases. A few patients
and residents refused to participate in our study, but the
www.wjgnet.com
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response rates were 97% for cases and 93% for controls.
The ethics committee of Jiangsu Province Institute of
Cancer Research approved this study.
Environmental factors
The items of our questionnaire covered smoking and
drinking habits. Smokers were divided into never- and eversmokers (current and former). Drinkers also were divided
into two groups (≥ 2 times/mo and < 2 times/mo)
according to drinking frequency.
DNA extraction and genotyping of the CYP2E1
Whole blood was collected into EDTA-coated tubes
and centrifuged for 15 min, and the buffy coat layer was
isolated. Genomic DNA was extracted from 200 µ L
of buffy coat using a Qiagen QIAamp DNA Blood
Mini Kit (QIAGEN Inc., Valencia, CA). The method
for genotyping of the CYP2E1 has been previously
described [30] . In brief, PCR was used to amplify the
transcription regulation region of CYP2E1 that includes
the RsaⅠenzyme recognition site [3]. The primers were
5'-CCAGTCGAGTCTACATTGTCA and 5'-TTCATTCT
GTCTTCTAACTGG. The PCR product was subjected to
RsaⅠrestriction enzyme digestion and samples were then
analyzed by electrophoresis in 5% polyacrylamide gels.
There were three genotypes of CYP2E1 resulting from
digestion with the restriction enzyme RsaⅠ: the common
homozygote c1/c1; the heterozygote c1/c2; and the rare
homozygote c2/c2. Among 754 examined samples, PCR
products could not be visualized for 2 cases and 6 controls.
Statistical analysis
Associations between the RsaⅠ polymorphism and
colorectal cancer risk were estimated by OR, using the
unconditional logistic regression model. We calculated
adjusted ORs for age (continuous), sex, smoking and
drinking habits. To investigate gene-environmental
interactions, we also calculated (stratified analysis) ORs
according to combinations of the CYP2E1 genotypes
and habits of the smoking and drinking, with RsaⅠ c1
allele carriers as the reference. The procedure LOGISTIC
from the statistical package SAS was employed for
the calculations. The probability of Hardy-Weinberg
equilibrium was assessed by the χ2 test.

RESULTS
Numbers of subjects were 190 male and 125 female
with colorectal cancer, and 223 male and 216 female
controls (Table 1). The proportion of females in controls
was significant higher than in colorectal cases but the
mean age did not differ between cases and controls. The
proportional distributions of smokers and alcohol drinkers
were significant higher in colorectal cancer cases than in
controls.
The distributions of CYP2E1 RsaⅠc1/c1, c1/c2 and
c2/c2 genotypes were 61.4%, 35.6% and 3.0%, respectively,
in controls, 59.1%, 33.9% and 7.0% in colorectal cases,
60.6%, 33.7% and 5.8% in colon cancer cases, and
58.4%, 34.0% and 7.7% in rectal cancer cases (Table 1).
The proportional distribution significantly differed
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Table 1 Background characteristics of colorectal cancer cases and their controls

All of the subjects
Gender
Males
Females
2
χ MH (P)
Age (yr)
< 40
40-49
50-59
60-69
> 70
2
χ MH (P)
Mean age ± SD
P (t test)
Smoking status
Nonsmoker
Courrent and former
2
χ MH (P)
Alcohol status
Nondrinker
Current and former
2
χ MH (P)
CYP 2E1 genotypes1
c1/c1
c1/c2
c2/c2
2
χ MH (P)

Controls n (%)
439 (100.0)

Colorectal cancer n (%)
315 (100.0)

Colon cancer n (%)
105 (100.0)

Rectal cancer n (%)
210 (100.0)

223 (50.8)
216 (49.2)

190 (60.3)
125 (39.7)
6.70 (0.010)

65 (61.9)
40 (38.1)
4.19 (0.041)

125 (59.5)
85 (40.5)
4.34 (0.037)

42 (9.6)
75 (17.1)
150 (34.2)
131 (29.8)
41 (9.3)

44 (14.0)
54 (17.1)
88 (27.9)
85 (29.0)
44 (14.0)
9.37 (0.053)
55.3 ± 12.7
0.6172

14 (13.3)
15 (14.3)
30 (28.6)
26 (24.8)
20 (19.1)
10.23 (0.037)
56.4 ± 13.4
0.6325

30 (14.3)
39 (18.6)
58 (27.6)
59 (28.1)
24 (11.4)
5.69 (0.224)
54.7 ± 12.3
0.3159

55.7 ± 11.0

284 (64.7)
155 (35.3)

176 (55.9)
139 (44.1)
5.99 (0.014)

327 (74.5)
112 (25.5)

176 (55.9)
139 (44.1)
28.58 (0.000)

266 (61.4)
154 (35.6)
13 (3.0)

61 (58.1)
44 (41.9)
1.59 (0.208)

185 (59.1)
106 (33.9)
22 (7.0)
6.58 (0.037)

115 (54.8)
95 (45.2)
5.91 (0.015)

65 (61.9)
50 (38.1)
14.19 (0.000)

120 (57.1)
90 (42.9)
19.90 (0.000)

63 (60.6)
35 (33.7)
6 (5.8)
1.91 (0.385)

122 (58.4)
71 (34.0)
16 (7.7)
7.07 (0.029)

1

Six controls and two cases were excluded because of unknown CYP2E1 genotype.

Table 2 CYP2E1 genotypes and risk of colorectal cancer
1

2

Cases (n )

Controls (n )

OR (95% CI)

OR (95% CI)

c1/c1
c1/c2
c2/c2

185
106
22

266
154
13

1.00
0.99 (0.72-1.35)
1.54 (1.07-2.19)

1.00
0.99 (0.72-1.35)
1.55 (1.08-2.22)

c1/c1
c1/c2
c2/c2

63
35
6

266
154
13

1.00
0.96 (0.61-1.52)
1.36 (0.82-2.25)

1.00
0.95 (0.60-1.51)
1.40 (0.84-2.33)

c1/c1
c1/c2
c2/c2

122
71
16

266
154
13

1.00
1.01 (0.71-1.44)
1.61 (1.09-2.36)

1.00
1.01 (0.71-1.44)
1.64 (1.12-2.41)

Genotype
Colorectal cancer

Colon Cancer

Rectal cancer

1

ORs were adjusted for age and sex in a logistic regression model. 2ORs were adjusted for age, sex and status of smoking and alcohol drinking.

between control and colorectal (χ2MH = 6.58, P = 0.037)
or rectal (χ2MH = 7.07, P = 0.029) cancer cases. The allelic
distribution of the RsaⅠpolymorphism for controls was
in Hardy-Weinberg equilibrium ( χ 2 = 2.77, P > 0.05).
It shows that the controls from general population are
representative. The CYP2E1 RsaⅠc2/c2 genotype was
associated with significantly increased ORs for colorectal
cancer (sex-, age- and habits of smoking and alcohol
drinking adjusted OR = 1.55, 95% CI, 1.08-2.22) and rectal
cancer (adjusted OR = 1.64, 95% CI, 1.12-2.41) (Table 2).
Table 3 shows the results of the multivariable analysis
of smoking, alcohol drinking and CYP2E1 RsaⅠc2/c2
genotypes and risk of colorectal cancer. The smoking habit
was not associated with any increased OR for colon or
rectal cancer, but alcohol drinking was linked with elevated

Table 3 Logistic regression analysis on smoking, alcohol
drinking and CYP2E1 c2/c2 genotypes and risk of colorectal
cancer
Colorectal cancer
1
OR (95% CI)
Smoking
1.01 (0.69-1.47)
Alcohol drinking
1.91 (1.31-2.80)
CYP2E1 c2/c2
1.50 (1.05-2.15)

Colon cancer
1
OR (95% CI)
0.84 (0.49-1.44)
1.68 (0.97-2.89)
1.34 (0.81-2.23)

Rectal cancer
1
OR (95% CI)
1.08 (0.70-1.67)
2.08 (1.36-3.19)
1.58 (1.08-2.32)

1

Logistic regression model included age (continuous), sex, smoking
(nonsmoker, current + former smoker), alcohol drinking (nondrinker, current
+ former drinker) and CYP2E1 genotype (c1/c1 + c1/c2, c2/c2).

ORs for colon (1.68, 95% CI, 0.97-2.89) and rectal (2.08,
www.wjgnet.com
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Table 4 Interaction between the CYP2E1 genotype and the status of smoking and alcohol drinking, and the odds ratios (ORs) for
colorectal cancer
CYP2E1 genotype
Smoker
No
No
Yes
Yes
Drinker
No
No
Yes
Yes

Controls

n

n

c1/c1 + c1/c2
c2/c2
c1/c1 + c1/c2
c2/c2

275
5
145
8

162
14
129
8

c1/c1 + c1/c2
c2/c2
c1/c1 + c1/c2
c2/c2

313
9
107
4

174
10
117
12

Colorectal cancer
1
OR (95% CI)

n

Colon cancer
1
OR (95% CI)

n

Rectal cancer
1
OR (95% CI)

1.00
2.20 (1.31-3.70)
1.34 (0.93-1.92)
1.41 (0.50-3.96)

57
4
41
2

1.00
1.95 (0.99-3.86)
1.11 (0.66-1.88)
0.91 (0.18-4.57)

105
10
88
6

1.00
2.30 (1.32-3.99)
1.48 (0.98-2.25)
1.75 (0.57-5.42)

1.00
1.41 (0.89-2.24)
1.86 (1.28-2.68)
5.42 (1.65-17.40)

62
2
36
4

1.00
1.09 (0.50-2.38)
1.50 (0.89-2.55)
4.74 (1.10-20.40)

112
8
81
8

1.00
1.55 (0.95-2.53)
2.07 (1.37-3.14)
5.75 (1.65-20.05)

1

ORs were adjusted for age and sex.

95% CI, 1.36-3.19) cancers. The CYP2E1 RsaⅠc2/c2
genotype significantly increased the OR for rectal cancer
(1.58, 95% CI, 1.08-2.32).
Table 4 shows the results of interaction analysis of
the CYP2E1 RsaⅠpolymorphism with smoking and
alcohol drinking habits. Among nonsmokers, RsaⅠ
c2/c2 was associated with elevated ORs for colon (1.95,
95% CI, 0.99-3.86) and rectal (2.30, 95% CI, 1.32-3.99)
cancers. Among smokers with the RsaⅠc2/c2 genotype,
no increase in the OR for colon cancer was observed, and
the slightly increased OR for rectal cancer also was not
statistically significant.
Among carriers of the RsaⅠc1 allele, alcohol drinking
was significantly associated with an elevated OR for rectal
cancer (2.07, 95% CI, 1.37-3.14). As compared with nondrinkers with the RsaⅠc1 allele, drinkers with RsaI c2/c2
genotype had significant increased ORs for colon cancer
(4.74, 95% CI, 1.10-20.40) and rectal cancer (5.75, 95% CI,
1.65-20.05).

DISCUSSION
The present study revealed a significant association
between the CYP2E1 RsaⅠc2/c2 genotype and risk of
rectal cancer, as well as a notable interaction with smoking
or alcohol drinking as environmental factors.
Previous investigations showed inconsistent findings.
As regards colorectal cancer, Kiss et al [24] found the
CYP2E1 c2 allele to be significantly associated with
colorectal cancer (OR: 1.91, 95% CI, 1.05-3.52) in a
Hungarian population. Yu et al[25] found the CYP2E1 PstⅠ
c2 allele to be a susceptibility factor for colorectal cancer,
especially for colon cancer, and there is an apparent geneenvironment interaction with salted food in a Chinese
population. In a study from the Netherlands, although
calculation of crude ORs revealed an increased risk for
colorectal cancer associated with the variant CYP2E1
genotype (OR: 2.2, 95% CI: 1.3-3.8), this was no longer
evident after adjustment for age and gender[35].
The reason for the inconsistent findings for the
CYP2E1 polymorphism is unknown but clearly variation
with ethnicity and gender could contribute to differences
in inf luence on neoplasia. T he rare RsaⅠallele is
considered to result in increased transcriptional activation
www.wjgnet.com

of the CYP2E1 gene[2,3], with elevated expression levels
of CYP2E1 mRNA and protein [3,37]. However, several
studies demonstrated common genotype carriers to
have the higher CYP2E1 enzyme activity[4,5]. Differences
in CYP2E1 activity by ethnicity and gender have also
been reported, females showing 25% lower activity than
males[7,38]. Japanese appear to demonstrate 30%-40% lower
activity of CYP2E1 than Caucasians, even after taking
account differences in body size[39].
In the present study, we found a gene-environmental
interaction between the CYP2E1 polymorphism and
smoking. Thus, increased risk of colon or rectal cancer was
associated with the CYP2E1 RsaⅠc2/c2 genotype among
smokers, but not non-smokers. A similar phenomenon
was also found in another study[40]. It has been shown
that among non-smokers, urinary styrene metabolites are
significantly decreased in subjects with c1/c1 alleles of
CYP2E1 as compared with those with the c1/c2 genotype,
whereas no significant differences in urinary metabolites
were noted among smokers[41].
We found alcohol drinking to significantly increase
risk of cancer development, especially in the rectum,
and there was a significant interaction with the CYP2E1
RsaⅠc2/c2 genotype in both the colon and rectum.
Our results are consistent with previous investigations
indicating that alcohol consumption is associated with
an increased risk for cancers of many organs, such as
oral cavity, pharynx, larynx, esophagus, breast, liver,
ovary; colon, rectum, stomach and pancreas[42]. Chronic
ethanol consumption may promote carcinogenesis by (1)
production of acetaldehyde, which is a weak mutagen
and carcinogen; (2) induction of CYP2E1 and associated
oxidative stress and conversion of pro-carcinogens to
carcinogens; (3) depletion of S-adenosylmethionine and,
consequently, induction of global DNA hypomethylation;
(4) induction of increased production of inhibitory
guanine nucleotide regulatory proteins and components
of extracellular signal-regulated kinase-mitogen-activated
protein kinase signaling; (5) accumulation of iron
and associated oxidative stress; (6) inactivation of the
tumor suppressor gene BRCA1 and increased estrogen
responsiveness (primarily in breast); and (7) impairment
of retinoic acid metabolism[43]. Alcohol also can affect the
pharmacokinetics of drugs by altering gastric emptying
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or liver metabolism by inducing CYP2E1 [43]. CYP2E1
is the key microsomal enzyme that metabolizes alcohol
in the non-alcohol dehydrogenase pathway. Choi et al[44]
also discovered that "ever"-drinking women with the
CYP2E1 c2 allele containing genotypes had an increased
risk of developing breast cancer compared to non-drinkers
with the CYP2E1 c1/c1 genotype in the Korean population.
Finally, some limitations require discussion. Because the
frequency of the CYP2E1 RsaⅠc2/c2 genotype is lower
in subjects, only relatively small numbers were available
for subgroup analyses, with consequent reduction in the
magnitude of statistical power and increase in the potential
for random error. Another possible problem is selection
bias for controls, these being recruited by local health staff,
albeit from the general population with a high response
rate. The proportional distribution of female in controls
was higher than that in colorectal cases, which may have
caused a lower prevalence of smokers and alcohol drinkers
in the present controls, though we adjusted for sex and age
in all statistical analyses.
In summary, the present study revealed a link between
the CYP2E1 RsaⅠpolymorphism and increased risk of
rectal cancer, with a significant interaction between the Rsa
Ⅰpolymorphism and smoking and alcohol drinking habits
regarding development of both colon and rectal cancers.
The data provide support for our hypothesis that cancer
susceptibility with the CYP2E1 polymorphisms may be
altered by background environmental factors.
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environment interactions in identifying individuals at risk for colon or rectal cancer.
These results have some theoretical and application values in the etiology and
prevention of colorectal cancer.

Terminology

CYP2E1: cytochrome P450 2E1. CYP2E1 RsaⅠpolymorphism: RsaⅠenzyme
recognized polymorphism in CYP2E1 gene.
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risk associated with this polymorphism was negated in smokers. Furthermore,
a significant cooperative action was seen between the c2/c2 genotype and
alcohol consumption in both colon and rectal cancers. The experiments contain
appropriate controls and weightings of the data taking into consideration age, sex,
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Abstract
AIM: To establish the role of enteric glial cells during
infection with Mycobacterium avium subspecies
paratuberculosis (MAP) in Crohn’s disease.
METHODS: In order to establish the role of enteric
glial cells during infection with M. avium subspecies
paratuberculosis (MAP) in Crohn’s disease, Map adhesion
experiments on enteric glial cells were performed as
well as expression analysis of Map sigma factors during
infection.
RESULTS: In this study, for the first time, we found a
high affinity of MAP to enteric glial cells and we analyzed
the expression of MAP sigma factors under different
conditions of growth.
CONCLUSION: The fact that Map showed a high affinity
to the glial cells raises concerns about the complicated
etiology of the Crohn’s disease. Elucidation of the
mechanisms whereby inflammation alters enteric neural
control of gut functions may lead to novel treatments for
Crohn’s disease.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Several cell lines of the gut have been extensively studied
such as intestinal epithelial cells, immune cells, smooth
muscle cells and enteric neurons[1-4]. However, very little
is known about enteric glial cells which belong to the enteric nervous system (ENS) along with the neurons[5]. The
ENS, comprised of several plexuses, is located alongside
the intestinal wall. The enteric glia are localised within
the mucosal plexuses and the glial processes make close
contact with the epithelial cell layers. The epithelial crypt
bases, in particular, are surrounded by a dense network
of glial cells[6]. These glial cells are small, star shaped with
different processes of various length and shape [6]; they
are morphologically and immunohistochemically different
from microglia of the central nervous system and from
all other peripheral glia and appear more closely related to
astrocytes although functionally different[6]. Evidence for
functional heterogeneicity of enteric glia has recently been
described[7]. The enteric glial cells (EGC) could participate
in neurotransmitter synthesis/inactivaction or in synaptic
transmission. Moreover, they may also interact with intestinal capillaries to modulate endothelial permeability[8].
It has been shown that the enteric nervous system regulates intestinal barrier functions by regulating the zonula
occludens-tight junctions[9]. Regarding EGC, it has been
shown in a mouse model that EGC ablation results in
fulminant intestinal inflammation due to disregulation and
rupture of the epithelial intestinal barrier[8,10]. It has been
suggested that there is a direct interaction between EGC
(releasing soluble factors) and epithelial cells to enhance
the intestinal epithelial cells[5]. Moreover they could have a
role in the prevention of epithelial barrier disorganization
and hyperproliferation during bacterial infection, inflammatory processes and neoplasia[11-13]. All these findings
indicate that glial cells may be an important component of
the intestinal mucosal defense system.
On the other hand, Mycobacterium avium subspecies
paratuberculosis is the causative agent of Johne’s disease,
a chronic and incurable disease affecting ruminants and
other animals[14]. Moreover, there is increasing evidence of
its involvement in the enteric granulomatous syndrome of
www.wjgnet.com
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Table 1 PCR primers, targets, position on the sequences
Target
16S
sigA
sigB
sigC
sigD
sigE
sigF
sigF-like
sigG
sigH
sigI
sigJ
sigL
sigM
Other ECF-1
Other ECF-2
Other ECF-3
Other ECF-4
Other ECF-5
Other ECF-6

Primer name
MAP16Sfor
MAP16Srev
sigAfor
sigArev
sigBfor
sigBrev
sigCfor
sigCrev
sigDfor
sigDrev
sigEfor
sigErev
sigFfor
sigFrev
sigF-likefor
sigF-likerev
sigGfor
sigGrev
sigHfor
sigHrev
sigIfor
sigIrev
sigJfor
sigJrev
sigLfor
sigLrev
sigMfor
sigMrev
sigECF1for
sigECF1rev
sigECF2for
sigECF2rev
sigECF3for
sigECF3rev
sigECF4for
sigECF4rev
sigECF5for
sigECF5rev
sigECF6for
sigECF6rev

5'-3' sequence
ATCATGCCCCTTATGTCCAG
TGAGACCGGCTTTAAAAGGA
GTACGCCACCCAGCTGATGTCG
CGTCGCGGCAGATCCACAT
GACCTGCTCGAGCACAGC
CAGCACGCTGCGGATGTCGGTG
ACATCCGTCACCTGCAGTC
GTCACCTCGACCAGATCCTC
CTTCCTGGCTTTCCTGTACG
GATGGACTCGGTCGGGTAG
CACCCAGGAGACCTTCATCC
GACCATGTCCAGGAACAG
GGCAGCTCCTACAACACCTT
ACTCCTGGTCCTCGATCCGG
ATGACCAACGCAATCGCTCC
GGCATCCGGCGCAGTTCCA
GCGTTCGAAAGCTACGACAT
CTGATACCACCCGGTGTACG
AATCTCAAGGCGTGGCTCTA
TGATTTCCTCGGTCGGATAC
GGGCGACATCGACGACGTGC
GACATCGCCCGGACGTTCGTG
GCATCTACACGGCGGGCCTG
GGCGAACCGGTGAACTTGT
CGTGATCGAACGGTCCTACT
CCGCACCGCATAGTGTAGT
TGGCTGCACCGCATCGTG
TCGGCGACCGGATAGTAGTCT
GTTCTCCGCCGAGTCGATTT
GTCGAATCCGAACACCTCAC
GCATCCACACGATCGACAT
GGTTGTGATGTTCCTGAACC
GTCGGTCATGGGTTTCGT
GCACCCAGCTCCAGTTTC
GATCTCGTCGGCATCTCG
TCCAATTCGTTTCGGAGATT
GCAATTGACCCGTTCACC
CTCCTCCAAAGCGGCTAAG
TGCAAGGTAATTCGATCAAGG
TCCCTCGTTGACCTGTGC

1

Position
1179-1198
1259-1278
714-735
787-805
646-663
783-804
1088-1106
1177-1195
249-268
324-242
327-346
418-435
493-512
597-616
1-20
88-107
622-641
692-711
385-404
465-484
150-169
235-255
740-759
857-875
399-418
491-504
238-255
315-335
310-328
492-411
839-857
914-933
780-797
855-873
502-519
592-611
945-962
1020-1038
419-439
511-528

1

longest sequence available (primary and TIGR annotation). ECF: Extracitoplasmatic function; TIGR: The Institute for Genomic Research.

humans called Crohn’s disease[15-17]. For all these reasons
we analyzed the interactions between EGC and M.
paratuberculosis in vitro.
Sigma factors are part of the transcriptional regulators
family and are responsible for binding to the RNA
polymerase complex (composed of four distinct subunits);
to recognize promoters and separate DNA strands[18]. In
fact, every sigma factor has its own specificity, allowing the
initiation of transcription of different subset of genes[18,19].
Some sigma factors (sigD, sigE, sigC, sigH and sigL) play
a role in the virulence of M. tuberculosis[20,21]. The number
and abundance of sigma factors reflect the ability of the
bacterium to cope with various environmental conditions,
stresses and insults[18,22].
In this study the expression of all 19 sigma factors of M.
paratuberculosis were also tested during EGC infection.

MATERIALS AND METHODS
Bacterial strains and culture conditions
M. paratuberculosis ATCC 43015, of human source was
www.wjgnet.com

obtained from The RIVM, Bilthoven, The Netherlands.
M. paratuberculosis for DNA extraction was grown in
Mycobacteria Growth Indicator Tube (MGITl) medium
supplemented with Mycobactin J and egg yolk. Murine
enteric glial cells were previously isolated and characterized
by Dr. Anne Ruhel[23].
Identification of M. avium subsp. paratuberculosis putative
sigma factors
Identification of individual sigma factors in M. avium
subspecies. paratuberculosis was obtained by text annotation
searches and by BlastP similarity searches using M. smegmatis
and M. tuberculosis H37Rv Sigma ORF as queries. Primers
used in real time PCR are described in Table 1.
DNA extraction
DNA extraction was performed using the Ribolyser system
(HYBAID, USA) and purified as previously described[17].
PCR conditions
Oligonucleotide sequences and position are reported in
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Figure 1 Relative quantification of expression of MAP sigma factors relative to
the expression of the 16S rRNA MAP gene (calculated by the Biorad software) by
Real Time PCR after different conditions of growth. a: After growth in 7H9 medium
plus mycobactin J; b: Infection of EGC after 6 h of incubation; c: Infection of EGC
after 48 h of incubation; d: Infection of EGC cells after 7 d of incubation.

Table 1. Specificity of primer pairs was ascertained with
PCR with the following conditions: MgCl2 1.5 mmol/L,
deossi Nucleotide Triphosphate (dNTPS) 150 μmol/L,
primers 0.2 μ mol/L each, Taq 0.025 U/ μ L reaction
volume. After an initial denaturation of 3 min at 94℃, 30
cycles of 1 min at 94℃, 1 min at 58℃, 1 min at 72℃ and
a final extension at 72℃ for 5 min were performed. Only
the amplification products of the expected length were
obtained.
RNA extraction
RNA was extracted using the Ribolyser instrument [17].
RNA was extracted from MAP cells after different
conditions: (1) growth in 7H9 medium plus Mycobactin
J, (2) after addition of lysozyme at 24 h and 7 d; (3) after
infection of EGC line, after 6 h, 24 h, 48 h and 7 d. RNA
was quantified for further experiments and samples were
stored at -80℃ until further use. cDNA was prepared by
an initial incubation at 65℃ for 10 min of the reaction
mixture containing 100 µmol/L oligo-dT and 10 µL of
extracted RNA; this first step was followed by a second
incubation of 1 h at 42℃ of the mixture containing 50
U/reaction of reverse transcriptase (Mooloney-Murine
Leukemia Virus M-MLV 200 U/µL), 0.1 mol/L buffer 5 ×
Tris HCl pH 8.3 (Life Technologies) with 150 mmol/L
KCl, 7 mmol/L MgCl 2 and 20 mmol/L dithiothreitol
(DTT); 0.1 mol/L DTT, 10 mmol/L dNTPs, 40 U/µL
RNase inhibitor.
Real time PCR analyses
Real Time PCR was perfor med using the iCycler
Detection System (Biorad) with the SyberGreen assay
(Applied Biosystems). Gene expression of all the Sigma
factors (except Extracytoplasmic function 3 ECF3)
was determined using quantitative Real-Time PCR by
comparing the fluorescence produced by test samples to
that of the 16S rRNA gene expression (house-keeping
gene). Five micro liters of cDNA was subjected to PCR (1
cycle at 94℃ for 1 min; 50 cycles at 94℃ for 30 s and at
60℃ for 40 s) with primers that amplified 16S rRNA, all 19
sigma factor genes. PCR was carried out with the following
reaction-mixture in a total volume of 30 µL: 1 × of 10 ×

B

Figure 2 MAP cells stained with auramine rodhamine at 6 h after infection of EGC
(A) and without infection (B) and visualized under a fluorescence microscope (×
100).

buffer, MgCl2 1.5 mmol/L, dNTPs 0.2 mmol/L, primers
0.5 µmol/L each, DNA polymerase 0.5 U/sample. PCR
was performed in a 96 well plate, for each sample 2 wells
were utilized to guarantee uniformity in results. The
quantitative analysis of the data obtained was performed
by Biorad's method of relative quantitation of gene
expression (Bio-Rad Laboratories, USA).
Infection experiments
Glial Enteric cell lines were cultivated in 24 well plastic
dishes. The EGCs were cultivated in Dulbecco's modified
Eagle medium supplemented with 15% fetal bovine serum
and 4 mmol of L-glutamine per liter. All tissue culture
reagents were obtained from Sigma (Sigma Chemical Co.).
Cells were seeded at 2 × 104 cells per well and incubated
at 37℃ in 5% CO2. EGC cells were used when they were
semiconfluent. MAP grown over night in 7H9 broth (with
mycobactin J) was diluted in cell medium. One milliliter
containing 106 bacteria was added to each well containing
EGCs (cells were infected at a ratio of bacteria/cells of
10:1). After two hours infected EGCs were washed with
cell medium containing Kanamycin 100 μ g/mL and
incubated with the same medium. Cells were stained with
auramine rodhamine at the different incubation times (6 h,
48 h and 7 d at 37℃) to visualize MAP, and counted as
previously described[17].

RESULTS
Expression of sigma factors in different conditions of
Growth
7H9 broth plus mycobactin J: MAP during growth in
www.wjgnet.com
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broth 7H9 supplemented with Mycobactine J, expressed
several sigma factors as expected (Figure 1A). SigA, Sig D,
SigE, Sig G and SigⅠwere among the most expressed ones
as compared to the 16S rRNA expression taken as house
keeping gene whereas ECF1 and sig J were expressed in
lower quantity (Figure 1A).

animals. Moreover, evidence of its involvement in Crohn’s disease is accumulating.
MAP enter the host through Peyer’s patches and intestinal epithelium and are
sampled by intestinal dendritic cells; they survives inside macrophages. Nothing
is known about the role of enteric glial cells during MAP infection thus we
performed this study to establish the role of enteric glial cells during infection with
Mycobacterium avium subspecies paratuberculosis (MAP) in Crohn’s disease.

Infection of EGC: The expression of the 19 sigma
factors of MAP was observed and quantified after growth
infection of EGC at 6 h, 48 h and 7 d (Figure 1 B-D).
Soon after infection, expression of all sigma factors shut
down, except for sig J which was expressed in high quantity
(Figure 1B). The expression of sig J increased after 48 h
(Figure 1C) and 7 d. SigA was overexpressed after seven
days (Figure 1D), at the same time an expression of sig
Ⅰwas also detected. Figure 2 reveals an example of
EGC infection by MAP where bacteria were visualized
within the intestinal glial cells after staining with auramine
rodamine as compared to control cells not infected.

It is firmly established that intestinal inflammation is accompanied by functional
and structural alterations of the Enteric Nervous System to which belong Enteric
Glial Cells. In Crohn’s disease patients, a compromised glial network that responds
poorly to inflammatory stimuli has been suggested. Our report will open a new
frontier on the interaction of MAP and enteric glia cells supporting the idea that
Crohn’s disease is associated with the invasion and persistence of a multi host
pathogen as it is MAP.

DISCUSSION
Enteric glias are distinct from all other glial cell types[5,7].
No gastrointestinal disorder has been reported linked to
glial defect yet, most probably because subtle changes in
glial function might be involved in the etiopathogenesis of
enteric disorders. Crohn’s disease with neuroinflammation
and neurodegeneration components may be associated
with EGC alteration [23-25] . Indeed EGC interact with
enteric neurons, endothelial cells, immune cells and the
intestinal epithelium; all these factors can contribute to the
pathogenesis of Crohn’s disease. In our experiments, we
found that MAP has a high affinity to EGCs. Experiments
“in vitr o” show a high adhesion and intracellular
multiplication as confirmed by the active expression of
sigA (the housekeeping sigma factor) after seven days
of infection along with the expression of sigJ and sigI
(expressed in different conditions of cellular stress).
The fact that this dangerous intestinal pathogen has
a demonstrated affinity to the glial cells and that MAP
has recently been reported in substantial percentages of
Crohn’s patients[15-17] raises concerns about the complicated
etiology of the Crohn's disease.
MAP expression of sigma factors in EGC is very
similar to sigma factor expression after infection of
the Caco2 intestinal epithelial cell line (manuscript in
preparation) and shows how there is a rapid change in
gene expression after cell infection.
EGCs are an active part of an intestinal network
system essential for a healthy and functional gut[23,26,27].
The role of EGC in Crohn's and other enteric diseases is
not well studied and this is the first report that attempts
to unravel interaction between an intestinal pathogen and
EGC. Future work is certainly needed to elucidate this
complex interaction.

Research frontiers

Innovations and breakthroughs

This is the first research that highlights the interaction of a true enteric pathogen
such as Map with Enteric glial cells. This study will open the research field in this
matter.

Applications

Enteric glial cells may be the target of a series of cytokine modulators or drugs.
Map will be recognized as a pathogen associated with intestinal disorders.

Terminology

EGCs: enteric glial cells; Map: Mycobacterium avium subs. Paratuberculosis;
ENS: Enteric nervous system; Johne’s disease: Enteric granulomatous infection
of ruminants caused by Map; Crohn’s disease: Enteric granulomatous chronic
inflammation in humans with ulcerative colitis (UC) forms inflammatory bowel
disease (IBD).

Peer review

The manuscript by Sechi et al describes the expression of MAP sigma factors
during infection of enteric glial cells. The first findings that sigma factors are
differentially expressed during infection are very promising.
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Abstract
AIM: To study the predictive value of the vegetativedepressive symptoms of the Zung Depression Rating
Scale for the occurrence of depression during treatment
with peg-interferon α-2b of chronic hepatitis C (CHC)
patients.
METHODS: T h e pre dic t ive value of ve ge t at ive depressive symptoms at 4 wk of treatment for the
occurrence of a subsequent diagnosis of major
depressive disorder (MDD) was studied in CHC patients
infected after substance use in a prospective, multicenter treatment trial in Belgium. The presence of
vegetative-depressive symptoms was assessed using the
Zung Scale before and 4 wk after the start of antiviral
treatment.
RESULTS: Out of 49 eligible patients, 19 (39%)
developed MDD. The area under the ROC curve of the
vegetative Zung subscale was 0.73, P = 0.004. The
www.wjgnet.com

sensitivity at a cut-point of > 15/35 was 95% (95% CI:
74-100). The positive predictive value equalled 44% (95%
CI: 29-60).
CONCLUSION: In this group of Belgian CHC patients
infected after substance use, antiviral treatment caused
a considerable risk of depression. Seven vegetativedepressive symptoms of the Zung scale at wk 4 of
treatment predicted 95% of all emerging depressions, at
a price of 56% false positive test results.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Following the recent expert consensus, patients with
chronic hepatitis C (CHC) should now receive interferon
(IFN) and ribavirin regardless of psychiatric status, except
in uncontrolled psychiatric disease[1-3]. As 23%-44% of
patients treated with IFN develop depressive symptoms
during treatment[4,5] and since, more patients are treated,
interferon-induced psychiatric illness is likely to become an
increasingly important clinical problem[4,6-14].
IFN-induced depression appears to be a depressive
disorder that is unusually responsive to antidepressant
treatment. Approximately 80% of patients are responsive
within 4 wk[15]. This high response rate may be related to
the usually short duration of this illness when treatment
is initiated, to the mild to moderate severity of illness in
most cases[1], but also to the mainly interferon-induced
influences on the central nervous system[16].
Based on the results of a small scale study (n = 16),
it has been hypothesised that vegetative symptoms are
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early predictors for the emergence of full depression[9].
We wanted to confirm or refute this finding in a larger
patient group of CHC positive substance users, classically
considered as predisposed for depression[17].
Therefore, the predictive value of an increase in the
score of the seven vegetative-depressive symptoms from
the 20-item Zung Depression Rating Scale[18] was studied
in a new study in substance users, using the emergence of
a DSM-Ⅳ based major depression during treatment as the
outcome measure.

MATERIALS AND METHODS
Subjects
Previously untreated patients, 18 years or older, with
compensated chronic HCV infection acquired after
substance use, with a serum alanine aminotransferase level
above the upper limit of normal, and positive serum HCV
RNA were eligible for the study.
HCV patients infected after substance use were defined
as patients who were HCV-positive and who had used
cocaine, heroin or LSD at least once. All of them were
currently or previously cared for in multidisciplinary and
specialised programs, according to criteria defined in the
Belgian guidelines for the treatment of CHC patients
infected after substance use (Table 1) [1]. Patients, who
had co-infections such as hepatitis B virus or human
immunodeficiency virus, or patients with a diagnosis of
uncontrolled neurological, cardiovascular, endocrine,
haematological, hepatic or renal disease or patients with
insufficient knowledge of the Dutch or French language
were excluded.
The study was approved by the ethical review board of
the Catholic University of Leuven Medical School and by
the Medical Ethical Committees of each of the different
centres, and carried out in accordance with the Declaration
of Helsinki. Written informed consent was obtained from
each subject prior to participation.
Methods
Patients were treated in a prospective, randomised,
multi-center study in Belgium between November 2001
and February 2004 with pegylated interferon α-2b, 1.5
μg/kg weekly by subcutaneous injection in combination
with ribavirin (administered orally, 1000-1200 mg/d,
depending on body weight) or interferon α-2b PEN 3
MIU subcutaneously 3 times/wk in combination with
ribavirin (administered orally, 1000-1200 mg/d, depending
on body weight). The total duration of therapy for the
two study medication arms was 48 wk if the patient was
infected with genotype non-2-3 and 24 wk if the patient
was infected with genotype 2-3. The patients were required
to use effective birth control. A subgroup out of the study
centers that collaborated to the study, also recorded the
emergence of depression. In this group we systematically
investigated the occurrence of depression during therapy
in patients who were not already depressed at baseline.
A complete medical history, physical examination,
laboratory blood test and liver biopsy were performed
before study entry. A liver biopsy was performed before
randomisation.
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Table 1 Characteristics at baseline of chronic hepatitis C
patients infected by substance use in a Belgian population
eligible for treatment in a randomised trial
Characteristics
at baseline

n

Age at baseline (yr)
at exposure (yr)
at infection (yr)
Body mass index
Genotype (%)
-non 2-3
-5
Gender (%)
F
M
Methadone user (%)
Drug user active (%)
IVDU (%)
Activity1
A0 + 1
A2 + 3
Fibrosis1
F0 + 1
F2 + 3
-F4
Steatosis1
S0
S1
S2 + 3
ASAT at
baseline (IU/L)
ALAT at
baseline (IU/L)

49
49
49
33

37
27
33
25

37
28
36
25

37
27
35
25

0.99
0.55
0.58
0.93

25
22

73
27

36
64

53
47

0.02a

11
38
49
48
49

26
74
39
59
91

19
81
35
54
92

22
78
37
56
92

0.73

40
5

81
19

96
4

89
11

0.17

20
22
3

38
48
14

50
50
0

44
49
7

0.19

20
12
11
49

40
30
30
59

52
26
22
77

47
28
26
68

0.73

49

87

127

108

Total Wilcoxon
Weekly
Thrice in
rank sum
pegylated
wk 3
test or fishers
interferon
MIU
exact test
interferon

0.77
0.77
1.00

0.2098
0.0635

IVDU: Intravenous drug users; ASAT: Aspartate aminotransferase; ALAT:
Alanine aminotransferase. 1According to metavir score for liver biopsy. aP < 0.05
between genotype-2-3 and non 2-3.

Risk determination
In total, 12 hepatologists in collaborating treatment centres
(in whom 49 patients were treated) agreed to apply a
20-item Zung self-rating depression scale (SDS) at wk 0, 4
wk after start of treatment and after the treatment regimen
was completed. Zung scale results could score between 25
(normal) and 100 points. A high score indicates a depressive
attitude. A cut-off of equal to and higher than 60/100 was
considered as indicative for diagnosable depression[18].
Cognitive-depressive and vegetative-depressive
symptom dimensions were constructed as described
earlier[19]. The vegetative-depressive symptoms (Diurnal
variation, lack of sleep, loss of appetite, loss of sex drive,
weight loss, constipation, fatigue) were scored from 1 to 4
(in the analysis multiplied with 5/4).
Outcome measures
Clinical diagnosis of depression was confirmed by a
qualified psychiatrist on the basis of DSM-Ⅳ criteria for
major depression[20].
Statistical analysis
Quantitative measures are expressed as mean or as
median. Qualitative variables are presented as counts and
percentages.
www.wjgnet.com
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Figure 1 Flow chart of the patients included in the study.

0
0

The χ2 test statistic and logistic regression methodology
were used to compare two patient subgroups with respect
to categorical outcome measures. T-tests for independent
samples and linear regression methodology were applied
to compare subgroups for differences in means of
continuous variables. Non-parametric test statistics such as
the Wilcoxon Rank Sum test were used if normality was
absent.
In identifying an optimal cut-point for the Zungvegetative symptoms score, we searched for a maximal
sensitivity with a positive predictive value of at least
around 50%. We report the full ROC curve, the AUC
and its confidence interval for the four-week vegetative
subscale of the Zung and the AUC and the P-values for
possible alternative measures.

RESULTS
Participants
Eighty patients in whom chronic he patitis C was
diagnosed as acquired after substance use were randomised
to treatment with either interferon α -2b or pegylated
interferon α-2b combined with ribavirin and were followed
by a hepatologist who accepted to apply the Zung rating
scales. Fourteen patients never started the study because
they were still consuming substances in an uncontrolled
way. Nine had major depressive disorder (MDD) at
baseline and were therefore excluded. For 8 patients data
collection was incomplete. In total 49 eligible patients were
included in this analysis (Figure 1).
Baseline characteristics
Demographic characteristics and clinical data for all
eligible patients not having depression at baseline (n =
49) are summarized in Table 1. There were no baseline
differences between the two treatment groups, with the
exception of HCV genotype distribution (P = 0.02) and
alanine aminotransaminase (ALT) level (P = 0.06).
Depression (DSM Ⅳ )
Nineteen patients became depressed during antiviral
www.wjgnet.com
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Figure 2 ROC prediction of depression based on vegetative Zung scale at wk 4.

treatment. Median time to depression ranged from 4 to 26
wk and was distributed over this whole period with a mean
of 10 wk.
Zung scale
At baseline there was no difference in total, vegetative or
cognitive Zung score between patients who subsequently
became depressed or not.
At wk 4 after treatment start the mean vegetative
Zung scale was higher among the patients developing
depression later on compared to other patients (P = 0.008).
It decreased slightly from baseline to wk 4 (difference:
-0.72; P = 0.49) for patients not getting depressed. Patients
getting depressed increased on average 4.13 points on
the vegetative Zung scale during the first four weeks of
therapy (P = 0.03).
Diagnostic accuracy characteristics
T he ROC cur ve for the prediction of depression
emerging during treatment by the vegetative subscale at
wk 4 is reported in Figure 2. The area under the curve
(AUC) was 0.73 (95% CI 0.58-0.84; P = 0.004). At a
cut-off point of > 17/35, the sensitivity and specificity
of the vegetative subscale at wk 4 were 90% and 30%,
respectively. The positive and negative predictive value
equalled 45% and 82%. For a sensitivity of 95% (95%
CI 74-100) the vegetative subscale criterion was > 15 and
the corresponding specificity 23% (95% CI 10-42), the
positive predictive value 44% (95% CI 39-60) and negative
predictive value 88% (95% CI 47-100).
The increased vegetative Zung scale was not merely a
measure of depression at that moment, but predicted the
occurrence of depression scattered over the weeks and
months afterwards. Results were not different according to
gender, age and genotype.
The change in vegetative symptoms between wk 0 and
4 was marginally predictive (AUC = 0.68; P = 0.06).
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The cognitive subscale at wk 4 was not able to predict
a clinical diagnosis of depression (AUC = 0.62; P = 0.15).
The total Zung at wk 4 did only have marginal predictive
power (AUC = 0.67; P = 0.05).

DISCUSSION
The early presence of vegetative symptoms seems to be
predictive for the occurrence of depression later on. In
a small scale prospective study (n = 16)[9] it was found
that the increase in the vegetative subscale score of the
Montgomery Asberg Depression Rating Scale (MADRS)
or the Hamilton Depression Rating Scale scales after one
week of antiviral treatment following the start of antiviral
treatment in CHC patients was predictive for MDD. We
could confirm these findings in this prospective study
during treatment with regular interferon or pegylated
interferon in combination with ribavirin. Our study was
larger and we had a more vulnerable population resulting
in a higher number of patients becoming depressed during
treatment. In this study, we found that a cut-off point of
> 15/35 at the vegetative subscales at wk 4 resulted in a
sensitivity of 95% at an acceptable positive predictive value
of 44%.
This high sensitivity was found using a questionnaire
of 7 items, part of the 20-item Zung scale. A similar
sensitivity was found using the Minnesota Multiphasic
Personality Inventory[21]. However, this rating scale includes
566 items and is more elaborate to perform in a routine
outpatient clinic.
There was no relation between a higher score or a
significant increase in the cognitive subscale at wk 4 and
a higher risk of subsequent clinical depression. This is in
agreement with the hypothesis formulated in reference[9].
Also, the Zung depression rating scale as a whole
was not predictive for the development of depression
in substance use patients, at least after exclusion of the
patients that were already depressed at baseline. In other
studies the baseline value was found to be predictive
for patients with the Minnesota Multiphasic Personality
Inventory[22], the Hamilton Depression Rating Scale score
(HDRSS)[23] and the Centre for Epidemiological StudiesDepression Scale, CES-D[24] higher than a certain cut-off
level[21,25,26]. However, in these studies people that were
depressed at baseline were not always excluded[25,26].
In our study, an increased vegetative subscale score at 4
wk of treatment predicted diagnosis of major depression
scattered over the weeks and months afterwards. This
scatter is comparable to results found in other recent
studies[4,7-10,25].
Although depressive symptomatolog y occurring
in patients treated with interferon has usually been
called ‘depression’ or ‘major depressive episode', the
more appropriate ter m according to new DSM- Ⅳ
-TR should be ‘substance induced mood disorder’.
There are psychopathological (e.g., more irritability) [27],
epidemiological (the gender difference in major depressive
episode is different from the gender difference in
interferon induced mood disorder) [28] , genetic [29] and
treatment (more patients than in major depressive episode
respond well to SSRIs)[30] arguments to support this really
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to be a different disorder.
This study has some limitations. It was restricted
to substance users with CHC infection and antiviral
treatment. Therefore, it is not possible to extrapolate to
other patient groups. However, from small studies there
seems no difference in the development or the mechanism
of depression in other patient groups [9,30] . Secondly,
although larger than previous studies[9] our sample size is
still relatively low resulting in large confidence intervals.
In conclusion, the development of depression can
reliably be predicted at wk 4 after start of interferon
treatment by an increase in vegetative symptoms of
depression (subscale score) to at least 15/35. This results
in a prediction with a sensitivity of 95%, at the price
of 56% false-positive test results, which for a screening
test is considered to be acceptable. Treatment with
antidepressants may cure or prevent depression and so
increase the treatment adherence. This may improve the
SVR in patients evolving to depression and make the SVR
comparable to SVR in non-depressed patients. To formally
prove this, however, it should be the subject of another
study.

COMMENTS
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Ph Warzée in Reine Fabiola Hospital, Montignies sur Sambre - have presented
a clinical study in which they aimed to show the predictive value of vegetativedepressive symptoms according to the Zung depression rating for subsequent
clinical depression of HCV infected patients during antiviral treatment with
interferon and Ribavirin after 4 wk of treatment. The manuscript is well written and
presents a very interesting clinical study showing convincing data.
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Abstract
AIM: To elucidate the frequency and characteristics
of pancreatic involvement in the course of acute
(nonfulminant) viral hepatitis.
METHODS: We prospectively assessed the pancreatic
involvement in patients with acute viral hepatitis who
presented with severe abdominal pain.
RESULTS: We studied 124 patients with acute viral
hepatitis, of whom 24 presented with severe abdominal
pain. Seven patients (5.65%) were diagnosed to have
acute pancreatitis. All were young males. Five patients
had pancreatitis in the first week and two in the fourth
week after the onset of jaundice. The pancreatitis
was mild and all had uneventful recovery from both
pancreatitis and hepatitis on conservative treatment.
The etiology of pancreatitis was hepatitis E virus in 4,
hepatitis A virus in 2, and hepatitis B virus in 1 patient.
One patient had biliary sludge along with HEV infection.
The abdominal pain of remaining seventeen patients was
attributed to stretching of Glisson’s capsule.
CONCLUSION: Acute pancreatitis occurs in 5.65% of
patients with acute viral hepatitis, it is mild and recovers
with conservative management.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Although hepatitis viruses have a strong tropism for

hepatocytes, viral antigens have also been detected in other
tissues such as the pancreas and gallbladder[1,2]. Several viral
infections have been implicated as an aetiological factor of
acute pancreatitis. The viruses most frequently responsible
are mumps virus, Coxsackie B virus, Epstein-Barr virus
and measles virus[3-6].
Acute pancreatitis is not uncommon in fulminant
hepatic failure (FHF) and has been confirmed based on
histology or serology [7-9]. Acute pancreatitis has been
reported very rarely in acute (nonfulminant) viral hepatitis.
It has been reported with hepatitis A (HAV), hepatitis B
(HBV) and non-A-non-B (blood-borne) and hepatitis E
virus (HEV) infection[10-20].
The aim of this study was to determine the frequency
and characteristics of pancreatic involvement in the course
of acute viral hepatitis.

MATERIALS AND METHODS
Materials
Patients seen at the gastroenterology clinic and ward
of SMS hospital, Jaipur between Januar y 2004 and
December 2006 were included in this prospective
study. Acute viral hepatitis was defined as patients with
prodromal symptoms, deep jaundice, markedly raised
transaminases, presence of markers of hepatitis B
(positive for HBsAg, IgM anti-HBc, HBeAg, but negative
for anti-HBe), hepatitis A (IgM anti-HAV), hepatitis C
(anti-HCV), hepatitis E (IgM-anti-HEV) viruses in serum
and ultrasound abdomen showing thick walled gallbladder
and hypoechoic liver. Patients with other causes of acute
hepatitis, chronic liver disease, history of alcohol intake
and fulminant hepatic failure were excluded from the
study.
The diagnosis of acute pancreatitis was based on
pancreatic type abdominal pain, raised amylase and
lipase levels to three times the upper limit of normal
and ultrasound (US) or contrast enhanced computed
tomography (CECT) of abdomen suggestive of acute
pancreatitis.
Methods
The acute viral hepatitis group underwent hemogram,
serum bilirubin, serum aspartate aminotransferase (AST),
serum alanine aminotransferase (ALT), serum alkaline
phosphatase, prothrombin time, HBsAg, IgM anti-HBc,
HBe Ag, anti-HBe, IgM anti-HAV, anti-HCV, IgM antiHEV and ultrasound abdomen. Serum amylase and lipase,
US of the abdomen and/or CECT were done in patients
who had severe abdominal pain. Informed consent was
obtained from each patient.
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Table 1 Clinical and laboratory characteristics of 124 patients of acute viral hepatitis
Acute viral hepatitis A (n = 16)
Male: Female
Age (yr)1
Clinical features
Jaundice
Prodromal symptoms
Pain abdomen
Pruritis
Hepatomegaly (%)
Splenomegaly (%)
Hemoglobin (gm/dL)1
Platelets (× 105/mm3)1
Total leucocyte count (× 1000/mm3)1
Bilirubin (mg/dL)1
AST (IU/L)1
ALT (IU/L)1
Serum alkaline phosphatase (IU/L)1
Protein/Albumin (gm/dL)1
Prothrombin time prolongation1
Ultrasonography of the abdomen
Thickened gallbladder
Hypoechoic liver
Gallbladder sludge
Ascites
Bulky pancreas

13:3
18.3 (8-35)
15 (93.8)
16 (100)
4 (25)
4 (25)
6 (37.5)
2 (12.5)
12.3 (9.6-14.5)
2.5 (1.8-3.2)
7.9 (6.4-10.5)
9.4 (0.67-35.8)
1969 (60-7715)
2134.3 (56-5165)
521.9 (196-1426)
7.2 (6.5-7.8)/4.0 (3.5-4.6)
4 (2-14)
14 (87.5)
8 (50)
2 (12.5)
1 (6.25)
2 (12.5)

Acute viral hepatitis B (n = 54)
42:12
36 (20-74)
54 (100)
54 (100)
8 (14.8)
9 (16.6)
16 (29.6)
6 (11.1)
12.4 (9-15.1)
1.8 (1.2-2.5)
8.4 (5-10.1)
12.4 (3-36.5)
824 (223-3600)
1024 (489-4900)
424.5 (110-860)
7 (6-8)/3.9 (3.4-4.8)
5.5 (1-11)
38 (70.4)
24 (44.6)
2 (3.7)
3 (5.5)
1 (1.8)

Acute viral hepatitis E (n = 54)
39:15
33.6 (17-62)
54 (100)
54 (100)
12 (22.2)
19 (35.2)
21 (38.9)
5 (9.2)
12.6 (9-14.7)
1.6 (1-3.4)
7.2 (6-10.6)
10.7 (3.3-26.3)
1621.1 (240-3684)
1830.6 (240-5549)
324 (114-647)
6.5 (5.5-8)/3.8 (3.4-4.6)
6 (3-18)
44 (81.5)
26 (48.1)
3 (5.5)
26 (48.1)
4 (7.4)

1

Mean (range).

RESULTS
We had 124 patients with acute viral hepatitis over the
three-year period, consisting of 94 males and 30 females,
with a mean age of 32.7 years (range 8-65). The viral
serology assays showed HBsAg and IgM-anti-HBc in 54
patients, IgM anti-HEV in 54 and IgM anti-HAV in 16
(Table 1). Twenty-four patients (19.4%) presented with
history of severe abdominal pain, and 7 of these (29.2%)
had evidence of acute pancreatitis. So, 5.65% of patients
with acute viral hepatitis presented with acute pancreatitis.
In the remaining 17 patients, the amylase and lipase were
less than three times the upper limit of the normal. They
did not have evidence of acute (calculous or acalculous)
cholecystitis. We attributed the abdominal pain to
stretching of the Glisson’s capsule.
The clinical, laboratory and radiological profile of the
patients with acute pancreatitis is given in Tables 2 and
3. The mean age was 23.9 (range 11-32) years, all were
males. Abdominal pain occurred 2-30 (mean 12) days after
the onset of jaundice. The duration of abdominal pain
ranged from 24 to 120 h. None of the patients had a past
history of jaundice, abdominal pain, alcoholism, trauma,
hyperparathyroidism or drug intake. All patients had
jaundice at presentation, mild hepatomegaly and epigastric
tenderness. Three patients also had features of ileus.
On investigation, mean bilirubin was 16.4 mg/dL
(range 5.8-32.4 mg/dL), mean AST 519 (range 182-1313)
U/L and mean ALT 1371.1 (range 702-2438) U/L.
Amylase and lipase ranged from 275-596 (mean 364.6)
U/L and 520-7258 (mean 2495.4) U/L respectively.
Serum lipid profile and calcium levels were normal in all
patients. IgM anti-HEV, IgM anti-HAV, IgM anti-HBc
were positive in 4, 2 and 1 patient respectively. US could
detect pancreatitis in three patients, minimal ascites and
www.wjgnet.com

biliary sludge in one patient. An abdominal CECT showed
edematous and enlarged pancreas in all patients. There
was no evidence of necrosis. The patient with sludge
showed complete resolution in 2 wk. None of the other
patients had evidence of biliary sludge during follow-up.
The pancreatitis and hepatitis responded to conservative
treatment in all patients. All patients are asymptomatic
after a mean follow-up of 12 (range 8-24) mo.

DISCUSSION
Most cases of acute pancreatitis due to hepatitis viruses
had been reported in association with acute liver failure
(ALF). In the autopsy series of Ham and Fitzpatrick, 14
of the 42 (33%) patients with ALF had acute pancreatitis[8],
the majority being of viral etiology. Similar findings had
been reported by Parbhoo et al[9] in 21 out of 59 patients
(36%) with ALF who had acute pancreatitis. Autopsy
findings of pancreatitis in seven of 16 (44%) patients with
fulminant viral hepatitis, versus two of 33 (6%) patients
with fulminant hepatic failure secondary to halothane,
support the role of viral infection rather than liver failure
per se in causing pancreatitis[21].
There are only a few case reports of symptomatic
pancreatitis occur ring in the setting of acute viral
hepatitis[10]. Most of the patients reported had presented
with symptomatic pancreatitis in the early phase of the
hepatitic illness [11-20] whereas Mishra et al [10] reported 6
patients at wk 2 or 3 after the onset of jaundice. Our series
had five patients presenting in the first week and two in the
fourth week after the onset of jaundice. One patient had
biliary sludge and presented in the first week of jaundice.
Ultrasound was done weekly in all the patients until clinical
and biochemical resolution. Gallbladder wall thickness
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Table 2 Clinical Profile of viral hepatitis patients with acute pancreatitis

Age (yr)
Gender
Pain interval after onset of jaundice (d)
Pain duration (h)
Hepatomegaly (cm; subcostal)
Etiology
Recovery from
pancreatitis (d)
Recovery from hepatitis (wk)

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

11
M
30
96
5
Hepatitis A
8

30
M
28
72
2
Hepatitis B
6

32
M
3
120
2
Hepatitis E
12

21
M
2
96
3
Hepatitis E
6

30
M
5
24
3
Hepatitis E
3

20
M
6
48
2
Hepatitis A
6

23
M
5
72
3
Hepatitis E
4
10

8

6

12

8

8

12

Table 3 Laboratory profile of viral hepatitis patients with acute pancreatitis
Parameter

Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Bilirubin (mg/dL)
AST (IU /L)
ALT (IU/L)
Alkaline phosphates (IU/L)
Albumin (mg/dL)
Prothrombin time prolongation (s)
Amylase (IU/L)
Lipase (IU/L)
Corrected Serum calcium (mg/dL)
Serum triglyceride (mg/dL)
Ultrasonography (Gallbladder)

32.4
682
895
560
3.8
14
475
7258
9.2
140
Normal

21.3
1210
702
300
4
11
460
520
9.1
168
Normal

14.6
1313
2238
607
3.5
12
275
3297
9
131
Normal

11.8
182
702
420
3.8
9
278
990
8.9
165
Normal

5.8
388
412
531
3.5
11
462
760
9.2
141
Normal

13.1
1223
2438
503
3.9
10
319
2926
9.3
160
Normal

15.8
765
814
231
3.5
18
596
2060
8.1
154
Biliary sludge

(more than 3 mm) was found in 96.8% of patients, which
is in agreement with a previous study by Sharma et al[22].
None of the two patients who presented later had any
evidence of biliary sludge on US.
The etiology of pancreatitis was considered to be due
to a hepatitis virus in all patients, as there was no evidence
of gallstones, sludge, alcohol, drugs, trauma or metabolic
causes. The remaining patient had biliary sludge on US.
The disappearance of biliary sludge at 2 wk occurred
a week later than previously reported [23]. None of the
7 patients with biliary sludge had an episode of acute
pancreatitis and gallbladder contraction was similar in the
hepatitis and control group in the Portincasa et al[23] group.
So, the patient might had HEV-associated pancreatitis
and had biliary sludge during the acute phase of the viral
illness which resolved on follow-up ultrasound abdomen.
Basaranoglu et al[24] reported a case of gallbladder sludge
and acute pancreatitis induced by acute hepatitis A.
Acute pancreatitis in nonfulminant acute viral hepatitis
covers the full range of clinical severity. Subclinical
pancreatic involvement in viral hepatitis may occur more
commonly than is appreciated [25]. The pancreatitis was
mild as reported previously[10,13-20]. One of our patients
had minimal ascites which resolved in 2 wk. There were
no local or systemic complications and all had uneventful
recovery from both pancreatitis and hepatitis. No relation
was found between the level of amylase and severity of
pancreatitis.
The frequency of acute pancreatitis in acute viral
hepatitis in the present series is 5.65%, which is 2% higher
than reported by Joshi et al[26] in their autopsy series of 108
cases. Joske et al[27] noted 8 cases of acute viral hepatitis out

of 90 patients of acute pancreatitis.
The mechanism of pancreatitis in patients with acute
viral hepatitis (nonfulminant) is unknown, and it may be
multifactorial. One proposed pathogenesis of pancreatitis
associated with hepatitis is the development of edema
of the ampulla of Vater with obstruction to the outflow
of pancreatic fluid [28]. There is no direct evidence for
the routes by which hepatitis viruses reach the pancreas;
however, the proposed routes are most likely blood or
bile[14].
A more plausible mechanism for viral associated
acute pancreatitis is direct inflammation and destruction
of pancreatic acinar cell by the virus. This latter theory
is supported by the autopsy finding of hepatitis B virus
antigens within the cytoplasm of pancreatic acinar cells
of patients with hepatitis B surface antigenemia[1,2]. It is
possible that the severity of pancreatitis is related to the
magnitude of exposure of pancreatic acinar cells to the
hepatitis virus[2].
The hepatitis viruses might injure the pancreatic acinar
cell membrane, resulting in the leakage of intracellular
enzymes, and/or precipitate a network of intracellular
events culminating in cell death by a mechanism analogous
to hepatocyte necrosis[29]. Another mechanism can be the
release and circulation of lysosomal enzymes from the
inflamed liver with the activation of trypsinogen to trypsin.
When acute pancreatitis is associated with fulminant
hepatitis, the virus may cause tissue damage directly, but
there are several other factors which can play an important
role in the development of pancreatitis (clinical or
silent) and these include acute liver failure, hypotension,
infections and drug induced damage[13]. Intrapancreatic
www.wjgnet.com
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hemorrhage due to hypoprothrombinemia or disseminated
intravascular coagulation may result in pancreatic damage
and subsequent pancreatitis[8].
In conclusion, acute pancreatitis is not uncommon.
In a patient with acute viral hepatitis and acute or
disproportionate abdominal pain, acute pancreatitis should
be kept as a possibility. Conservative treatment leads to
recovery in all the patients.
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Abstract
AIM: To evaluate the impact of a preoperative “triple
non-invasive diagnostic test” for diagnosis and/or
exclusion of common bile duct stones.
METHODS: All patients with symptomatic gallstone
disease, operated on by laparoscopic cholecystectomy
from March 2004 to March 2006 were studied
retrospectively. Two hundred patients were included
and reviewed by using a triple diagnostic test including:
patient’s medical history, routine liver function tests and
routine ultrasonography. All patients were followed up
2-24 mo after surgery to evaluate the impact of triple
diagnostic test.
RESULTS: Twenty-five patients were identified to have
common bile duct stones. Lack of history of stones,
negative laboratory tests and normal ultrasonography
alone was proven to exclude common bile duct stones
in some patients. However, a combination of these three
components (triple diagnostic), was proven to be the
most statistically significant test to exclude common bile
duct stones in patients with gallstone disease.
CONCLUSION: Using a combination of routinely used
diagnostic components as triple diagnostic modality
would increase the diagnostic accuracy of common bile
duct stones preoperatively. This triple non-invasive test
is recommended for excluding common bile duct stones
and to identify patients in need for other investigations.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Surgery is the treatment of choice in symptomatic
gallstone disease and is also recommended in
asymptomatic patients due to complications followed
by stone release in common bile duct [1-5]. Coexisting
common bile duct stones (CBDS) occur in 7%-20% of
all patients undergoing cholecystectomy[2,3,6]. Although
intraoperative cholangiography was routinely performed
to diagnose CBDS during pre-laparoscopic era, its use in
the laparoscopic era has been debated[7-10]. Consequently,
other techniques for diagnosing CBDS have been
introduced[6-8].
Preoperative liver function test (LFT) results might
be diagnostic for CBDS, if abnormal. However, some
patients might have normal LFT despite coexisting
CBDS [5,7] . Ultrasonography is the major diagnostic
modality to diagnose gallstones, but is less helpful for
diagnosing CBDS [1-7]. Computed tomography is rarely
useful for diagnosing gallstones[5,8]. Magnetic-resonancecholangio-pancreatography (MRCP) has high specificity
and sensitivity and accuracy similar to that of EndoscopicRetrograde-Cholangio-Pancreatography (ERCP), but its
accuracy decreases if gallstones are small (< 4 mm) or
if they are located near Vater’s papilla[2,5,8,11]. In addition,
MRCP is not widely available and unlike ERCP does not
allow endoscopic extraction of stones[5,8,12]. ERCP is the
most common technique used for both diagnostic and
treatment of CBDS. It is however, expensive, invasive,
technically demanding and associated with small but
significant morbidity[6,7,13].
Clinical history of jaundice, pancreatitis or cholangitis,
abnormal LFT results and or dilated common bile duct
have been traditionally used to select possible candidates
for ERCP preoperatively [5] , but to the best of our
knowledge, the accuracy of these parameters together
in diagnosing and/or excluding CBDS has never been
evaluated[5,6,8]. The aim of this retrospective study was
to assess the accuracy of these variables alone and
in combination for diagnosing/excluding CBDS in a
consecutive group of patients with symptomatic gallstones
disease operated on by laparoscopic cholecystectomy.
www.wjgnet.com
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MATERIALS AND METHODS
From March 2004 to March 2006, all consecutive
patients with ultrasound verified gallstones, in whom
laparoscopic cholecystectomy was indicated, were studied
retrospectively. The study was approved by the Afzali
Hospital’s ethical committee.
All information was collected based on a questionnaire
including three different components. Patient’s data and
medical history, age at operation, gender, history of
jaundice (obstructive vs non-obstructive), cholangitis or
pancreatitis (acute vs non-acute) were recorded. The results
of ultrasonography, preoperative liver functions tests
(LFT), serum-total bilirubin (S-Bil), alkaline phosphatase
(S-ALP) and white blood cells counts (WBC) were
obtained. The following cut-off values were considered
abnormal: S-Bil ≥ 1.5 dL/L, S-ALP ≥ 400 Ul/L and
WBC ≥ 10 000/mm3. CBDS diagnosis was established
by either demonstrating a stone in CBD or a wide
CBD (diameter ≥ 10 mm). All patients were operated
laparoscopically. No intraoperative cholangiography was
performed. All included patients (n = 200) were followed
up 2-24 mo postoperatively, by means of a questionnaire,
completed by telephone interviews or clinical visit if
needed.
Statistical analysis
The statistical analysis was performed using SPSS (version
11.0). The association between occurrence of CBDS and
different variables was analyzed using Chi-square test.
Sensitivity, specificity, positive and negative predictive
values were calculated for all variables individually and
in combination. Student t-test with separate variance
estimates was perfor med to test the demographic
differences. Fisher exact test and χ2-test were performed
to compare between patients with a different number of
suggested variables. P < 0.05 was considered statistically
significant. Any patient with incomplete medical file or test
results or any unclear information was excluded.

RESULTS
Two hundred patients, 43 men (21.5%) and 157 women
(78.5%) were consecutively included in this study. The
mean age of patients at the time of operation was 56.6
± 18.2 and 51.6 ± 16.5 years for men and women,
respectively. The average length of hospital stay was 30
(range 24-72) h for the whole group of patients, with no
statistically significant difference between men and women.
Eighteen patients (9%) were found to have CBDS
intraoperatively and additional 7 patients were found to
have CBDS during the follow-up. The total number of
patients with CBDS in this series was 25 patients (12.5%).
The review of patient’s clinical history did not reveal
any clinical evidence for CBDS (jaundice, cholangitis or
pancreatitis) in the majority of patients (89.5%). In the
remaining patients (10.5%), besides cholangitis, all other
clinical variables were more common in men. In 16 out of
25 patients with CBDS (8 women and 8 men), obstructive
jaundice was the most frequent variable in both genders
(Table 1). The association between clinical evidence for
www.wjgnet.com

   November 21, 2007

Volume 13 Number 43

Table 1 Frequency of clinical variables in 200 patients with
gallstones n (%)
Variables
Obstructive jaundice
Yes
No
Total
History of jaundice
Yes
No
Total
Cholangitis
Yes
No
Total
Acute Pancreatitis
Yes
No
Total
History of Pancreatitis
Yes
No
Total

Total

Women

Men

16 (8)
183 (92)
199 (100)

8 (5.1)
148 (94.9)
156 (100)

8 (18.6)
35 (81.4)
43 (100)

5 (2.5)
192 (97.5)
197 (100)

3 (1.9)
151 (98.1)
154 (100)

2 (4.7)
41 (95.3)
43 (100)

5 (2.5)
192 (97.5)
197 (100)

5 (3.2)
149 (96.8)
154 (100)

0
43 (100)
43 (100)

1 (0.5)
196 (99.5)
197 (100)

0
154 (100)
154 (100)

1 (2.3)
42 (97.7)
43 (100)

2(1)
195(99)
197(100)

1 (0.6)
153 (99.4)
154 (100)

1 (2.3)
42 (97.7)
43 (100)

Table 2 Association between the number of positive clinical
variables and CBDS n (%)
Patients
Men
Women
Total

Negative
history
34 (79.1)
145 (92.4)
179 (89.5)

1 positive
findings
6 (14)

2 positive
findings

7 (4.5)
13 (6.5)

5 (3.2)
8 (4)

3 (7)

Total
43 (100)
157 (100)
200 (100)

CBDS and occurrence of CBDS was calculated (Table 2).
Thirteen patients had one positive clinical variable and 8
patients had two positive clinical variables. Higher number
of positive clinical variables was not statistically significant
for diagnosing CBDS. CBDS was more common in men
with clinical evidence of the disease. The difference
between men and women in this aspect was statistically
significant (Chi-square: 6.56, df: 2, P < 0.05) (Table 2).
The majority of patients in this cohort had a normal
ultrasonography (n = 175, 87.3%). However, in 25
patients with CBDS (12 women and 13 men), 8 patients
had a stone in common bile duct, 12 had obstruction in
common bile duct, one had both a stone and obstruction
of common bile duct, 3 had a widened common bile duct
(> 10 mm), and finally one patient had widening of an
intrahepatic bile branch. Positive ultrasonographic findings
indicating CBDS were more common in men [13 out of
43 men (30%) and 12 out of 157 women (7%)] (Table 3).
The difference in ultrasonographic diagnosis between men
and women was statistically significant (Chi-square 20.23,
df: 5 and P < 0.05).
The abnormal S-Bil and S-ALP results in men and
women with CBDS are shown in Table 4. The majority of
patients had normal laboratory results (> 85%). In 13 men
(30.2%) serum bilirubin concentration was higher than
1.5 dL/L [compared to 11 women (7%)] and in 14 men
(32.6%) the concentration of alkaline phosphatase was
higher than 400 Ul/L [compared to 16 women (10%)]. All
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Table 3 The results of ultrasound investigations in 200 patients
with gallstones (per gender) n (%)

Table 5 Diagnostic value of each of the triple tests, alone and
in combination n (%)

Patients

Men

CBDS
CBD obstruction
CBDS and obstruction
CBD diameter > 10 mm
Dilated intrahepatic
bile duct branches
Normal
Total

5 (11.9)
6 (14.3)
1 (2.4)
1 (2.4)
0 (0)

Women

30 (69)
43 (100)

Total

Variables

Sensitivity

Specificity

NPV

PPV

3 (1.9)
6 (3.9)
0 (0)
2 (1.3)
1 (0.6)

8 (4.1)
12 (6.1)
1 (0.5)
3 (1.5)
1 (0.5)

145 (92.3)
157 (100)

175 (87.3)
200 (100)

1. Medical history
2. Ultrasound
3. Alkaline phosphatase ≥ 400 Ul/L
4. Serum bilirubin ≥ 1.5 dL/L
2+3+4
2 + 3 or 2 + 4
2 + 1+ 3 or 4

44
64
32
30.3
80
32
84

92.5
97.1
95
76.2
82.9
97.1
81.7

90.5
95
90
89.2
96.7
90.9
97.3

38.1
76.2
26.7
25
40
61.5
39.6

NPV: Negative predictive value; PPV: Positive predictive value.
CBD: Common bile duct; CBDS: Common bile duct stones.

Table 4 Results of liver tests in patients with gallstones (per
gender) n (%)
Gender

S-bilirubin ≥ 1.5 dL/L

Yes
No
Total
Men
13 (30.2) 30 (69.8) 43 (100)
Women 11 (7)
146 (93) 157 (100)
Total
24 (12) 176 (88) 200 (100)

Alkaline phosphatase ≥ 400 UL/L
Yes
14 (32.6)
16 (10.2)
30 (15)

No
Total
29 (67.4) 43 (100)
141 (89.8) 157 (100)
170 (85)
200 (100)

patients with S-Bil ≥ 1.5 dL/L had CBDS. These changes
were more common in men and the difference between
men and women was statistically significant (Chi-square
17.24, df: 1 and P < 0.05).
The sensitivity, specificity, negative predictive value
(NPV) and positive predictive value (PPV) of each variable
of medical history, LFT results and ultrasonography alone
or in different combination for diagnosis/exclusion of
CBDS was evaluated statistically (Table 5). As a single
diagnostic test, ultrasonography had higher sensitivity
(64%), specificity (97.1%), negative and positive predictive
values (95% and 76.2%, respectively) than medical
history, S-Bil and S-ALP. As a triple diagnostic modality, a
combination of medical history, ultrasonographic findings
and LFT results was proven to be the best diagnostic
modality to exclude CBDS. White blood cells count had
no impact in diagnosis of CBDS.

DISCUSSION
Although the majority of patients with gallstone disease
have an uncomplicated surgical course, a few may become
complicated due to occurrence of CBDS[1-3]. Due to fewer
intraoperative cholangiographies during laparoscopic
cholecystectomies[6,7], ERCP has been recommended for
pre- or postoperative extraction of CBDS. It is however,
an invasive investigation with high risk for complications
and should be reserved for selected cases[12,14,15]. MRCP is
not available in all institutions and its accuracy depends
on the size and position of CBDS [4,11,12]. There is thus
a need for easy-performing, non-invasive, and reliable
test modalities to diagnose or exclude CBDS, by which
selected patients can benefit from ERCP, MRCP or other
expensive investigations [13-15]. Earlier studies on some
clinical, laboratory or radiological variables have been
performed [16,17]. There is however, as far as we know,

no study performed evaluating a combination of these
investigating modalities. The majority of patients with
gallstones are routinely evaluated by their clinical history,
ultrasonography and LFT (S-Bil and S-ALP)[3,5]. The main
object of this study was to evaluate the efficacy of these
non-invasive investigation methods for exclusion of CBDS
diagnosis.
The importance of careful review of patient’s history
has been reported in many earlier studies. A focused
positive patient’s history may be an early indication of
CBDS [3,6,16-18]. Hyperbilirubinemia preoperatively, had
a high diagnostic significant in our study and is also
reported by others [7,19]. Ultrasonographic investigation
is a reliable diagnostic modality with high availability
and lower cost. However, the result of the investigation
depends highly on investigators experience[3,14,20]. In our
study, ultrasonography was performed by one radiologist
and our results are comparable with earlier reports[3,6].
As also earlier reported by others, our study indicates
that in patients who lacked clinical, radiological and
laboratory signs of CBDS, there is no need for performing
ERCP [6,14,21-25]. It also indicates that by using patient’s
complete medical history (with special focus on the most
common clinical complication of gallstone diseases such
as pancreatitis), customary laboratory tests such as S-Bil
and S-ALP and ultrasonography one may exclude CBDS
diagnosis with high accuracy[26-29].
We used different variables as predictors i.e., these
variables were used to predict or explain the value(s) of
one or more dependent variables (also referred to as
dependent or outcome variables statistically). The positive
predictive value (PPV), or precision rate, is defined as the
proportion of patients with positive test results who are
correctly diagnosed. Hence the PPV is used to indicate
the probability that, in case of a positive test, the patient
really has the specified disease. However there may be
more than one cause for a disease and any single potential
cause may not always result in the overt disease seen in a
patient. In our study only ultrasonographic investigation
has highest PPV followed by a combination of ultrasound
investigation and LFT results. Since we were interested
in evaluating the impact and usefulness of the negative
ultrasonography or LFT results and the lack of clinical
evidence (negative history of pancreatitis, cholecystitis
and cholangitis) of CBDS, in our study, we used the
negative predictive value (NPV), which is the proportion
of patients with negative test results who are correctly
www.wjgnet.com
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diagnosed. Higher NPV means then higher sensitivity
for excluding CBDS as shown in our study; combining
several tests in our study increased the negative predictive
value and sensitivity of CBDS exclusion with almost equal
specificity[16-18,30].
We concluded that patients with normal ultrasonography, LFT results and no clinical evidence of CBDS
“negative triple test” (NPV of 97.3%) may undergo
laparoscopic surgery without any need for preoperative
MRCP or ERCP. The availability and non-invasiveness
of this triple diagnostic test are additional benefits, which
makes it more interesting.

1

2
3
4

COMMENTS
Coexisting common bile duct stones (CBDS) may complicate the course
of gallstone disease. During open surgical removal of gallstones (open
cholecystectomy), cholangiography is performed to exclude, or if needed, to
remove CBDS. With laparoscopic cholecystectomy becoming the first surgical
choice for treatment of gallstones, preoperative cholangiography has not been
performed routinely and the procedure itself has been debated. Consequently,
other techniques have been used to exclude CBDS. These techniques, however,
are either invasive, with consequent risk for complications, or only diagnostic;
some of them not available at all hospitals. There is thus a need to establish a
simple, non-invasive and cheap diagnostic method, available at all units, to identify
patients with CBDS for further evaluation with invasive and more expensive
techniques.

6

7
8
9

Research frontiers

The research front in this area is focused on developing different imaging
techniques. The most promising technique is Magnetic-Resonance-CholangioPancreatography (MRCP). It has high specificity and sensitivity and accuracy
similar to that of ERCP (Endoscopic-Retrograde-Cholangio-Pancreatography),
but its accuracy decreases if gallstones are small (< 4 mm) or if they are located
near Vater’s papilla. In addition MRCP is not widely available and unlike ERCP
does not allow endoscopic extraction of stones. ERCP is the most common
technique used for both diagnostic and treatment of CBDS. It is however,
expensive, invasive, technically demanding and associated with small but
significant morbidity.

10

11
12

Innovations and breakthroughs

By using already existed parameters; liver functions test, ultrasonography together
with complete review of patient’s medical history (triple diagnostic), we offer a
simple, cheap and, for all clinicians, available triple technique, to diagnose or
exclude CBDS without any extra cost or diagnostic delay.

Applications

The majority of patients without CBDS will be identified by this triple diagnostic
technique, leaving the remaining few, to be investigated by MRCP or ERCP. The
availability and non-invasiveness of this test are additional benefits, which makes
it more interesting.

13

14

15

Terminology

Cholangiography: X-ray examination of the bile ducts following administration of a
radiopaque contrast medium. Magnetic-Resonance-Cholangio-Pancreatography: is
a medical imaging technique which uses magnetic resonance imaging to visualise
the biliary and pancreatic ducts in a non-invasive manner. Endoscopic-RetrogradeCholangio-Pancreatography: refers to the use of an endoscope; a thin, flexible tube
with a tiny video camera and light on the end to diagnose and treat various problems
of the GI tract (stomach, intestine, liver, pancreas, and gallbladder).

Peer review

Through retrospective study, the authors concluded that using a combination of
routinely used diagnostic components as triple diagnostic modality would increase
the diagnostic accuracy of common bile duct stones. The result is reasonable and
persuasive.
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Abstract
AIM: To analyze the relationship between plasma
and platelet serotonin levels and the degree of liver
insufficiency.
METHODS: The prospective study included 30 patients
with liver cirrhosis and 30 healthy controls. The degree
of liver failure was assessed according to the Child-Pugh
classification. Platelet and platelet poor plasma serotonin
levels were determined.
RESULTS: The mean plasma serotonin level was higher
in liver cirrhosis patients than in healthy subjects (215.0
± 26.1 vs 63.1 ± 18.1 nmol/L; P < 0.0001). The mean
platelet serotonin content was not significantly different
in patients with liver cirrhosis compared with healthy
individuals (4.8 ± 0.6; 4.2 ± 0.3 nmol/platelet; P > 0.05).
Plasma serotonin levels were significantly higher in ChildPugh grade A/B than in grade C patients (246.8 ± 35.0
vs 132.3 ± 30.7 nmol/L; P < 0.05). However, platelet
serotonin content was not significantly different between
Child-Pugh grade C and grade A/B (4.6 ± 0.7 vs 5.2 ± 0.8
nmol/platelet; P > 0.05).
CONCLUSION: Plasma serotonin levels are significantly
higher in patients with cirrhosis than in the controls and
represent the degree of liver insufficiency. In addition,
platelet poor plasma serotonin estimation is a better
marker for liver insufficiency than platelet serotonin
content.

http://www.wjgnet.com/1007-9327/13/5750.asp

INTRODUCTION
The serotonergic system plays a critical role in a wide
variety of physiological and behavioral processes. In the
circulation, serotonin synthesized by the intestinal enterochromaffin cells, is actively incorporated into platelets and
stored in platelet dense-storage granules. Nearly all of the
serotonin in circulating blood is concentrated in the platelets and minimally in plasma (which is the interactive pool).
The integral membrane protein of mucosal epithelial cells
is the major protagonist in regulating the extracellular serotonin concentration[1]. Serotonin is mostly metabolized
into 5-hydroxyindoleacetic acid by monoamine oxidase
in hepatic and lung endothelial cells[2]. The effects of serotonin are most prominent in the cardiovascular system,
with additional effects in the respiratory system and the
intestines. Vasoconstriction is a classic response to administration of serotonin. However, serotonin induces smooth
muscle cell contraction and proliferation and stimulates
endothelial cells to release vasodilating substances and acts
as “helper agonist” of platelet aggregation in humans[3,4].
Altered concentrations of circulating serotonin have been
implicated in several pathologic conditions including hypertension, primary pulmonary hypertension, liver cirrhosis, and psychiatric disorders[5-8].
The acute and chronic hepatic insufficiency gives rise to
serotonin system changes, contributing to the development
of hepatic encephalopathy, portal hypertension, and
hyperdynamic circulation [9]. Hepatic encephalopathy is
followed by changes of serotonin neurotransmission,
including the catabolic enzymes, rece ptors, and
metabolites[10]. After application of serotonin inhibitors
(ketanserin and ritanserin), portal pressure is decreased in
patients with liver cirrhosis, confirming the importance of
serotonin in the pathogenesis of portal hypertension[11].
The aim of this study was to characterize the relationship
between plasma and platelet serotonin levels and the degree
of liver insufficiency.

© 2007 WJG . All rights reserved.
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MATERIALS AND METHODS
Subjects
In the period January-April, 2007, the prospective
study included 30 patients with liver cirrhosis and 30
healthy controls, examined at the Institute of Digestive
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Diseases, Clinical Center of Serbia, Belgrade. Hepatologic
examinations were based on medical history, physical
examination, laboratory tests, and liver biopsy. Laboratory
tests included hepatocyte integrity, cholestasis, synthetic
liver function, and specific (etiological) tests. Puncture
liver biopsy was performed in 16 (53.3%) patients, using
Menghini needle of 1.4 mm. The degree of liver failure
was assessed according to the Child-Pugh classification.
Biochemistry
Platelet and platelet poor plasma (PPP) venous blood was
collected in 3 mL original Vacutainer “BD” tubes with
75 g/L K3EDTA 0.072 mL. Blood samples were taken
between 8 and 9 am. Platelet number was immediately
determined on “Coulter Ac T Diff ” analyser. Platelet rich
plasma (PRP) was obtained by low speed centrifugation
(200 g, 10 min) on “Heraeus Digifuga GL”. Platelet count
was determined again and taken into consideration in final
determination of serotonin concentration in platelets.
Exactly 1 mL of PRP was centrifuged on 1000 × g for 10
min. The obtained PPP was separated, and together with
platelet pellets, stored at -20℃, not longer then 20 d[12].
The whole number of platelet pellets and PPP serotonin
samples were estimated in one series.
Platelet pellets were spiked with 10 μL N-methyl serotonin solution (Recipe, Munchen) as an internal standard.
All pellets were diluted with 100 μL high performance
liquid chromatography (HPLC) ultra pure water (Recipe,
Munchen). Platelets were destroyed with 100 μL of 700
g/L perchloric acid (Merck Darmstad) and centrifuged
at 10 000 × g for 5 min. 100 μL of PPP samples was deproteinized with 100 μL deproteinating reagent (Recipe,
Munchen) and centrifuged in same way, as for platelets[13].
Twenty μ L of the supernatants were analyzed by
reverse phase HPLC (Recipe, Munchen) with original
mobile phase for serotonin (Recipe, Munchen). Original,
“Recipe” external standard solution has been used for
calibration. The HPLC system consisted of “Bio-Rad AS
100” HRLC automatic sampling system with “ Rheodine
7125 valve”, “Bio-Rad 1350” HPLC pump, and “Bio-Rad
1640” electrochemical detection. Chromatographic data
were calculated using the “Chrome Line V 4.20” HPLC
software. Amperometric detection has been done on 0.6 V.
Duration of chromatographic separation was 10 min.
Statistical analysis
Statistical analyses were performed using SPSS statistical
software (SPSS for windows, release 10.0, SPSS, Chicago,
Il). Descriptive statistics are presented as mean ± SE.
Differences between g roups were compared with
parametric t-test because data had a Gaussian distribution.
Because we performed 6 consecutive statistical analyses, we
chose a level of significance 0.05/6 = 0.008 (α-adjustment
according to the modified Bonferroni procedure).

RESULTS
The most common cause of liver cirrhosis was alcohol in
12 individuals (40.0%). The incidence of cirrhosis due to
viral infection was lower with HCV in 6 (20.0%) and HBV
in 5 subjects (16.6%); autoimmune diseases were quite
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rare with 3 cases (10.0%), while etiology was unknown in
4 (13.3%) cases. The patients were classified according to
the Child-Pugh system. Child-Pugh class A included 12
(40%) patients, Child-Pugh class B 8 (26.6%), and ChildPugh class C 10 (33.3%) patients. All patients had clinically
evident portal hypertension, none of them had episodes
of bacterial peritonitis, and none of them had a beta
blocker medication.
The mean plasma free serotonin levels were much
higher in liver cirrhosis patients than in healthy individuals. A statistical significant difference was found between
serotonin plasma values in patients with liver cirrhosis and
healthy subjects (215.0 ± 26.1 vs 63.1 ± 18.1 nmol/L; t =
3.868, P < 0.0001).
The mean platelet serotonin content was not significantly different in patients with liver cirrhosis compared
to healthy individuals. There was no statistically significant
difference between platelet serotonin content in patients
with liver cirrhosis and healthy subjects (4.8 ± 0.6 vs 4.2 ±
0.3 nmol/platelets; t = 0.881, P > 0.05).
Plasma free serotonin levels were significantly higher in
Child-Pugh grade A/B than in grade C patients (246.8 ±
35.0 vs 132.3 ± 30.7 nmol/L; t = 1.938, P < 0.05). However, platelet serotonin content was not significantly different
between Child-Pugh grade C and grade A/B (4.6 ± 0.7 vs
5.2 ± 0.8 nmol/platelets; t = 0.48, P > 0.05).
In addition, plasma free serotonin levels were not
significantly different between alcohol liver cirrhosis and
cirrhosis of other etiology (143.9 ± 29.3 vs 224.84 ± 34.8
nmol/L; t = 1.6, P > 0.05). Also, platelet serotonin content was not significantly different between alcohol liver
cirrhosis and cirrhosis of other etiology (4.2 ± 0.7 vs 5.3 ±
0.9 nmol/109 platelets; t = 0.91; P > 0.05).

DISCUSSION
Marasini et al [7] described a significant reduction of
serotonin, deter mined by high-perfor mance liquid
chromatography, in platelets of 14 patients with liver
cirrhosis, although levels of free circulating plasma
serotonin were within the normal range.. In the study of
Beaudry et al[14], the whole-blood serotonin levels were
significantly lower in 30 patients with cirrhosis than in agematched controls, and no correlation was found between
these levels and the severity of cirrhosis. This difference
might be the result of low platelet count observed in
patients with cirrhosis; however, in this series of patients,
the significant difference persisted when the whole-blood
serotonin levels were expressed by platelet count, but it was
less expressed. Thus, in patients with cirrhosis, low wholeblood serotonin levels probably depend on reduction of
both uptake, retention of serotonin by platelets, and low
platelet number.
However, in the same study of Beaudry et al [14] ,
unconjugated plasma serotonin levels, an indication of
the active form of serotonin, were significantly higher in
patients with cirrhosis than in the controls, and in patients
with cirrhosis these levels were higher in Child-Pugh grade
A than in grade C patients. In our study, we investigated
levels of free or unconjugated serotonin. However, the
levels of free serotonin in patients with liver cirrhosis were
www.wjgnet.com
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also higher than in healthy subjects. Also, the levels of
free serotonin in patients with Child-Pugh grade C is less
than in grade A/B patients. In addition, platelet serotonin
content was not significantly different when patients with
liver cirrhosis were compared to healthy subjects.
The discrepancy of our and Beadry’s study may be
explained by the fact that whole blood is a similar, but not
the same kind of biological material, as the platelet pellet
is. In addition, we used HPLC as basic technique in our
work, which significantly differs from Beadry’s study, who
also emphasized this difference in his study. The reasons
for high levels of plasma serotonin in the liver cirrhosis
could be slow uptake and storage of serotonin by the
platelets (as could be the sequelae of the kinetic change of
serotonin transport mechanisms) or abnormal serotonin
release from dense granules of activated platelets.
Laffi et al[15] gave the evidence for significant reduction
of substances that are deposited in thick (adenosine
triphosphate and serotonin) and in alpha granules
(B-thromboglobulin and platelet factor 4) in patients with
liver cirrhosis in comparison to controls. It is supposed
that platelet disorder in deposition of substances
mentioned above, in patients with liver cirrhosis, is in
relation to platelet activation, a condition defined as
“platelet exhaustion”.
The causes of platelet activation in liver cirrhosis are
complex and not yet fully understood. Hyperdynamic
portal circulation and retention in the spleen
microcirculation in liver cirrhosis might stimulate platelets.
Immunological and inflammatory phenomena in the
liver tissue and its influence are other possible reasons
for platelet activation. In addition, endotoxemia is often
associated with severe liver cirrhosis and it causes platelet
activation [16]. In liver cirrhosis, thrombocytopenia is
associated with a shorter life span of platelets and is
the result of constant platelet activation by cytokines
(IL2, IL6, TNFα), it is mediated by subclinical DIC, and
intensified elimination by reticuloendothelial system of the
spleen and liver[17]. Platelet activation with the increase of
both βTG serum concentration and elevation of platelet
population (CD62P and CD63 as well as medial intensity
of fluorescence CD62P and CD63) becomes higher
as liver cirrhosis develops and thrombocytopenia rises.
Concurrently with thrombocytopenia in liver cirrhosis,
platelet CD63+ population increases, clearly indicating
the platelet activation with elevated medial intensity of
fluorescence CD62P and CD63[18].
Concentration of circulating serotonin in liver
cirrhosis can be influenced by other factors, such as
altered serotonin catabolism due to an elevated activity
of monoamino oxidase and impaired metabolism of
tryptophan, as serotonin precursor[19]. Impaired metabolic
function in liver cirrhosis contributes to elevated plasma
serotonin. Moreover, vasoactive substances, produced in
the splanchnic circulation, bypass the liver in the presence
of porto-systemic collaterals and directly enter the
systemic circulation. In conclusion, plasma serotonin levels
are significantly higher in patients with cirrhosis than in the
controls, and represent the degree of liver insufficiency. In
addition, PPP serotonin estimation is a better marker of
liver insufficiency than platelet serotonin content.
www.wjgnet.com
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COMMENTS
Background

The acute and chronic hepatic insufficiency gives rise to serotonin system
changes, contributing to the development of hepatic encephalopathy, portal
hypertension, and hyperdynamic circulation. In patients with liver cirrhosis, low
whole-blood serotonin levels depend probably on reduced uptake, retention
of serotonin by platelets, and low platelet number. It is supposed that reduced
platelet deposition of substances in thick and alfa granules, is in relation to
platelet activation, caused by hyperdynamic circulation and endotoxemia. Also,
concentration of circulating serotonin in liver cirrhosis can be influenced by
other factors, such as altered serotonin catabolism due to elevated activity of
monoamino oxidase and impaired metabolism of tryptophan, as a precursor of
serotonin.

Research frontiers

The serotonergic system plays a critical role in a wide variety of physiological
and behavioral processes. Altered concentrations of circulating serotonin are
implicated in several pathologic conditions including hypertension, primary
pulmonary hypertension, liver cirrhosis, and psychiatric disorders. The highlight
of our research was to characterize the relationship between plasma and platelet
serotonin levels and the degree of liver insufficiency.

Innovations and breakthroughs

In Beadry’s study, unconjugated plasma serotonin level, an active form of
serotonin, was significantly higher in patients with cirrhosis than in the controls,
and in cirrhotics this level was higher in Child A than in Child C patients. In our
study, the levels of free serotonin in patients with liver cirrhosis were also higher
than in healthy subjects. However, the levels of free serotonin in patients with
Child C cirrhosis were less compared to Child A/B patients. Furthermore, platelet
serotonin content was not significantly different in cirrhotics compared to healthy
controls. The discrepancy of our and previous study could be explained by the fact
that we used high performance liquid chromatography as basic technique in our
work, which significantly differs from the technique used in the previous study.

Applications

The results in the study suggest that plasma serotonin levels may represent the
degree of liver insufficiency. Also, platelet poor plasma serotonin estimation is a
better marker for liver insufficiency than platelet serotonin content.

Terminology

Serotonin: Serotonin is a vasoactive substance, synthesized by the intestinal
enterochromaffin cells, which is actively incorporated into platelets and stored in
platelet dense-storage granules. Integral membrane protein of mucosal epithelial
cells is the major protagonist in regulating the extracellular serotonin concentration.
Serotonin is mostly metabolized into 5-hydroxyindoleacetic acid by monoamine
oxidase in hepatic and lung endothelial cells.

Peer review

This is a case controlled study demonstrating that plasma but not platelet
serotonin levels are increased in patients with liver cirrhosis and correlate with liver
insufficiency. The subject is novel and interesting.
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CONCLUSION: The proposed staging system for hilar
cholangiocarcinoma can accurately predict resectability,
the likelihood of metastatic disease, and survival.
A concomitant partial hepatectomy would help to
attain curative resection and the possibility of longterm survival. MRCP/MRA coupled with color Doppler
Ultrasonagraphy was necessary for preoperative
evaluation of hilar cholangiocarcinoma.
© 2007 WJG . All rights reserved.
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Abstract
AIM: To investigate the clinical value of T-staging
s y s t e m i n t h e p re o p e ra t i ve a s s e s s m e n t o f h i l a r
cholangiocarcinoma.
METHODS: From March 1993 to January 2006, 85
patients who had cholangiocarcinoma diagnosed by
operative tissue-biopsy were placed into one of three
stages based on the new T-staging system, and it was
evaluated the resectability and survival correlated with
T-staging.
RESULTS: The likelihood of resection and achieving
tumor-free margin decreased progressively with
increasing T stage (P < 0.05). The cumulative 1-year
survival rates of T1, T2 and T3 patients were 71.8%,
50.8% and 12.9% respectively, and the cumulative
3-year survival rate was 34.4%, 18.2% and 0%
respectively; the survival of different stage patients
differed markedly (P < 0.001). Median survival in the
hepatic resection group was greater than in the group
that did not undergo hepatic resection (28 mo vs 18 mo;
P < 0.05). The overall accuracy for combined MRCP and
color Doppler Ultrasonagraphy detecting disease was
higher than that of combined using CT and color Doppler
Ultrasonagraphy (91.4% vs 68%; P < 0.05 ). And it was
also higher in detecting port vein involvement (90% vs
54.5%; P < 0.05).
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INTRODUCTION
Cholangiocarcinoma is an adenocarcinoma that arises from
the bile duct epithelium and is the second most common
primary hepatobiliary cancer, however, cholangiocarcinoma
remains a relatively rare disease, accounting for < 2% of
all human malignancies [1-3]. Although the entire biliary
tree is potentially at risk, hilar cholangiocarcinoma which
involved the biliary confluence or the right or left hepatic
ducts are most common and account for 40%-60%
of all cases[4]. In most instances, the prognosis of hilar
cholangiocarcinoma is very poor, with an overall 5-years
survival rate of only 1%[5]. At present, surgical resection
of early detected tumors is still the optimal treatment
method for hilar cholangiocarcinoma[6,7]. Therefore, precise
preoperative imaging evaluation including classification
and staging of tumor is crucial for planning treatment and
assessing prognosis.
Currently, the modified Bismuth-Corlette system
and American Joint Committee on Cancer (AJCC)
systems are still commonly used in evaluation of hilar
cholangiocarcinoma in China, but both of them are failure
to identify patients who are operative candidates or to
provide prognostic information[5,8,9]. It is possible that the
AJCC or Bismuth-Corlette systems has been misused by a
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generation of medical oncologists and surgeons who have
used staging systems based on postoperative evaluation of
the tumor to guide the preoperative, intraoperative, and
even postoperative management[9,10].
In an attempt to improve the preoperative clinical and
prognostic usefulness of stag system, the organizational
structure of the hepatobiliary program at Memorial SloanKettering Cancer Center (MSKCC) have proposed a
new T staging that takes into consideration both vascular
involvement by local tumor extension and the presence
or absence of liver atrophy (Table 1)[11]. This proposed
T staging system is predictive of resectability, of the
likelihood of nodal or distant metastases, and of overall
survival[11]. In this study, we used the proposed T staging
system, based on imaging data, to stratifies 85 patients hilar
cholangiocarcinoma into one of three stages and evaluate
the resectability or survival correlated with T-staging. We
also want to find the correlation between the T staging
and nodal or distant metastases. In addition, in our study,
biliary resections coupled with in-continuity hepatic
resection has been proposed, to attain radical resection.

MATERIALS AND METHODS
Data selection
Data was collected from a database of Hepatobiliary
Surgery of the Second Affiliated Hospital of SUN Yatsen University From March 1993 through January 2006, 85
patients of hilar cholangiocarcinoma underwent laparotomy
and diagnosed by tissue-biopsy were retrospectively
analyzed in this study. There were 45 men and 40 women
and their mean age was 63.5 (median, 65; range, 42-81)
years. Follow-up was defined as the number of months
between the operation date and the date of death or, if
the patient was alive, the end dates of the study period
(December 31, 2006). Preoperative baseline examinations
were electrocardiogram (ECG), sternite, prothrombin time
(PT), hepatic and renal function test. All of 85 patients
presented with hilar cholangiocarcinoma had more than
one kind of image examinations. Ultrasound (US) or
duplex ultrasonography (DUS) coupled with tomographic
(CT) scanning were performed on 25 patients; duplex
ultrasonography coupled with magnetic resonance
cholangiopancreatography (MRCP) was performed on
35 patients; ultrasound, CT coupled with ERCP was
performed on 11 patients; ultrasound, CT coupled with
MRCP was performed on 14 patients.
T-staging
Tumors were restaged retrospectively using revised
preoperative T staging system based on preoperative
imaging examinations (Table 1). This staging system, a
modification of a previously reported scheme[12], classifies
tumors according to three factors related to local tumor
extent: the location and extent of bile duct involvement
(according to the Bismuth-Corlette system) [13,14] , the
presence or absence of portal venous invasion, and the
presence or absence of hepatic lobar atrophy. The survival
data was then compared among the stages. T staging
correlated with respectability, Ro resection (margins
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Table 1 Revised preoperative T staging system for patients with
hilar cholangiocarcinoma
T Stage
Description
T1
Tumor involving biliary confluence ± unilateral extension to 2°
biliary radicles
No liver atrophy or portal vein involvement
T2
Tumor involving biliary confluence ± unilateral extension to
2° biliary radicles with ipsilateral portal vein involvement ±
ipsilateral hepatic lobar atrophy
No main portal vein involvement
T3
Tumor involving biliary confluence + bilateral extension to 2°
biliary radicles; OR unilateral extension to 2° biliary radicles with
controlateral portal vein involvement; OR unilateral extension
to 2° biliary radicles with controlateral hepatic lobar atrophy;
ralateral hepatic lobar atrophy; phy; OR main or bilateral portal
venous involvement

negative), and the incidence of metastatic disease were
reviewed.
Surgical strategies
All 85 patients in this study were treated with laparotomy,
the type of therapeutic procedures depended on tumor
expansion and clinical conditions of patients. If the tumor
was resectable, surgery was the first choice of treatment
for patients in good clinical conditions. The two types of
operations were: (1) local resection of the bile duct alone;
(2) extrahepatic biliary resection with in-continuity hepatic
resection. In patients with non‑resectable tumors or bad
clinical conditions, palliative procedure using endoscopic
transpapillary and/or percutaneous transhepatic biliary
drainage was performed. In this study the survival of all
patients undergoing resection of hilar cholangiocarcinomas
by either extrahepatic biliary resection alone or by
extrahepatic biliary resection with in-continuity hepatic
resection were reviewed.
Statistical analysis
All data were analyzed with SPSS 11.5 statistical package.
Cumulative overall survival was calculated by the KaplanMeier method using the log rank test with T staging. The
correlation between T staging and respectability, Ro resection
or the incidence of metastatic disease were analyzed using the
2
χ test. Significance was accepted with 95% confidence.

RESULTS
Proposed T-staging system
The follow-up time of all patients was more than 3 mo.
Eighty five patients were staged according to the proposed
preoperative clinical system, as described above Table 1.
Thirty nine patients had tumor involvement of the biliary
confluence (with or without unilateral extension to secondorder biliary radicles), no portal vein involvement, and
no lobar atrophy and were therefore classified as having
T1 tumors. Fifteen patients had T2 lesions because of
ipsilateral portal vein involvement or ipsilateral lobar
atrophy; or both findings. Thirty one patients had T3
tumors because of biliary extent alone, or main portal vein
involvement, or metastatic disease.
www.wjgnet.com
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Table 2 Resectability, incidence of margins negative and metastatic disease after staging by T stage
Operative modus

T Stage
T1 (n = 39)
T2 (n = 15)
T3 (n = 31)
2
χ value
P value

Margins

Metastatic disease

Resected

Drainage

Biopsy

Negative

Positive

Negative

Positive

29 (74.4)
9 (60.0)
2 (6.5)

8 (20.5)
4 (26.7)
15 (48.4)
35.5
0.000

2 (5.1)
2 (13.3)
14 (45.1)

22 (75.9)
3 (33.3)
0 (0)
8.8

7 (24.1)
6 (66.7)
2 (100)

24 (61.5)
7 (46.7)
9 (30.0)
7.3

15 (38.5)
8 (53.3)
22 (70.0)

0.012

0.026

The percentages indicate the proportion of patients within each stage grouping or of the total number of patients. Metastatic disease refers to metastases to N2level lymph nodes or to distant sites. Median survival was calculated for all patients, including those who died perioperatively.

1.0

T1 (n = 39)
T2 (n = 15)
T3 (n = 31)

Survival (%)

0.8

Table 3 Margins negative, complication, operative mortality
and survival based on in-continuity hepatic resection
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Hepatic resection
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Operative Median
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28
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1 (8)

18

60

Figure 1 Kaplan-Meier survival analysis stratified by T stage. T stages seemed to
be correlated with the survival time (χ2 = 37.65, P < 0.001), and the survival time
decreased progressively with increasing T staging. The cumulative 1-year survival
rates of T1, T2 and T3 patients were 71.8%, 50.8% and 12.9%, respectively, and
the cumulative 3-year survival rate was 34.4%,18.2% and 0%, respectively, the
survival of different stage patients differed markedly (P < 0.001).

The clinical and survival-related factors associated
with T stage are detailed in Table 2. Resectability and the
likelihood of achieving an R0 resection both decreased
progressively with increasing T stage (P < 0.05). A similar
proportion of patients with T1 (74.4%) and T2 (60.0%)
tumors underwent resection with curative intent. Two
patients with T3 tumors (6.5%) were also underwent
resection ,but both couldn’t achieved R0 resection. In
addition, metastatic disease to N2-level lymph nodes or
to distant sites (i.e., metastatic disease that contraindicated
resection) correlated with increasing T stage (P < 0.05).
Survival analysis
Kaplan-Meier estimate for survival depending on T stages
was shown in Figure 1, it showed that T stages seemed to
be correlated with the survival time (χ2 = 37.65, P < 0.001),
and the sur vival time decreased progressively with
increasing T staging. The cumulative 1-year survival rates
of T1, T2 and T3 patients were 71.8%, 50.8% and 12.9%
respectively, and the cumulative 3-years survival rate
was 34.4%, 18.2% and 0% respectively; the survival of
different stage patients differed markedly (P < 0.001).
In patients with T1 lesions, 12 patients undergoing
extrahepatic biliary resections alone and 17 patients
underwent in-continuity hepatic resection (Table 3). This
is in contrast to patients with T2 lesions, all of patient
required a concomitant partial hepatectomy and 3 (33%) of
whom required a portal vein resection and reconstruction.
www.wjgnet.com
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Forty of 85 patients underwent resection, 28 (70%) had a
concomitant partial hepatectomy, and negative histological
margins were attained 75% of the time. The performance
of a partial hepatectomy was predictive of a negative
histological margin in this series. Median survival in the
hepatic resection group was greater than in the group that
did not undergo hepatic resection (28 vs 18 mo; P < 0.05).
And the incident rate of complication and operative
mortality in two groups were not different (P > 0.05).
Preoperative imaging evaluation
Most patients were diagnosed after at least a partial
radiographic evaluation had been completed, usually
consisting in ultrasonography, in a computed tomographic
(CT) scan and in some form of direct cholangiography
such as ERCP. After referral, further evaluation of
tumor extent within the biliary tree and assessment
of possible vascular involvement or metastatic disease
were performed with MRCP or duplex ultrasonography,
which are cur rently the prefer red studies. Some
patients who could not be diagnosed preoperatively
were considered to have laparotomy for exploration.
Altogether, 85 patients had the final diagnosis of hilar
cholangiocarcinoma via pathologic diagnosis. The
consistent rate with pathological findings of US or duplex
ultrasonography coupled with CT, or with MRCP, or
with CT and ERCP, or with CT and MRCP was 68%
(17/25), 91.4% (32/35), 90.9% (10/11) and 100% (14/14)
respectively. And the consistent rate of US combined
with CT was significant lower than other combined
examinations (P < 0.05). The final diagnosis rate of
tumor infiltrated portal vein for duplex ultrasonography
combined with MRCP/MRA, duplex ultrasonography
combined with CT were 90% (19/21), 54.5% (6/11)
respectively. The overall accuracy for combined MRCP
and color Doppler Ultrasonagraphy detecting disease and

Chen RF et al . T-staging system and hilar cholangiocarcinoma

port vein involvement was higher than that of combined
using CT and color Doppler Ultrasonagraphy (P < 0.05).

DISCUSSION
Currently, the only curative option for patients with
cholangiocarcinoma is aggressive surgical resection.
Many authors advocate that patients with suspected
cholangiocarcinoma should be considered for operative
resection and postoperative adjuvant therapy even if
microscopically clear resection margins can not be
achieved [15-17]. Therefore, precise preoperative imaging
evaluation and staging of tumor are crucial for planning
treatment and assessing prognosis.
Great effort has been expended to develop staging
systems that are of greater prognostic utility to the
surgeon and can be used to guide not only preoperative
treatment, but also intra- and postoperative management
of patients with cholangiocarcinoma [8,18-20]. There are
currently 3 main staging systems utilized for patients
with hilar cholangiocarcinomas: AJCC, BismuthCorlette, and Blumg ar t [9] . The AJCC tumor-nodemetastasis (TNM) staging system is only applicable to
patients who have undergone resection[4]. The BismuthCorlette system describes the tumors in terms of their
anatomic location. Typically, it has been used to guide
treatment (particularly resection), yet it does little to
identify patients who are operative candidates or to
impart prognostic information [11,12]. The modifications
proposed, by Blumgart (Table 1) not only provide
anatomic information about the local extent of the tumor
but also better stratify patients who are candidates for
surgical exploration by taking into account parenchymal
characteristics of the liver.
In this study, we retrospectively reviewed 85 patients
with cholangiocarcinoma who underwent resection
and restaged them into the T-staging system. We have
demonstrated the correlation between resectability or
R0 resection or survival time and T stage, in 85 patients
with hilar cholangiocarcinoma. Resectability and the
likelihood of achieving an R0 resection both decreased
progressively with increasing T stage. Patients with T1
and T2 have a chance of R0 resection; T3 stage tumors
usually have no chance for resection. In our data, a similar
proportion of patients with T1 (74.4%) and T2 (60.0%)
tumors underwent resection with curative intent. Two
patients with T3 tumors (6.5%) also underwent resection,
but both couldn’t achieve R0 resection. Kaplan‑Meier
analysis revealed that T-staging seemed to correlate with
survival time, and the 1, 3-years accumulative survival time
decreased with increasing T stage. The media survival
time of patients with T1 stage was significantly higher
than that of patients with T2 or T3 stage. In addition,
metastatic disease to N2-level lymph nodes or to distant
sites (i.e., metastatic disease that contraindicated resection)
correlated with increasing T stage. In order to improve
operative resectability and curability, hepatic resection
has been applied to the treatment for hilar cholangiocar
cinoma[21-23]. Whereas, several authors reported that the
extent of hepatic resection was closely associated with the
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occurrence of postoperative complications, such as liver
failure, sepsis, and anastomosis leakage[22,24-27]. In this study,
we demonstrated a significant survival benefit in those
patients who were able to undergo extrahepatic biliary
resections coupled with in-continuity hepatic resection as
compared with those undergoing to extrahepatic biliary
resections alone. Hepatic resection did not increase the
incurrence of complication and operative mortality in
this series; this results also were supported by Miyazaki
et al[28]. In our experience, the segmentsⅠand Ⅳ resection
for hilar cholangiocarcinoma have the benefit of
preserving enough hepatic mass for the patient to tolerate
surgical stress as compared with major hepatic resection.
Early detection and accurate staging are crucial for
planning treatment and improving survival rate of hilar
cholangiocarcinomas. Noninvasive methods like magnetic
resonance cholangiopancreatog raphy or magnetic
resonance angiography (MRCP/MRA) and Doppler
ultrasound have been proposed by Jarnagin[29]. In our data
analysis, duplex ultrasonography and magnetic resonance
cholangiopancreatography have been successful when
compared with any other combination of examinations.
Ultrasonag raphy detecting disease and por t vein
involvement was 91.4% and 90%.and was higher than that
of combined using CT and color Doppler Ultrasonagraphy.
Duplex ultrasonography is noninvasive, and a skilled
operator can identify the site of biliary obstruction, as well
as the presence or absence of portal venous involvement.
The efficacy of MRCP/MRA as a noninvasive means
of acquiring reliable and precise information about the
anatomy of both the intrahepatic and the extrahepatic
biliary tree, as well as the level of tumor involvement, and
the presence of nodal or distant metastases, has been well
documented and has all but replaced percutaneous and
endoscopic cholangiography[30-32].
In conclusion, the T-staging system correlates with
respectability, RO resection and overall accumulative
survival. Patients with hilar cholangiocarcinoma in T1
and T2 stage have the chance of curative resection, incontinuity hepatic resection, and it is necessary to achieve
this with lower complications. Duplex ultrasonography and
MRCP/MRA are essential for a preoperative assessment
of hilar cholangiocarcinoma.

COMMENTS
Background

Cholangiocarcinoma is a malignancy with poor prognosis, and the best result
still comes from surgical resection. However, in many of patients who underwent
laparotomy the tumors are found not respectable. Therefore, a precise
preoperative evaluation system seems to be particularly important. Whereras,
currently the modified Bismuth-Corlette system and American Joint Committee
on Cancer (AJCC) systems are still commonly used in evaluation of hilar
cholangiocarcinoma in China, but both of them failed to identify patients who are
operative candidates or to provide prognostic information.

Research frontiers

This current study retrospectively analyzes 85 patients with cholangiocarcinoma
who underwent surgery using the T-staging system, and evaluates whether the
resectability or survival correlated with T-staging. We also wanted to find the
correlation between the T staging and nodal or distant metastases. Additionally, in
our study, biliary resections coupled with in-continuity hepatic resection has been
proposed to attain radical resection.
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In our data, a similar proportion of patients with T1 (74.4%) and T2 (60.0%) tumors
underwent resection with curative intent. Hepatic resection has been applied to
the treatment for hilar cholangiocarcinoma, and achieved higher median survival
than in the group that did not undergo hepatic resection (28 vs 18 mo; P < 0.05).
In our study, the segmentsⅠand Ⅳ resection for hilar cholangiocarcinoma have
the benefit of preserving enough hepatic mass for the patient to tolerate surgical
stress as compared with major hepatic resection. In our data analysis, duplex
ultrasonography and magnetic resonance cholangiopancreatography are chosen
over any other combination of examinations.

Applications

This study provided important reference as regard to the preoperative assessment
for patients with halir cholangiocarcinoma. In conclusion, the T-staging system
correlates with resectability, RO resection and overall accumulative survival.
Patients with hilar cholangiocarcinoma in T1 and T2 stages have the chance of
curative resection, and in-continuity hepatic resection is necessary to achieve this
with lower complications. Duplex ultrasonography and MRCP/MRA are necessary
for a preoperative assessment of hilar cholangiocarcinoma.

Terminology

In current study, revised preoperative T staging systems were used to
preoperatively evaluate the status of patients with hilar cholangiocarcinoma,
and it described as follows: T1, Tumor involving biliary confluence ± unilateral
extension to 2° biliary radicles, No liver atrophy or portal vein involvement. T2,
Tumor involving biliary confluence ± unilateral extension to 2° biliary radicles
with ipsilateral portal vein involvement ± ipsilateral hepatic lobar atrophy, No
main portal vein involvement T3, Tumor involving biliary confluence + bilateral
extension to 2° biliary radicles; OR unilateral extension to 2° biliary radicles with
controlateral portal vein involvement; OR unilateral extension to 2° biliary radicles
with controlateral hepatic lobar atrophy; OR main or bilateral portal venous
involvement.
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Peer review

The manuscript retrospectively analyzes 85 patients with cholangiocarcinoma who
underwent surgery using the T-staging system. The results show resectability,
tumor-free margin resection and cumulative survival of patients decrease
with increasing T stage. The study also suggests that MRCP/MRA coupled
with Doppler Ultrasonagraphy provides better preoperative evaluation of hilar
cholangiocarcinoma. The paper is well written and more importantly it does provide
important reference as regard to the preoperative assessment for patient with halir
cholangiocarcinoma.
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Abstract
AIM: To evaluate the impact of alcohol dehydrogenase

2 (ADH2) and aldehyde dehydrogenase 2 (ALDH2)
polymorphisms on esophageal cancer risk.

METHODS: One hundred and ninety-one esophageal
cancer patients and 198 healthy controls from Yanting
County were enrolled in this study. ADH2 and ALDH2
genotypes were examined by polymerase-chain-reaction
with the confronting-two-pair-primer (PCR-CTPP)
method. Unconditional logistic regression was used
to calculate the odds ratios (OR) and 95% confidence
interval (95% CI).
RESULTS: Both ADH2*1 allele and ALDH2*1/*2 allele
showed an increased risk of developing esophageal
c a n c e r. T h e a d j u s t e d O R ( 9 5 % C I ) fo r A D H 2 * 1
allele compared with ADH2*2/*2 was 1.65 (95%
CI = 1.02-2.68) and 1.67 (95% CI = 1.02-2.72) for
ALDH2*1/*2 compared with ALDH2*1/*1 . A significant
interaction between ALDH2 and drinking was detected
regarding esophageal cancer risk, the OR was 1.83
(95% CI = 1.13-2.95). Furthermore, when compared
with ADH2*2/*2 and ALDH2*1/*1 carriers, ADH2*1 and
ALDH2*2 carriers showed an elevated risk of developing
esophageal cancer among non-alcohol drinkers (OR =
2.46, 95% CI = 0.98-6.14), and a significantly elevated
risk of developing esophageal cancer among alcohol
drinkers among alcohol drinkers (OR = 9.86, 95% CI =
3.10-31.38).
CONCLUSION: ADH2 and ALDH2 genotypes are
www.wjgnet.com

INTRODUCTION
Epidemiological studies have consistently shown that
alcohol drinking is a strong risk factor for esophageal
cancer[1-3]. Alcohol is not a carcinogen, but its primary
metabolite, acetaldehyde, has been proven carcinogenic
in experimental models [4,5]. When consumed through
drinking, ethanol is metabolized primarily by
class Ⅰ alcohol dehydrogenase (ADH2) into acetaldehyde,
an inter mediate metabolite, followed by aldehyde
dehydrogenase (ALDH2) into acetic acid in humans [6].
Acetaldehyde, a well-known carcinogen in animals,
plays an important role in alcohol toxicity to humans[7].
The encoding genes of the two representative alcoholmetabolizing enzymes display polymorphisms which
may modulate individual differences in alcohol-oxidizing
capacity and drinking behavior[7,8]. ADH2*2/*2 has about
40 times higher Vmax than the less-active ADH2*1/*1.
ALDH2*2 allele encodes a catalytically inactive subunit
for the ALDH2 polymorphism[6,9]. Individuals with the
ALDH2*1/*2 genotype have only 6.25% of normal
ALDH2 *1/*1 activity, indicating a dominant effect of
ALDH2*2[10]. ADH2*2 allele and ALDH2*2 allele, both
leading to high acetaldehyde concentrations, are clustered
in East Asian populations[6,11,12]. Therefore, polymorphisms
of these two genes may exert their effects on esophageal
cancer susceptibility. Although several studies on ADH2
or ALDH2 polymorphisms and esophageal cancer risk
have been conducted to clarify their association [13-15],
investigations on non-alcoholic drinkers are limited[16-19].
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Yanting, a rural county of Sichuan Province, is one of
the areas with the highest esophageal cancer mortality in
China[20]. According to the report from Tumor Registry of
China, the average incidence rate in this area was 100.5/105
for males and 76.5/10 5 for females during 1999-2003,
which was higher than that in Linxian County and lower
than that in Cixian County of Hebei Province, China. Our
previous study in Yanting County has shown that alcohol
drinking and smoking are common in Yanting County and
the main contributors to esophageal cancer[21]. To further
study alcohol-related gene polymorphisms and geneenvironment interaction on esophageal cancer, a casecontrol study was conducted in Yanting County.

Table 1 Characteristics of patients and controls n (%)
Characteristic
Age (yr)
< 50
50-64
≥ 65
Mean age (SD)
Sex
Male
Female
Smoking status
Non-smokers3
Current smokers
Alcohol drinking status
Non-drinkers4
Current alcohol drinkers

MATERIALS AND METHODS
Subjects
Esophageal cancer patients were consecutively collected
from the Hospital of Yangting Cancer Research Institute
(YCRI) from July 2003 to July 2004. All the patients
having lived in Yanting County for more than five years
were histologically diagnosed as esophageal cancer
within 6 mo at the age of 35-85 years. A total of 191
patients (183 with squamous cell carcinoma and 8 with
adenocarcinoma) were recruited for the study. One
hundred and ninety-one healthy residents from Yanting
County served as controls. In total, 191 patients and 198
controls completed a questionnaire and each provided
1 mL blood. The questionnaire included basic demographic
data, information on esophageal cancer and habits such as
smoking and alcohol drinking, as well as information on
food and nutrition.
The ethics committee of each collaborating institution
reviewed and approved the study, and informed consent
was obtained from all participants.
Genotyping of ALDH2 and ADH2
Genotyping was based upon duplex polymerase-chainreaction with the confronting-two-pair-primer (PCRCTPP) method[7]. Briefly, the sequences of four primers
used for ADH2 polymorphism are F1 ADH2: 5'-GGG
CTTTAGACTGAATAACCTTGG-3'; R1 ADH2: 5'-AAC
CACGTGGTCATCTGTGC-3'; F2 ADH2: 5'-GGTGGC
TGTAGGAATCTGTCA-5'; R2 ADH2: 5'-AGGGAA
AGAGGAAACTCCTGAA-3'. The sequences of primers
used for ALDH2 polymorphism are F1 ALDH2: 5'-TGC
TATGATGTGTTTGGAGCC-3'; R1 ALDH2: 5'-CCC
ACACTCACAGTTTTCACTTC-3'; F2 ALDH2: 5'-GGG
CTGCAGGCATACACTA-3'; R2 ALDH2: 5'-GGC
TCCGAGCCACCA-3'. Each 25 µ L reaction mixture
contained 1.3 U Tag biocatalysts, 1.8 mmol/L Mg2+, 0.24
mmol/L dNTPs, 8 primers, 15 pmol of each primer and
5-8 µL template. The PCR conditions were as follows:
initial denaturation at 94℃ for 5 min, followed by 35
cycles at 94℃ for 65 s, at 60℃ for 65 s, at 72℃ for 90 s,
and a final extension at 72℃ for 5 min. After transient
centrifugation, agarose electrophoresis was conducted. The
PCR products included 119 bp fragments of ALDH2*1
allele, 98 bp fragments of ALDH2*2 allele, 219 bp
fragments of ADH2 and ADH2*1 allele, 280bp fragments

Patients Controls
n = 191 n = 198

P1

2

OR (95% CI)

28 (14.7) 84 (42.9)
118 (61.7) 67 (33.4) P < 0.001
45 (23.6) 47 (23.7)
58.3 (8.3) 52.8 (13.2) 126 (66.0) 122 (61.6) P = 0.372
65 (34.0) 76 (38.4)

-

75 (39.3) 121 (61.1) P < 0.001 1.00 (References)
116 (60.7) 77 (38.9)
3.76 (2.01-6.73)
80 (41.9) 128 (64.7)
1.00 (References)
111 (58.1) 70 (35.3) P < 0.001 3.16 (1.91-5.24)

1

P value by chi-square test; 2ORs for smoking and drinking were adjusted
for age and sex, rapid food eating, quality of drinking water, consumption of
fresh fruits, vegetable and eggs; 3Non-smokers including ex-smokers; 4Nondrinkers including ex-drinkers.

of ADH2*2 allele. The 176 bp and 219 bp fragments were
the common fragments of the two alleles.
Statistical analysis
Statistical analyses were performed using the STATA
statistical package (version 8, STATA, College Station,
TX). Demographic data, smoking and drinking status were
compared between patients and controls by chi-square
test. The subjects smoking more than 10 cigarettes per
week for at least 6 mo were defined as current smokers.
The subjects consuming more than 50 mL of distilled
spirits per week for at least 6 mo were defined as current
drinkers. The odds ratio (OR) and 95% confidence interval
(95% CI) generated in unconditional logistic regression
model were used as measures of association for the risk
of esophageal cancer. The relationship of ALDH2 and
ADH2 polymorphisms with esophageal cancer risk was
determined after adjustment for sex, age, smoking, rapid
food eating, quality of drinking water, consumption of
fresh fruits, vegetables and eggs. The combined effect of
alcohol consumption and ADH2 and ALDH2 genotypes
on esophageal cancer was also examined in this study.
Chi-square test was used to check the Hardy-Weinberg
equilibrium (HWE) in controls for the assessment of
discrepancies between genotype and allele frequencies.

RESULTS
The characteristics of subjects are listed in Table 1. The
mean age of 191 patients and 198 controls was 58.3 and
52.8 years, respectively. There was a significant difference
in smoking and alcohol drinking status (P < 0.001)
between patients and controls. When compared with
non-smokers, the adjusted OR of current smokers was
3.76 (95% CI = 2.01-6.73). Current alcohol drinkers also
showed an increased risk of developing esophageal cancer
(OR = 3.16, 95% CI = 1.91-5.24) when compared with
non-drinkers. Almost all the alcohol drinkers drank hard
www.wjgnet.com
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Table 2 ADH2 , ALDH2 genotype and allele frequencies and
ORs for esophageal cancer n (%)
ADH2

1

Cases (n = 191) Controls (n = 198) OR (95% CI)

*2/*2
*1/*2
*1/*1
*1/*2 + *1/*1
ALDH2
*1/*1
*1/*2
*2/*2
*1/*2 + *2/*2

78 (40.8)
80 (41.9)
33 (17.3)
113 (59.2)

100 (50.5)
76 (38.4)
22 (11.1)
98 (49.5)

1.00 (Reference)
1.89 (1.10-3.22)
1.91 (0.92-3.95)
1.65 (1.02-2.68)

90 (47.1)
98 (51.3)
3 (1.6)
101 (52.9)

108 (54.5)
76 (38.4)
14 (7.1)
90 (45.5)

1.00 (References)
1.67 (1.02-2.72)
0.26 (0.06-1.09)
1.43 (0.89-2.30)
OR (95% CI)2

236 (61.8)
146 (38.2)

276 (69.7)
120 (30.3)

1.00 (References)
1.42 (1.06-1.92)

278 (72.8)
104 (27.2)

292 (73.7)
104 (26.3)

1.00 (References)
1.05 (0.76-1.44)

Allele frequencies

ADH2
*2
*1
ALDH2
*1
*2
1

ORs for gene frequencies were adjusted for sex, age, smoking, drinking,
rapid food eating, quality of drinking water, consumption of fresh fruits,
vegetable and eggs; 2ORs for allele frequencies were not adjusted.

liquor containing over 48% ethanol in this area and the
main tobacco type was cigarette (data not shown).
The genotype and allele distribution of ADH2 and
ALDH2 and their OR (95% CI) for esophageal cancer
risk are listed in Table 2. The ADH2 genotype frequency
was 50.5% for ADH2*2/*2, 38.4% for ADH2*1/*2,
and 11.1% for ADH2*1/*1 in controls, which were in
accordance with the HWE (P = 0.20) (data not shown).
When compared with the ADH2*2/*2 genotype, the
esophageal cancer risk in subjects harboring ADH2*1 allele
was significantly elevated (OR = 1.65, 95% CI = 1.02-2.68).
The OR for ADH2*1 allele carriers was 1.42 (95% CI =
1.06-1.92) when compared with ADH2*2 allele carriers.
The frequency of ALDH2*1/*1, ALDH2*1/*2 and
ALDH2*2/*2 was 54.6%, 38.4% and 7.1%, respectively,
in controls, which were also in accordance with the HWE
(P = 0.90) (data not shown). The ALDH2*1/*2 genotype
was associated with an increased risk of developing
esophageal cancer (OR = 1.67, 95% CI = 1.02-2.72).
The combined effect of alcohol consumption and
ADH2 and ALDH2 genotypes on esophageal cancer risk
is shown in Table 3. When compared with non-drinkers
harboring ADH2*2/*2 genotype, alcohol drinkers
carrying ADH2*1 showed an increased risk of developing
esophageal cancer (OR = 3.94, 95% CI = 1.76-8.81).
Similarly, a significantly increased risk of developing
esophageal cancer was found in alcohol drinkers harboring
ALDH2*2 genotype (OR = 4.82, 95% CI = 2.06-11.27),
compared with non-drinkers harboring ALDH2*1/*1
genotype. Furthermore, a significant interaction between
ALDH2 and alcohol drinking was detected regarding
esophageal cancer risk (adjusted OR = 1.83, 95% CI
= 1.13-2.95) (data not shown). When compared with
ADH2*2/*2 and ALDH2*1/*1 carriers, ADH2*1 and
ALDH2*2 carriers showed an elevated risk of developing
esophageal cancer in non-drinkers (OR = 2.46, 95% CI =
0.98-6.14) and a significantly elevated risk of developing
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esophageal cancer in alcohol drinkers (OR = 9.86, 95% CI
= 3.10-31.38).

DISCUSSION
In the present study, the risk of developing esophageal
cancer was significantly increased in ALDH2*1/*2
gene carriers; subjects with ADH2*1 allele had a higher
risk of developing esophageal cancer than those with
ADH2*2/*2; carrying both ALDH2*2 allele and ADH2*1
allele, suggesting that alcohol drinking greatly increases the
susceptibility to esophageal cancer.
ALDH2*2 allele encoding an inactive subunit of
ALDH2 is prevalent in Asian [22]. It was reported that
acetaldehyde concentrations after drinking alcohol
are mainly dependent on the enzyme activation of
ALDH2 [6,23] . After consumption of alcohol, blood
acetaldehyde concentrations in those with ALDH2*2/*2
and ALDH2*1/*2 are 19- and 6-fold higher than in those
with ALDH2*1/*1[24]. Case-control studies of Japanese
and Chinese alcohol drinkers [10,15,16,17,19,25,26] consistently
demonstrated that inactive ALDH2*1/*2 is a strong risk
factor for esophageal cancer. Our data also show that
individuals with ALDH2*1/*2 (OR = 1.67, 95% CI =
1.02-2.72) had a significantly increased risk of developing
esophageal cancer compared to those with ALDH2*1/*1.
Furthermore, our results reveal that there was a significant
interaction between ALDH2 and alcohol drinking,
indicating that esophageal cancer is associated with alcohol
drinking, which is influenced by the polymorphism of
ALDH2.
Previous case-control studies investigating the
association between ADH2 genotype and esophageal
cancer demonstrated that ADH2*1 allele independently
enhances esophageal cancer risk[6,10,14,17,19]. In our study,
the adjusted OR for subjects carrying ADH2*1 allele
was 1.65 (95% CI = 1.02-2.68), which is in line with
former studies[6,10,14,17,19]. There are several reasons which
may explain this finding. ADH2 is the predominant
enzyme among low-Km class Ⅰ ADHs expressed
in the esophagus [27] . In ADH2*1/*1 homozygotes,
concentrations of ethanol may linger in the esophageal
mucosa during the slow oxidation of ADH2. Although
ethanol is not a cancerogen itself, tobaccos and some other
exogenous cancerogens would be assimilated much easier,
thus increasing the effect of cancerogen. Besides, ethanol
can induce the composition of phase Ⅰ drug metabolism
enzymes such as CYP2E1. Moreover, alcohol drinkers with
ADH2*1 genotype tend to have experienced ‘binge-drink
ing’ and withdrawal syndrome earlier in life than those
with other genotypes[14,23]. Therefore, ADH2*1-mediated
alcohol-related events may contribute to the enhancement
of esophageal cancer risk in alcohol drinkers.
It was reported that combination of ADH2*1 allele
and ALDH2*2 allele can greatly enhance cancer risk
among alcoholics[10] and general populations[6,19,23]. Carrying
these two alleles simultaneously indicates a longer time of
exposure to alcohol and highly-concentrated acetaldehyde,
thus increasing the individual’s susceptibility to esophageal
cancer. In the present study, the OR for alcohol drinkers
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Table 3 Combined effect of alcohol consumption and ADH2 and ALDH2 polymorphisms on esophageal cancer n (%)
ADH2

Alcohol drinking status
Non-drinkers
Cases (n = 80)

*2/*2
*1/*2 or *1/*1
ALDH2
*1/*1
*1/*2 or *2/*2
ADH2 and ALDH2
*2/*2
*1/*1
*1/*2 or *1/*1
*1/*2 or *2/*2

2

Current alcohol drinkers
1

Controls (n = 128) OR (95% CI)

Cases (n = 111)

1

Controls (n = 70)

OR (95% CI)

37 (46.3)
43 (53.7)

65 (50.8)
63 (49.2)

1.00 (References)
1.21 (0.63-2.33)

41 (36.9)
70 (63.1)

35 (50.0)
35 (50.0)

1.88 (0.86-4.15)
3.94 (1.76-8.81)

33 (41.3)
47 (58.7)

67 (52.3)
61 (47.7)

1.00 (References)
2.03 (1.03-3.99)

57 (51.4)
54 (48.6)

41 (58.6)
29 (41.4)

3.15 (1.39-7.13)
4.82 (2.06-11.27)

15 (18.8)
25 (31.3)

42 (32.8)
38 (29.7)

1.00 (References)
2.46 (0.98-6.14)

17 (15.3)
30 (27.0)

20 (28.6)
14 (20.0)

2.54 (0.84-7.67)
9.86 (3.10-31.38)

1

ORs were adjusted for sex, age, smoking, rapid food eating, quality of drinking water, consumption of picked vegetables and fresh fruits, vegetables and eggs;
Non-drinkers including ex-drinkers.

2

with both ADH2*1 allele and ALDH2*2 allele was 9.86
(95% CI = 3.10-31.38), which is consistent with former
studies[10].
Some limitations of this study should be considered.
One is that controls were selected from residents in
Yanting County and their basic features are consistent with
general people, such as smoking and alcohol drinking. In
this study, the genotype distribution among the controls
closely conformed to the Hardy-Weinberg equilibrium. So
our control group represents the general population of
Yanting County. In addition, the present study was not an
age matched case control study and age is a risk factor for
esophageal cancer. However, our results are age-adjusted
and may not be biased by age. The small number of
subjects is another limitation, so further studies in a larger
scale appear warranted.
In conclusion, ADH2 and ALDH2 genotypes are
associated with esophageal cancer risk. In addition, the
risk of developing esophageal cancer increases in subjects
carrying ADH2*1 allele and ALDH2*1 allele, especially
in alcohol drinkers. Our present findings provide more
information on the ADH2 and ALDH2 polymorphisms
of esophageal cancer in Chinese.
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COMMENTS
Background

Epidemiological studies have consistently shown that alcohol drinking is a strong
risk factor for esophageal cancer. When consumed through drinking, ethanol is
metabolized primarily by class I alcohol dehydrogenase (ADH2) into acetaldehyde,
an intermediate metabolite, followed by aldehyde dehydrogenase (ALDH2) into
acetic acid in humans. Acetaldehyde, a well-known carcinogen in animals, plays
an important role in alcohol toxicity to humans. ADH2*2 allele and ALDH2*2 allele,
both leading to high acetaldehyde concentrations, are clustered in East Asian
populations. Therefore, the polymorphism of these two genes may exert effect on
esophageal cancer susceptibility.

Research frontiers

Esophageal cancer risk is associated with habits and food consumption, such as
smoking, alcohol drinking, consumption of fresh fruits and vegetables. However,
the effect of gene polymorphisms or gene-environment interaction on esophageal

cancer risk has become a hotspot in recent researches. The present study reports
the association of ADH2 and ALDH2 gene polymorphisms with esophageal cancer
risk. Furthermore, interaction and combination impacts on esophageal cancer
risk between gene polymorphisms and alcohol drinking are also analyzed and
discussed.

Innovations and breakthroughs

Our study showed that ADH2 and ALDH2 polymorphisms were associated with
esophageal cancer risk in a high-incidence area of southwest China. Previous
studies were mainly conducted in Japanese males or alcoholics. In addition,
our controls were collected from the healthy residents and the patients were
histologically diagnosed as esophageal cancer within 6 mo, which is superior to
hospital-based case-control studies.

Applications

The present study indicates ADH2 and ALDH2 genotypes are associated with
esophageal cancer risk, the risk of developing esophageal cancer increases in
subjects carrying ADH2*1 allele and ALDH2*2 allele, especially in alcohol drinkers.
The present findings can provide more information on the ADH2 and ALDH2
polymorphisms of esophageal cancer in Chinese and help make the prevention
strategy against esophageal cancer in China.

Terminology

Alcohol dehydrogenase 2 (ADH2): A zinc-containing enzyme which oxidizes
primary and secondary alcohols or hemiacetals in the presence of NAD. In
alcoholic fermentation, it catalyzes the final step of reducing aldehyde to alcohol
in the presence of NADH and hydrogen. Dehydrogenase 2 (ALDH2): An enzyme
that oxidizes aldehyde in the presence of NAD+ and water to acid and NADH.
Genetic polymorphisms: The regular and simultaneous occurrence of two or
more discontinuous genotypes in a single interbreeding population. The concept
includes differences in genotypes ranging in size from a single nucleotide site to
large nucleotide sequences visible at a chromosomal level.

Peer review

This is an interesting paper investigating the association between ADH2 and
ALDH2 polymorphisms, environmental factors and esophageal cancer risk in a
relatively small cohort of cancer patients. The main conclusion of the manuscript
is that ADH2 and ALDH2 genotypes are associated with esophageal cancer risk;
the risk of developing esophageal cancer increases greatly in subjects carrying
ADH2*1 allele and ALDH2*2 allele, especially in alcohol drinkers.

REFERENCES
1

2
3

Castelletto R, Castellsague X, Muñoz N, Iscovich J, Chopita
N, Jmelnitsky A. Alcohol, tobacco, diet, mate drinking, and
esophageal cancer in Argentina. Cancer Epidemiol Biomarkers
Prev 1994; 3: 557-564
Brown LM, Devesa SS. Epidemiologic trends in esophageal and
gastric cancer in the United States. Surg Oncol Clin N Am 2002;
11: 235-256
Kinjo Y, Cui Y, Akiba S, Watanabe S, Yamaguchi N, Sobue
www.wjgnet.com

5764

4
5
6

7

8
9
10

11
12

13

14

15

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

T, Mizuno S, Beral V. Mortality risks of oesophageal cancer
associated with hot tea, alcohol, tobacco and diet in Japan. J
Epidemiol 1998; 8: 235-243
Woutersen RA, Appelman LM, Van Garderen-Hoetmer
A, Feron VJ. Inhalation toxicity of acetaldehyde in rats. III.
Carcinogenicity study. Toxicology 1986; 41: 213-231
Dellarco VL. A mutagenicity assessment of acetaldehyde.
Mutat Res 1988; 195: 1-20
Yokoyama A, Kato H, Yokoyama T, Tsujinaka T, Muto M,
Omori T, Haneda T, Kumagai Y, Igaki H, Yokoyama M,
Watanabe H, Fukuda H, Yoshimizu H. Genetic polymorphisms
of alcohol and aldehyde dehydrogenases and glutathione
S-transferase M1 and drinking, smoking, and diet in Japanese
men with esophageal squamous cell carcinoma. Carcinogenesis
2002; 23: 1851-1859
Tamakoshi A, Hamajima N, Kawase H, Wakai K, Katsuda
N, Saito T, Ito H, Hirose K, Takezaki T, Tajima K. Duplex
polymerase chain reaction with confronting two-pair primers
(PCR-CTPP) for genotyping alcohol dehydrogenase beta
subunit (ADH2) and aldehyde dehydrogenase 2 (ALDH2).
Alcohol Alcohol 2003; 38: 407-410
Bosron WF, Li TK. Genetic polymorphism of human liver
alcohol and aldehyde dehydrogenases, and their relationship to
alcohol metabolism and alcoholism. Hepatology 1986; 6: 502-510
Yoshida A, Hsu LC, Yasunami M. Genetics of human alcoholmetabolizing enzymes. Prog Nucleic Acid Res Mol Biol 1991; 40:
255-287
Yokoyama A, Muramatsu T, Omori T, Yokoyama T,
Matsushita S, Higuchi S, Maruyama K, Ishii H. Alcohol
and aldehyde dehydrogenase gene polymorphisms and
oropharyngolaryngeal, esophageal and stomach cancers in
Japanese alcoholics. Carcinogenesis 2001; 22: 433-439
Hamajima N, Takezaki T, Tajima K. Allele Frequencies of
25 Polymorphisms Pertaining to Cancer Risk for Japanese,
Koreans and Chinese. Asian Pac J Cancer Prev 2002; 3: 197-206
Oota H, Pakstis AJ, Bonne-Tamir B, Goldman D, Grigorenko
E, Kajuna SL, Karoma NJ, Kungulilo S, Lu RB, Odunsi K,
Okonofua F, Zhukova OV, Kidd JR, Kidd KK. The evolution
and population genetics of the ALDH2 locus: random genetic
drift, selection, and low levels of recombination. Ann Hum
Genet 2004; 68: 93-109
Yokoyama A, Muramatsu T, Ohmori T, Higuchi S, Hayashida
M, Ishii H. Esophageal cancer and aldehyde dehydrogenase-2
genotypes in Japanese males. Cancer Epidemiol Biomarkers Prev
1996; 5: 99-102
Yokoyama A, Muramatsu T, Omori T, Matsushita S, Yoshimizu
H, Higuchi S, Yokoyama T, Maruyama K, Ishii H. Alcohol
and aldehyde dehydrogenase gene polymorphisms influence
susceptibility to esophageal cancer in Japanese alcoholics.
Alcohol Clin Exp Res 1999; 23: 1705-1710
Chao YC, Wang LS, Hsieh TY, Chu CW, Chang FY, Chu
HC. Chinese alcoholic patients with esophageal cancer are
genetically different from alcoholics with acute pancreatitis
and liver cirrhosis. Am J Gastroenterol 2000; 95: 2958-2964

16

17

18

19

20
21

22
23

24

25

26

27

28

   November 21, 2007

Volume 13 Number 43

Matsuo K, Hamajima N, Shinoda M, Hatooka S, Inoue M,
Takezaki T, Tajima K. Gene-environment interaction between
an aldehyde dehydrogenase-2 (ALDH2) polymorphism
and alcohol consumption for the risk of esophageal cancer.
Carcinogenesis 2001; 22: 913-916
Hori H, Kawano T, Endo M, Yuasa Y. Genetic polymorphisms
of tobacco- and alcohol-related metabolizing enzymes and
human esophageal squamous cell carcinoma susceptibility. J
Clin Gastroenterol 1997; 25: 568-575
Boonyaphiphat P, Thongsuksai P, Sriplung H, Puttawibul
P. Lifestyle habits and genetic susceptibility and the risk of
esophageal cancer in the Thai population. Cancer Lett 2002;
186: 193-199
Yang CX, Matsuo K, Ito H, Hirose K, Wakai K, Saito T, Shinoda
M, Hatooka S, Mizutani K, Tajima K. Esophageal cancer risk by
ALDH2 and ADH2 polymorphisms and alcohol consumption:
exploration of gene-environment and gene-gene interactions.
Asian Pac J Cancer Prev 2005; 6: 256-262
Kou Y, Zhang J, Chen G, Wu Z, Yang J, Jiang G, Zhao Y.
Mutation of p53 gene in esophageal precancerous cells.
Sichuan Daxue Xuexao Yixueban 2003; 34: 306-309
Yang CX, Wang HY, Wang ZM, Du HZ, Tao DM, Mu XY, Chen
HG, Lei Y, Matsuo K, Tajima K. Risk factors for esophageal
cancer: a case-control study in South-western China. Asian Pac J
Cancer Prev 2005; 6: 48-53
Higuchi S, Matsushita S, Murayama M, Takagi S, Hayashida
M. Alcohol and aldehyde dehydrogenase polymorphisms and
the risk for alcoholism. Am J Psychiatry 1995; 152: 1219-1221
Wu CF, Wu DC, Hsu HK, Kao EL, Lee JM, Lin CC, Wu MT.
Relationship between genetic polymorphisms of alcohol
and aldehyde dehydrogenases and esophageal squamous
cell carcinoma risk in males. World J Gastroenterol 2005; 11:
5103-5108
Mizoi Y, Yamamoto K, Ueno Y, Fukunaga T, Harada S.
Involvement of genetic polymorphism of alcohol and aldehyde
dehydrogenases in individual variation of alcohol metabolism.
Alcohol Alcohol 1994; 29: 707-710
Yokoyama A, Muramatsu T, Ohmori T, Yokoyama T, Okuyama
K, Takahashi H, Hasegawa Y, Higuchi S, Maruyama K,
Shirakura K, Ishii H. Alcohol-related cancers and aldehyde
dehydrogenase-2 in Japanese alcoholics. Carcinogenesis 1998; 19:
1383-1387
Tanabe H, Ohhira M, Ohtsubo T, Watari J, Yokota K, Kohgo
Y. Genetic polymorphism of aldehyde dehydrogenase 2 in
patients with upper aerodigestive tract cancer. Alcohol Clin Exp
Res 1999; 23: 17S-20S
Chao YC, Wang LS, Hsieh TY, Chu CW, Chang FY, Chu
HC. Chinese alcoholic patients with esophageal cancer are
genetically different from alcoholics with acute pancreatitis
and liver cirrhosis. Am J Gastroenterol 2000; 95: 2958-2964
Yin SJ, Bosron WF, Magnes LJ, Li TK. Human liver alcohol
dehydrogenase: purification and kinetic characterization of
the beta 2 beta 2, beta 2 beta 1, alpha beta 2, and beta 2 gamma
1 "Oriental" isoenzymes. Biochemistry 1984; 23: 5847-5853
S- Editor Zhu LH L- Editor Wang XL E- Editor Liu Y

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 November 21; 13(43): 5765-5770
World Journal of Gastroenterology ISSN 1007-9327
© 2007 WJG. All rights reserved.

RAPID COMMUNICATION

Construction of humanized carcinoembryonic antigen specific
single chain variable fragment and mitomycin conjugate
De-Jie Chen, Zui Tan, Feng Chen, Tian Du
De-Jie Chen, Zui Tan, Feng Chen, Tian Du, Department of
General Surgery, Zhongnan Hospital of Wuhan University, Wuhan
430071, Hubei Province, China
Correspondence to: Professor Zui Tan, Department of General
Surgery, Zhongnan Hospital of Wuhan University, 169 Donghu
Road, Wuhan 430071, Hubei Province,
China. docdj_1130@yahoo.com.cn
Telephone: +86-27-63436739
Received: April 26, 2007
Revised: August 23, 2007

Abstract
AIM: To construct a new target-oriented conjugate of
humanized carcinoembryonic antigen (CEA) specific
single chain variable fragment (scFv) and mitomycin
(MMC) against colorectal cancer, and to investigate its
influence on the growth and apoptosis of colorectal
cancer cells.
METHODS: The primer was designed according to
the gene sequence described in reference 16, which
respectively contains restriction enzyme cleavage sites
Bam HⅠ and Eco RⅠ in its upstream and downstream.
PCR was performed with the plasmid as template
containing genes of humanized anti-CEA scFv. The
product was digested by Bam HⅠ and Eco RⅠ, and
connected to an expression vector which also has the
restriction enzyme cleavage sites Bam HⅠ and Eco R.
Expression of the reaction was induced by isopropy-β
-D-thiogalactoside (IPTG). Then the expression product
was covalently coupled with MMC by dextran T-40. The
immunoreactivity of the conjugate against colorectal
cancer cells as well as CEA was measured by enzyme
linked immunosorbent assay (ELISA). The inhibiting ratio
of conjugate on the growth of colorectal cancer cells was
also measured by ELISA. The effect of conjugate on the
apoptosis of colorectal cancer cells was determined by
flow cytometry (FCM).
RESULTS: Restriction endonuclease cleavage and
gene sequencing confirmed that the expression vector
was successfully constructed. Sodium dodecyl sulfate
polyacrylamide gel electropheresis (SDS-PAGE) confirmed
that this vector correctly expressed the fusion protein.
ELISA confirmed that the conjugate had quite a strong
immunoreactivity against colorectal cancer cells and
CEA. The conjugate had inhibitory effects on colorectal
cancer cells in a concentration-dependent manner and
could induce apoptosis of colorectal cancer cells in a
concentration-dependent manner.

CONCLUSION: The CEA-scFv-MMC conjugate can be
successfully constructed and is able to inhibit the growth
and induce apoptosis of colorectal cancer cells.
© 2007 WJG . All rights reserved.

Key words: Carcinoembryonic antigen; Single chain
variable fragment; Mitomycin; Immunoconjugates;
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INTRODUCTION
Significant improvement has been achieved in the treatment of advanced colorectal cancer in the past decade[1].
New cytotoxic agents and new monoclonal antibodies
(mAb) have been shown to substantially improve patient
outcomes in randomized trials[2]. Nevertheless, the prognosis of patients with advanced colorectal cancer remains
relatively poor with a median survival of approximately 20
mo in optimally treated patients[3]. Therefore, additional
treatment strategies are needed in order to further improve
the outcomes.
With advances in oncomolecular biology, the mechanism of tumor genesis and development is better understood[4], which provides a new medication pattern against
tumors. Since a conception of target-oriented medication
against tumors has been recently brought forward[5], we
can design and develop medications aiming at target spots
of specific molecules and genes to selectively kill tumor
cells according to the known abnormal molecules and
genes related to the genesis of tumors. Target-oriented
medication against tumors provides a new effective way
of treating malignant tumors such as mammary cancer, intestinal cancer and lung cancer[6-8], and can directly deliver
chemotherapeutics for the tumor and form a high local
drug concentration so as to decrease the total dosage and
further reduce the toxic and side effects[9].
An ideal target spot of tumor treatment has the following features. (1) It is a kind of macromolecules which are
rather critical for malignancy phenotype; (2) It has no obvious expression in important organs and tissues; (3) It has
www.wjgnet.com
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biological correlativity; (4) It can be repeatedly tested on
clinical specimens; (5) It has apparent correlativity with the
clinical outcome[10]. Carcinoembryonic antigen (CEA) is a
180 ku cell surface-expressed glycoprotein antigen present
in a number of adenocarcinomas, especially in colorectal
cancer[11]. The gene sequence and three-dimensional structure of CEA have been reported elsewhere[12]. CEA is a
member of the immunoglobulin superfamily and has cell
adhesion properties as well as other less clearly defined
roles[13]. Since it corresponds to all features of the target
spot of tumor treatment, it is the ideal target spot of treating colorectal cancer.
At present, research on target-oriented medication
against advanced colorectal cancer involved 3 different target-oriented drugs that have achieved significant curative
effect: epidermal growth factor receptor (EGFR) inhibitors, vascular endothelial growth factor receptor (VEGFR)
inhibitors, and cyclooxygenase-2 (COX-2) inhibitors[14]. By
coupling radio immunity drugs with anti-CEA monoclonal antibody, Vogel[15] has achieved favorable therapeutic
effectiveness on nude mice model of liver metastasis of
colorectal cancer, thus opening up a new idea for targetoriented medication against advanced colorectal cancer.
Based on the above-mentioned theory, we constructed
a humanized anti-CEA single-chain antibody (scFv) and
coupled it with mitomycin (MMC), a chemotherapeutic
agent against colorectal cancer, and investigated the influence of this conjugate on the growth and apoptosis of
colorectal cancer cells.

MATERIALS AND METHODS
Materials
Plasmid pUC18 containing humanized anti-CEA-scFv was
kindly provided by Professor Mark Sherman (the Berkman
Research Institute, USA). E.coli DH5α and expression
plasmid pGEX-4T-1 were stored in the Virus Research
Institute, Medical College of Wuhan University. T4 DNA
ligase and restriction endonuclease were purchased from
New England Biolabs (USA). High fidelity DNA polymerase and DNA gel extraction kits were purchased from
the Promega Company (USA). Plasmid extracting and purifying kits were the products of Vegen Company (Hangzhou, China). Glutathione acyltransferase purification kits
were purchased from the Clonetech Company (USA).
MMC was purchased from the Roche Company (USA).
Bovine serum albumin (BSA), Tween 20, PI dyebath and
Hanks solution were bought from Fuzhou Maixin Biology Company (China). Glucosan T-40, cysteine, N-2
N-ethylmaleimide (NEMI), horseradish peroxidase-labeled
goat anti-mouse IgG, dimethyl sulphoxide (DMSO) were
bought from the Sigma Company (USA). RPMI 1640
culture medium was bought from the Gibico Company
(USA). CEA was produced by the Zymed Company (USA).
Colorectal cancer cell lines SW480, SW620 and LoVo
were provided by China Center for Typical Culture Collection (CCTCC) (Wuhan, China). Primer synthesis and
gene sequencing were performed by the Sangon Company
(Shanghai, China).
Primers were designed using the program Oligo4.1
and synthesized by Sangon Company (Shanghai, China) as
www.wjgnet.com
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previously described[16], a restriction enzyme cleavage site
BamHⅠ was added to the end 5’, and a restriction enzyme
cleavage site EcoRⅠ was added to the end 3’. Upstream
primer: 5’CGGGATCCATGGACAGAGTCACA3’,
downstream primer: 5’CCGAATTCTCCACGTGCACTCGAGACGGTGAC3’. The underlined parts are the restriction enzyme cleavage sites.
Construction of expression vector
Plasmid pUC18 containing humanized anti-CEA scFv
T84.66 was taken as the template to perform PCR with its
upstream and downstream primers in 50 μL reaction system containing 5 μL template, 5 μL reaction buffer, 2 μL
upstream and downstream primers, 0.5 μL high fidelity
DNA polymerase, 4 μL dNTP and 33.5 μL deionized water. Samples were heated at 94℃ for 5 min, followed by 35
cycles of heating at 94℃ for 30 s, at 55℃ for 30 s and at
72℃ for 30 s. The temperature was held constant at 72℃
for 7 min to ensure complete extension. The completed
PCR reaction mix was electrophoresed on 1% agarose gel
and the desired product was extracted from 200 mg gel
slice. The purified product was digested with BamHⅠ and
EcoR. cDNA of anti-CEA scFv T84.66 containing correspondence restriction enzyme sites to pGEX-4T-1 was
produced. Prokaryon expression vector pGEX-4T-1 was
also digested with BamHⅠ and EcoR. After identified by
agarose gel electrophoresis, the plasmid with a cohesive
end was connected to the cDNA of anti-CEA scFv T84.66
acquired previously. Connection reaction was performed
in 10 μL system. The reaction product was transformed
into competent cell line DH5α and the positive clone
of recombined CEA-scFv-pGEX-4T-1 was acquired.
Restriction endonuclease cleavage and gene sequencing
confirmed that the scFv fragment was correctly interpolated into pGEX4-T-1. Positive plasmid was extracted and
purified with the kits from Vegen Company (Hangzhou,
China).
Expression and purification of the fusion protein
Expression of E. coli DH5α containing the positive plasmid was induced by isopropyl-β-D thiogalactoside (IPTG)
followed by sodium dodecyl sulfate polyacrylamide gel electropheresis (SDS-PAGE). The level of this protein in total
bacterial protein was detected with a thin layer chromatogram (TLC) scanner. The correctly expressed DH5α containing the recombinant plasmid was cultured in 500 mL
triangular flask. After IPTG was added to induce expression of the protein, the product was purified with glutathione acyltransferase purification kit according to its
manufacturer’s instructions. The purified protein was collected with a step-by-step collector containing 500 μL per
tube, and the absorbance value was measured at 280 nm to
quantify the protein.
Construction of CEA-scFv-MMC conjugate
A pertinent amount of dextran T-40 was admixed with sodium periodate as previously described[17], and the mixture
reacted for 3 h at ordinary temperature away from light,
then sufficiently dialyzed with deionized water. After cryodesiccation, poly aldehyde dextran (PAD) was produced.
Fifty mg of PAD was admixed with 100 mg of MMC, and
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the mixture was incubated at 4℃ for 12 h away from light.
Then 80 mg of CEA-scFv purified protein was added,
stirred reaction was carried out for 12 h and terminated
with sodium borohydride. The reaction product was purified with Sephadex G-75 for CEA-scFv-MMC conjugate.
The molecular constitution of the conjugate was measured
by spectrophotometry. The absorbance value of the conjugate was measured respectively at 280 nm and 488 nm, and
at 595 nm after stained with Coomassie brilliant blue. The
mole ratio of each composition was recorded.
Detection of immunocompetence of CEA-scFv-MMC
conjugate by ELISA
Colorectal tumor cells SW480, SW620 and LoVo were
cultured in vitro in 96-well culture plates (104 cells per well).
Twenty-four hours later, 2.5 g/L glutaraldehyde precooled
at 4℃ was added (50 μL per well). The cells were fixed
at 4℃ for 5min, washed 3 times with PBS and stored at
-20℃. When it was used, 10 g/L BSA was added (200 μL
per well), sealed overnight at 4℃, then washed with PBSTween 20 (PBS-T), and CEA-scFv-MMC diluted with multiple proportion was added (50 μL per well). The mixture
was left to react at 37℃ for 1 h, then washed 3 times with
PBS-T. Horseradish peroxidase-labeled goat anti-mouse
IgG antibody was added (50 μL per well). The mixture
was incubated at 37℃ for 1 h, washed 5 times with PBS-T.
Enzyme reaction substrate was added (200 μL per well),
the mixture was incubated to react for 15 min at room
temperature away from light and terminated by adding
2 mol/L sulfuric acid. The absorbance value was measured
at 490 nm with enzyme labelling instruments to determine the immunoreactivity of CEA-scFv-MMC against
colorectal cancer cells. CEA (pH 7.5) at the concentration
of 1.35 g/L was put into culture plates (100 μL per well),
the mixture was incubated over night at 4℃. The supernatant was discarded. The mixture was washed 3 times with
PBS and stored at -20℃. When it was used, 10 g/L BSA
was added (200 μL per well), sealed overnight, and washed
with PBS-T buffer solution. Other steps were the same
as above, and the immunoreactivity of CEA-scFv-MMC
against CEA was detected.
Growth inhibition ratio of conjugate to colorectal cancer
cells
The colorectal cancer cells LoVo were cultured in
RPMI1640 culture medium, routine serial subculture was
carried out in an incubator containing 50 mL/L CO2 at
37℃. The culture medium was replaced with drug-containing culture medium 24 h after the cells adherently grew
to 70%-80% monolayer, then the experiment was carried
out. The cells were digested with trypsin and blown to
single cell suspension. The cell concentration was counted,
adjusted to 1 × 108 cells/L, which were inoculated into
96-well culture plates (0.2 mL per well). The original fluid
was discarded after 24 h culture. CEA-scFv-MMC conjugate with different concentrations was added into the wells
(0 mg/L in control group; 25 mg/L, 50 mg/L, 100 mg/L,
150 mg/L, 200 mg/L, 300 mg/L and 400 mg/L, respectively, in treatment group) and cultured for 48 h. Twenty
µL of MTT solution (2.5 g/L) was added into each well,
and cultured for 4 h. After the supernatant was carefully
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blotted, 150 µL of 100 g/L DMSO was added into each
well. The absorbance value (A630nm) of each well was measured by enzyme labelling instruments after gently agitated
on the oscillator. The growth inhibition ratio at each concentration in treatment group was calculated according to
the following formula: growth inhibition ratio IR (%) =
(1-average A630nm of treatment group/A630nm of control
group) × 100%.
Influence of conjugate on apoptosis of colorectal cancer
cells
Colorectal cancer cells treated with different concentrations of CEA-scFv-MMC conjugate were cultured for 3 d
and 106 cells were collected, fixed with 700 mL/L ethanol.
The dying cell suspension was filtrated through nylon net
(400 meshes) and washed 3 times with PBS followed by
addition of 10 μL of Annexin V-fluorescein isothiocyanate
and PI solution. The mixture was blended in ice bath for
10 min away from light. A flow cytometer (FCM) was used
to detect the influence of CEA-scFv-MMC conjugate on
the apoptosis of colorectal cancer cells.
Experiments approved by the local ethical committee were performed after the patients gave their informed
consent. All the experimental data were expressed as mean
± SD. Comparison between treatment and control groups
was made by t test and their ratios by χ2 test. The correlation between the two groups was analyzed with collinearity.
P < 0.05 was considered statistically significant.

RESULTS
Construction of recombinant plasmid CEA-scFv-pGEX-4T-1
A 810 bp specific band was obtained by PCR amplification with pUC18 as template. cDNA of PCR amplification
was completely in accordance with the gene sequence of
humanized anti-CEA specific scFv T84.66. The positive
clone of recombinant plasmid CEA-scFv-pGEX-4T-1 was
identified by double restriction endonuclease cleavage with
BamHⅠ and EcoRⅠ. Two specific bands were obtained
in line 1, one was 4.7 kb and the other was 810 bp, and a
5.5 kb band was obtained in line 2. The 4.7 kb band represented pGEX-4T-1, 810 bp band anti-CEA-scFv, and the
5.5 kb band the recombinant plasmid CEA-scFv-pGEX4T-1 (Figure 1). The result was completely consistent with
our hypothesis. Meanwhile, the scFv gene was correctly
inserted to the expression vector.
Expression of scFv gene
After induction of IPTG, expression of the scFv gene inserted to the pGEX-4T-1 was stable. A new protein band
was obtained at Mr 49 000 after SDS-PAGE, and its size was
in accordance with GST (Mr 26 000) and scFv-CEA (Mr
23 000) fusion protein (Figure 2). This new protein band was
preliminarily identified as the expressed CEA-scFv/GST
fusion protein. TLC scan showed that the expressed fusion
protein amounted to 26% of the total bacterial protein.
Components and immunoreactivity of the conjugate
The components of the conjugate were calculated. The
molecule ratio of CEA-scFv: Dextran T-40: MMC in the
conjugate was 1:1.2:38. The immunoreactivity of the conwww.wjgnet.com
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jugate against colorectal cancer cells SW480, SW620 and
LoVo was strong, and that against LoVo cells was the strongest (Figure 3A). The immunoreactivity of the conjugate
against CEA was also strong, especially when the concentration of the conjugate was above 20 mg/L (Figure 3B).
Restraining effect of the conjugate on growth of LoVo
cells
After 48 h treatment, LoVo cells were treated with various
concentrations of CEA-scFv-MMC, more or less restraining effect of the conjugate on the growth of LoVo cells was
shown, significantly depending on the concentration. When
the concentration was above 100 mg/L, it had an obvious
restraining effect on the growth of the cells (aP < 0.05), and
when the concentration was above 200 mg/L, it had a further restraining effect on the cells (bP < 0.01, Table 1).
Effect of conjugate on apoptosis of LoVo cells
Different doses of CEA-scFv-MMC had different effects
on apoptosis of LoVo cells. Apoptosis of LoVo cells began at the concentration of 25 mg/L CEA-scFv-MMC.
The apoptosis rate increased with the increasing concentration of CEA-scFv-MMC (Figure 4A). Apoptosis of
LoVo cells began 12 h after treatment of LoVo cells with
CEA-scFv-MMC and the apoptosis rate reached its peak
at 72 h (Figure 4B). The results showed that apoptosis of
LoVo cells induced by CEA-scFv-MMC was highly dependent on its concentration and its duration of action.

DISCUSSION
Adjuvant chemotherapy has become more and more important in the treatment of colorectal cancer[18]. In recent
years, though a variety of anti-cancer drugs are available,
most of them could not distinguish cancer cells from
normal cells[19]. Therefore, their clinical application is limited due to their toxic and side effects[20]. Target-oriented
treatment directly delivers chemotherapeutic drugs to the
tumor, resulting in a high drug concentration in the tumor[21]. Through decreasing the total dose, the toxic and
side effects of drugs are decreased[22]. Single-chain antibody is an ideal vehicle for delivering chemotherapeutic
drugs, because it is easy to reach the tumor due to its small
molecular weight and strong penetrating force[23]. The scFv
www.wjgnet.com

gene applied in this study is derived from monoclonal antibody T84.66, which has been humanized[16] and does not
cause (HAMA) reaction in human body[24]. MMC, a broad
spectrum anti-tumor drug, is nonspecific for cell cycle.
However, it may depolymerize the DNA of cells and inhibit its replication, thus restraining the division of tumor
cells[25]. The aim of this study was to construct a drug for
target-oriented treatment of colorectal cancer, with MMC as
the “warhead” and anti CEA svFv as the vehicle.
Taking plasmid pUC18 as template, we successfully
amplified the CEA scFv gene, which is completely consistent with the reported gene sequence[16]. In order to make
the fusion gene express effectively and prokaryotic cells
express eukaryotic protein, we successfully constructed the
GST fusion expressing vector (pGEX-4T-1/CEA-ScFv)
and removed the repression effect of lac by IPTG, and
made CEA scFv express highly effective in E.coli DH5α.
The expressed fusion protein amounted to 26% of the total bacterial protein.
In this study, we successfully coupled anti-CEA scFv
and MMC with dextran T-40 as a medium. The molecular
ratio of scFv: dextran T-40: MMC in the conjugate was
1:1.2:38. Since the molecular weight of the antibody is
only 49 ku, the conjugate could meet the requirements of
antibody[26]. Measurement of immunoreactivity of the conjugate showed that it had a strong immunological activity
against three kinds of colorectal cancer cells, among which
immunoreactivity of the conjugate against LoVo cells was
the strongest, which may be due to the high CEA expression in LoVo cells[27].
In the study, different concentrations of CEA-scFvMMC had a different restraining effect on LoVo cells
depending on the concentration. When the concentration
was above 100 mg/L, it had an obvious restraining effect
on the growth of LoVo cells. Apoptosis of LoVo cells began at the concentration of 25 mg/L, the apoptosis ratio
increased with the increasing concentration of CEA-scFvMMC. The optimal dose of CEA-scFv-MMC for inducing apoptosis was 200 mg/L. When time was studied as a
variable, the apoptosis began 12 h after treatment of LoVo
cells with CEA-scFv-MMC and reached its peak 72 h after
CEA-scFv-MMC treatment, suggesting that apoptosis of
LoVo cells induced by CEA-scFv-MMC is highly dependent on the concentration of CEA-scFv-MMC and its
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duration of action. However, a large dose or a long duration of CEA-scFv-MMC can result in cell necrosis, which
may be due to the in vitro accumulation of cells undergoing
apoptosis without pinocytosis of macrophages[28].
Taking the capacity of the protein yield into consideration, we did not remove GST from the GST/CEA-scFv
fusion protein, but directly coupled the fusion protein with
MMC. In in vitro experiment, GST had no effect on the immune activity of the conjugate and colorectal cancer cells.
Further experiments are needed to demonstrate whether
the conjugate can be applied in vivo. On the other hand, the
reaction of the body and immunogenecity do not necessarily parallel the process of humanization[29]. Thus, the in vivo
immunogenecity cannot be predicted .The next experiment
will focus on more suitable expression vectors to make the
expression of CEA-scFv more effectively. Animal experiments will be carried out to explore the target-oriented effect of CEA-scFv-MMC, immunogenecity of the conjugate
and its therapeutic effect on colorectal cancer in vivo. Since
only some kinds of colorectal cancer express CEA[30], this
therapy would only be applied to such cancers.
In conclusion, CEA-scFv-MMC conjugate can be successfully constructed and restrains the growth of colorectal
cancer cells and induces apoptosis of cancer cells in vitro.
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Background

Carcinoembryonic antigen (CEA) is present in a number of adenocarcinomas,
especially in colorectal cancer. If a humanized anti-CEA single-chain antibody
(scFv) can be coupled with a chemotherapeutics, the conjugate would be an ideal
target-oriented medication for colorectal cancer.
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An expression vector has been constructed to express the humanized anti-CEA
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scFv, with the protein coupled with mitomycin (MMC). The conjugate can restrain
the growth of colorectal cancer cells and induce apoptosis of colorectal cancer
cells in vitro.
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Innovations and breakthroughs

Through restriction endonuclease cleavage and gene sequencing, the expression
vector was successfully constructed. Applying SDS-PAGE and ELISA, we
have confirmed that this vector can correctly express the fusion protein and the
conjugate has quite a strong immunoreactivity against colorectal cancer cells
and CEA. The conjugate has an inhibitory effect on colorectal cancer cells in a
concentration-dependent manner, and induces apoptosis of colorectal cancer cells
in a concentration-and time-dependent manner.

Applications

The conjugate may be a potential target-oriented medication for colorectal cancer
expressing CEA.

Terminology

CEA is a 180 ku cell-surface expressed glycoprotein antigen present in a number
of adenocarcinomas, especially in colorectal cancer. It is a member of the
immunoglobulin superfamily and has cell adhesion properties as well as other less
clearly defined roles. scFv is an ideal vehicle for delivering chemotherapeutics, as
it is easy for single-chain antibody to reach the tumor due to its small molecular
weight and strong penetrating force. MMC is a broad spectrum anti-tumor
medicine and nonspecific for cell cycle. However, it may depolymerize DNA of
cells and inhibit its replication, thus restraining the division of tumor cells.
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Peer review

This paper reports the construction and in vitro effect of a humanized
carcinoembryonic antigen specific single chain fragment mitomycin conjugate. The
authors have demonstrated that CEA-scFv-MMC conjugate is able to inhibit the
growth and induce the apoptosis of colorectal cancer cells.
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Abstract
Extrarenal fibromuscular dysplasia causing gastrointestinal bleeding without other manifestations and
especially sparing renal vasculature is uncommon. The
diagnosis of this entity is usually made by radiographic
appearance and the treatment is controversial. To our
knowledge only seven cases of visceral fibromuscular
dysplasia as a primary manifestation of the disease have
been described, symptoms range from abdominal pain to
gangrene. This is the first case of visceral fibromuscular
dysplasia presenting with otherwise asymptomatic
gastrointestinal bleeding, without bowel necrosis or
ischemic changes. We provide a review of the literature.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Fibromuscular dysplasia (FMD) of extrarenal location,
visceral or splanchnic, accounts for a small percentage
of cases. Clinical presentation is variable, generally

as occlusive or aneurysmal disease, and sometimes
associated with a family history of FMD. Treatment is
not standardized due to rarity of the entity and includes
either segmental resection, with or without angioplasty or
medical treatment with anticoagulation and thrombolysis.
We present a case report and review of the literature.

CASE REPORT
A 38-year-old man was transferred to our facility with
intractable gastrointestinal bleeding. On presentation at the
referring institution, he denied shortness of breath, dizziness,
lethargy or abdominal pain. Upper esophagogastroduodenosc
opy performed at the referring institution, excluded an upper
gastrointestinal source of bleeding. An angiogram suggested
diffuse severe vasculitis involving celiac trunk, superior
mesenteric artery and inferior mesenteric artery.
The patient's medical history was significant for
multiple episodes of gastrointestinal bleeding and gastric
ulcers. Surgical history was significant for small bowel
resection, 6 mo prior to the present admission, where an
exposed vessel was identified as the source of bleeding.
A pathological diagnosis of angiodysplasia/vasculitis was
made. Family history was unremarkable. The patient was a
smoker and a social drinker but denied use of illicit drugs.
On admission his physical examination was positive for
pallor and compensatory tachycardia with a stable blood
pressure. Hemoglobin level was 8.4 g/dL despite multiple
transfusions.
The patient was started on steroid therapy due to a
history of vasculitis. However, antinuclear antibody titer
(ANA) of < 1:16, excluded this possibility. Bleeding scan
suggested a bleeding site in the small bowel bleeding most
likely in the ileum. On the second day of admission an
angiogram was performed with intent of embolization,
and showed normal aorta and renal arteries and extensive
vascular abnormalities involving all branches of the
superior mesenteric artery, which included ectasia,
bleading and narrowing; and marked ectasia of the inferior
mesenteric artery and areas of hypervascularity. There
was no evidence of contrast extravasation. Due to drop
of hemoglobin and failure of medical treatment including
attempted embolization, the patient was taken to surgery.
Intraoperative colonoscopy showed obvious bleeding
at the anastomosis site from the previous small bowel
resection, in the ileum, with old blood distally. A segment
of distal ileum, 6 cm away from the ileocecal valve was
resected. No obvious bleeding site was identified.
www.wjgnet.com
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The specimen received consisted of a 37.5 cm segment
of small bowel designated as “distal ileum” and a grossly
unremarkable vermiform appendix. On opening the small
bowel, the mucosal surface was intact without evidence of
ulcers or masses. There were multiple yellow, tan slightly
elevated areas of the mucosa, giving the appearance
of papules, ranging from 0.3 to 0.5 cm. The previous
anastomosis site was intact. Sections through the mucosa,
perineal fat and mesentery showed thickened and tortuous
submucosal, subserosal and mesenteric vessels, some of
them contained clotted blood.
Microscopic sections (Figure 1) revealed marked
thickening and hyalinization of medium sized vessel walls,
with prominent eccentric intimal proliferation (Figure 1A
and B) and apparent sparing of small sized vessels (Figure
1C). Focal evidence of recent vascular thrombosis with
early organization was noted in one vessel (Figure 1D).
Arteritis, necrosis, inflammation and calcification were
absent. Verhoeff ’s Van Gieson elastic stain (Figure 1E)
highlighted the prominent intimal hyperplasia. Masson’s
trichrome stain (Figure 1F) highlighted a loose matrix of
fibrous tissue replacing and expanding the intima.
www.wjgnet.com
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Figure 1 Microscopic sections
showing marked thickening (A) and
hyalinization (B) of medium sized
vessel walls with prominent eccentric
intimal proliferation with no arteritis,
necrosis, inflammation and calcification
(hematoxylin-eosin, original
magnification × 200); sparing of
small sized vessels (C) (hematoxylineosin, original magnification × 200);
focal evidence of recent vascular
thrombosis with early organization in
one vessel (D) (hematoxylin-eosin,
original magnification × 200); Verhoeff’
s Van Gieson elastic stain highlighting
the prominent intimal hyperplasia (E)
(original magnification × 200; Masson’
s trichrome stain highlighting a loose
matrix of fibrous tissue replacing and
expanding the intima (F) (original
magnification × 200).

DISCUSSION
FMD was first described more than 68 years ago by
Leadbetter, as a cause of hypertension, but was not until
1938 that it received an accurate pathological description by
Mc Cormack, who reported four cases as “fibromuscular
hyperplasia”[1,3]. Currently, FMD is well recognized as a
nonatherosclerotic, noninflammatory vascular disease that
most commonly affects young females, involving the renal
and internal carotid arteries but has been described in almost
all arterial beds in the body[1-9]. This entity accounts for less
than 10% of cases of renal-artery stenosis[2]. Among 1200
cases of FMD studied by Meetinger[3], 60% involved renal
arteries, 34% extracranial carotid and vertebral arteries, and
less than 2.5% involved iliac, celiac and mesenteric arteries.
Two histopathological classifications of renal FMD
have been proposed. In 1971, Harrison and McCormack[10]
made the first classification, based on the arterial layer in
which the lesion predominates: intimal fibroplasias, medial
fibroplasias and adventitial fibroplasias. Intimal fibroplasia
was found in less than 10% of patients with FMD, and can
be confused with arteritis by angiography because it may
appear as a focal, concentric stenosis or a long smooth
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narrowing. Medial fibroplasia, characterized on imaging
studies by a “string of beads appearance”, represents the
most common dysplastic lesion, with medial compromise
and sparing of intimal and adventitial layers. Medial
fibroplasias include two uncommon subtypes: perimedial
fibroplasia and medial hyperplasia. Perimedial fibroplasia
is characterized by a collar of elastic tissue at the junction
of the media with the adventitia. Medial hyperplasia,
corresponds to less than 1% of causes of renal stenosis,
and consists of medial hyperplasia without loose matrix of
fibrous tissue formation. The third category, also the rarest
type of FMD is adventitial (periarterial) hyperplasia.
In 1975, Stanley [4] , subdivided FMD into four
categories, instead of three, according to histopathological
findings: intimal fibroplasias, medial hyperplasia, medial
fibroplasia and perimedial dysplasia. The first category,
intimal fibroplasia accounts for 5% of cases of FMD
appearing as irregular tubular stenosis in young patients
and smooth focal stenosis in older persons, characterized
histologically by an accumulation of irregularly arranged
subendothelial mesenchymal cells within a loose matrix
of fibrous connective tissue, often eccentric, with absence
of inflammator y cells or foamy macrophages. The
second, medial hyperplasia is characterized by increase in
medial muscle, without demonstrable fibrotic changes,
and accounts for less than 1% of cases. This category is
difficult to differentiate roentographically from intimal
fibroplasia. The third and most common category, medial
fibroplasia, represents 85% of cases of renal FMD, and
is most commonly seen in the pediatric population. It
is characterized histologically by compromise of the
outer media, or diffuse involvement of the entire media.
Involvement of the outer media presents with compact
fibrous connective tissue replacing smooth muscle
peripherally, and a moderate accumulation of collagen in the
inner media, separating disorganized smooth muscle. On
the other hand, diffuse medial fibroplasia is characterized by
severe disorganization, with disruption and replacement of
smooth muscle by haphazard arrangements of fibroblasts
and collagen. The last category, perimedial dysplasia, found
in 10% of cases of FMD, is characterized by relatively
acellular tissue in the region of the external elastic lamina
that can be mistaken for dense collagen.
Both authors reported that macroaneurysms and
dissections are the common complications of FMD.
Aneur ysms can present in any subtype, and their
presence should not lead to a different diagnosis. To date,
classifications are used in the literature, indistinguishably.
The etiolog y of FMD is unknown, but several
factors, genetic, mechanical and hormonal, have been
implicated[1-4,7-8]. Hormonal influence is considered due to
the prevalence of the disease in hormonally active females.
Although no association has been found between FMD
and history of use of oral contraceptives or abnormalities
of endogenous sex hormones, physiologic preconditioning
of cellular elements to fibroblastic activities by estrogen
has been shown. Mechanical factors, such as artery
traction due to renal ptosis, could explain the increased
frequency in the right kidney, compared to the left kidney.
The stress involved in the stretch traction may predispose
to fibroplasia directly by altering vessel wall tissues or
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indirectly by disrupting the vasa vasorum. Vasa vasorum of
muscular arteries originates from branching of the parent
vessel and arteries such as renal, extracranial carotid and
external iliac arteries may have a normal paucity of vasa
vasorum, making them prone to alteration. Genetic factors
may be contributory, since FMD is more common among
first degree relatives with renal FMD and among persons
with angiotensin-converting-enzyme allele I (ACE-I).
The differential diagnosis is broad, but usually straight
forward, once common etiologies are excluded [1,13] .
Atherosclerosis typically occurs in older patients with
cardiovascular risk factors and usually involves the
origin or the proximal portion of the artery. In contrast,
renal FMD occurs in younger patients, with few or no
cardiovascular risks and frequently involves the middle
or distal segments of artery. FMD is distinguished from
active vasculitis, based on the absence of inflammation,
anemia, thrombocytopenia or acute phase reactants. If
histologic diagnosis is unavailable, angiography is unable
to differentiate FMD and vasculitis, due to the extreme
similarity in radiographic appearance, especially in the
case of intimal fibroplasias, where both entities have
identical manifestations, as illustrated in this case. Diseases
affecting medium size vessels may induce identical
histopathological changes in the vessel wall and should be
considered in the differential diagnosis, including familial
diseases such as neurofibromatosis and Friedreich’s ataxia,
endocrine diseases such as diabetes and homocystinuria,
autoimmune diseases including any type of vasculitis,
allograft rejection, infectious vasculitis such as Rickettsia,
Rocky Mountain spotted fever, epidemic typhus, scrub
typhus, Q-fever, pseudomonas, syphilis, fungi, plague,
Whipple’s disease, leptospirosis and schistosomiasis, toxic
agents such as cocaine, coagulopathies such as thrombotic
thrombocytopenic purpura, hemolytic uremic syndrome
and disseminated intravascular coagulation, systemic
hypertension, neoplastic entities such as intravascular
lymphomatosis, endovascular papillary angioendothelioma
or intravascular papillar y endothelial hyperplasia,
amyloidosis or emboli.
Visceral or splanchnic FMD accounts for 2.5% of
cases of FMD and its clinical presentation has a wide
spectrum [3,5-9,11-13]. When symptomatic, its presentation
can be as occlusive disease or as aneurysmal disease.
Occlusive disease ranges in spectrum from abdominal
angina to intestinal gangrene. Of the seven case reports
found in the literature with visceral FMD, two[8,9] had a
family history of FMD or associated renal FMD. The
other four[5,6,11,13] presented with only visceral involvement.
The age ranged from 5 to 78 years. Three cases occurred
in women and four in men. The initial presentation was
acute abdomen in all the patients, with compromise of
superior mesenteric artery in four patients, superior rectal
artery in one, jejunal and sigmoid artery and colonic
artery in one, and unspecified in the other patient. Two
out of the seven patients presented with gastrointestinal
bleeding. Histological analysis revealed mucosa with
ischemic changes and FMD of different categories, intimal
fibroplasia in three patients, medial fibroplasia in two
patients, perimedial dysplasia in one patient and adventitial
fibroplasia in one patient. Three patients died and four
www.wjgnet.com
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of the seven survived. Among the successfully treated
patients, three had surgery with a segmental resection,
one of them combined with angioplasty. One patient was
medically treated with anticoagulation and thrombolysis,
without requiring any invasive procedure.
Interestingly enough, a study that originated from a
case of ischemic proctitis, analyzed 50 rectums and their
blood supply in patients with a median age of 61 years[11]
showed that adventitial FMD was found in more than
50% of unselected, examined specimens, indicating that a
relatively mild, asymptomatic form of adventitial FMD is
common in later life.
Treatment for visceral FMD is more anecdotic and
based on retrospective case series [1]. Revascularization
through angioplasty without stent, segmental resections,
anticoagulation and fibrinolysis has been used.
We present a case of extrarenal, visceral FMD, with
intimal fibroplasia histopathologic type, causing intractable
and recurrent gastrointestinal bleeding, without ischemia or
necrosis of the bowel, who was successfully treated surgically
with partial jejunectomy. The patient did well, and a year
after small bowel resection he developed a ventral hernia,
requiring laparoscopic and open repair. The specimen showed
a large artery with fibromuscular and intimal hyperplasia. No
new episodes of gastrointestinal bleeding or gastrointestinal
symptoms have been documented.
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Abstract
We p r e s e n t a ra re c a s e o f w e l l - t o m o d e ra t e l ydifferentiated hepatocellular carcinoma (HCC) in a
71-year-old woman with hepatitis C virus-related cirrhosis
and unusual radiologic features. A 20-mm hypoechoic
nodule disclosed by ultrasound in segment two showed
hyperattenuation on both computed tomography hepatic
arteriography and computed tomography during arterial
portography. Contrast-enhanced ultrasound revealed
hypervascularity in the early vascular phase and defect in
the post-vascular phase, with the same pattern detected
by the two imaging techniques. SPIO-MRI revealed a
hyperintense nodule. These findings were compatible
with those of moderately-differentiated HCC. An
ultrasound-guided biopsy showed histological features of
well- to moderately-differentiated HCC characterized by
more than two-fold the cellularity of the non-tumorous
area, fatty change, clear cell change and mild cell atypia
with a thin to mid-trabecular pattern. Further studies
may provide insights into the correlation between tumor
neovascularity in multistep hepatocarcinogenesis and
dual hemodynamics, including the artery and the portal
vein.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Recent advances in imaging have enabled clinicians to
identify not only advanced HCC but also dysplastic
nodules or early hepatocellular carcinoma (HCC).
Moreover, clinicians can now obtain images by CT hepatic
arteriography (CTA) and CT during arterial portography
(CTAP) concurrently, and can evaluate the hemodynamics
of lesions preoperatively[1,2].
To determine the treatment of choice for HCC,
examinations by both CTA and CTAP are indispensable
because of the high sensitivity of CTAP in detecting hepatic
lesions and the capability of CTA of characterizing them.
Moderately-differentiated HCC is generally demonstrated
as a perfusion defect on CTAP and as an enhanced area
on CTA, principally because of the reciprocal blood
flow of these two features. We investigated a case of
well- to moderately-differentiated HCC, manifesting
hyperattenuation on both CTA and CTAP.

CASE REPORT
A 71-year-old woman with hepatitis C virus (HCV)related cirrhosis was admitted to Kobe Asahi Hospital
in January 2007 for further examination of a 20-mm
hypoechoic nodule in segment two (S2). She had no
history of alcohol, blood transfusion, or drug abuse.
Six months earlier, the patient had undergone to
radiofrequency ablation of a 20-mm totally necrotic HCC
in segment 7 (S7).
www.wjgnet.com
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Figure 1 Ultrasound (US) image of a 20-mm hypoechoic nodule in segment 2 (S2).
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Figure 3 A: Hyperattenuation in S2 on computed tomography during arteriography
(CTA); B: Hyperattenuation in S2 on computed tomography during arterial
portography (CTAP).

B

T

Figure 2 Contrast enhanced US of the nodule in S2. A: Hypervascularity in the
early vascular phase; B: Defect in the post-vascular phase.

On admission, a physical examination showed
no remarkable abnormalities. Serum HCV RNA was
positive, and the HCV genotype was 1b. Serum hepatitis
B virus (HBV) was negative for surface antigen, surface
antibody, core antibody, and deoxyribonucleic acid (DNA).
Laboratory studies disclosed the following abnormal
values: platelets 6.0 × 104/μL (normal 13.4-34.9), aspartate
aminotransferase 50 U/L (10-40), alanine aminotransferase
46 U/L (5-40), alkaline phosphokinase 744 U/L (115-359),
thymol turbidity 13.9 U (< 4.0), zinc surface turbidity
25.2 U (2.0-12.0), ICG R15 43% (0-10), γ globulin 52.8%
(10.5-20.3). The levels of tumor markers were as follows:
alpha-fetoprotein (AFP) 63.8 ng/mL (< 10.0), lens
culinaris agglutinin A reactive fraction of alpha fetoprotein
(AFP-L3) 4.6% (< 10.0), and protein-induced vitamin K
absence (PIVKA II) 91 mAU/mL (<40).
www.wjgnet.com

Ultrasound (US) disclosed a 20-mm hypoechoic
nodule in S2 (Figure 1). Contrast-enhanced US revealed
hypervascularity in the early vascular phase (Figure 2A),
and defect in the post-vascular phase (Figure 2B). Magnetic
resonance imaging (MRI) revealed a high intensity nodule
at both T1- and T2-weighted sequences. Contrastenhanced MRI revealed a hypervascular nodule in the early
phase and washout in the late phase. SPIO-MRI revealed
a hyperintense nodule. Contrast-enhanced CT revealed an
enhanced nodule in the early phase and washout in the late
phase. Both CTA and CTAP revealed hyperattenuation
(Figure 3A and B). Histologically, the nodule was well- to
moderately-differentiated HCC characterized by more than
two-fold the cellularity of the non-tumorous area, fatty
change, clear cell change and mild cell atypia with a thin to
mid-trabecular pattern (Figure 4A).
Immunohistochemical staining of heat shock protein
(HSP) 70 (Figure 4B) was partly positive, and that of
cyclase-associated protein (CAP) 2 was strongly positive
(Figure 4C). Immunohistochemical staining of CD34 in
HCC was positive in the sinusoidal blood space (Figure
4D). Immunohistochemically, CD68 was significantly
underexpressed in the sinusoidal blood space compared
with its expression in the non-HCC area (Figure 4E).

DISCUSSION
According to the classification by the International Working
Party of the World Congress of Gastroenterology [3],
hepatic nodules observed in patients with chronic liver
disease can be subdivided into regenerative nodules
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Figure 4 Histological features of a US-guided biopsy of a hyperechoic nodule in S2. A: Well- to moderately-differentiated HCC characterized by more than two-fold the
cellularity of the non-tumorous area, fatty change, clear cell change and mild cell atypia with a thin to mid-trabecular pattern (HE×100); B: Immunohistochemical finding,
HSP70 partly positive HCC cells; C: Immunohistochemical finding, CAP2 strongly positive HCC cells; D: Immunohistochemical staining of CD34 in the sinusoidal blood
space is positive, showing capillarization; E: Immunohistochemical staining of CD68 Kupffer cells in the sinusoidal blood space is relatively less positive; F: Non-HCC area
of immunohistochemical staining of CD68 Kupffer cells in the sinusoidal blood space.

(monoacinar and multiacinar), low-grade dysplastic nodules
(LGDS), high-grade dysplastic nodules (HGDS), welldifferentiated HCC (wHCC), moderately-differentiated
HCC (mHCC), and poorly-differentiated HCC (pHCC),
in the ascending order of histologic grades, representing a
sequence of multistep hepatocarcinogenesis.
Several studies have shown sequential changes of
hemodynamics in such hepatocellular neoplastic nodules
and have reached similar conclusions: in the multistep
developmental process of HCC, first, intratumoral hepatic
arterial flow transiently decreases in the early stages of
hepatocarcinogenesis and corresponds, histopathologically,
to the obliteration of pre-existing hepatic arteries[2]; next
intratumoral portal flow decreases gradually with the
elevation of the histopathologic grades of hepatocellular
nodules; and then hepatic arterial flow shows a gradual
increase[4].
As is well documented through imaging techniques,
such as CTA and CTAP, and histopathologically, the
hepatocarcinogenetic process involves a gradual decrease
in portal blood flow within the lesion and a reciprocal
increase in hepatic arterial blood.
Although the HCC lesion is usually demonstrated as
an iso- or hypoattenuated mass on CTAP, hyperattenuated
lesions on CTAP are rare and limited to observations
made in Japan[5-7].
Hyperattenuation on CTAP has been postulated as
being reciprocal compensation for portal venous flow and
hepatic arterial flow[5]; however, it is difficult to explain
such hyperattenuation on CTAP by this premise because
of the crucial gradual pressure between the hepatic artery

www.wjgnet.com

and the portal vein. Although this hypothesis has not been
pathophysiologically proven yet, one possible explanation[8]
could be the following.
Abnor mal thick-walled tumor vessels or tumor
neovascularity may not necessarily carry arterial blood,
considering the unique dual blood supply system of
the originating organ, the liver. Tumor vessels may be
communicating predominantly with the portal venous
system through pre-existing intratumoral portal veins
at the early stage of hepatocarcinogenesis (LGDN to
wHCC), when both pre-existing arteries and portal veins
decrease in number and when tumor angiogenesis may
already have begun.
Net portal perfusion seen on CTAP in such tumors
may reflect the sum or an additional effect of the reduced
preexisting portal vein and the increased tumor vessels.
These two factors may thus cancel out each other, resulting
in isoperfusion on CTAP. When tumor angiogenesis
exceeds the loss of a preexisting portal vein, the lesion
may exhibit hyperattenuation on CTAP. Despite the
communication between tumor vessels and portal veins,
the tumor may become hypoxic because of the paucity
of oxygen in portal venous blood compared with arterial
blood. The hypoxia may thus induce gradual angiogenesis.
As the histologic grades of the liver nodule advance, tumor
vessels increase and may start to communicate with the
arterial system as well, either through preexisting arteries or
directly through outside arteries. Portal communication of
the tumor vessels may gradually decrease; instead, arterial
communication becomes gradually dominant. In mHCC
and pHCC, therefore, the tumor may be fed exclusively by
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arterial supply.
We have previously presented a rare case of welldifferentiated HCC manifesting hypoattenuation on CTA
and hyperattenuation on CTAP[7]. Takayasu et al[6] also have
presented three such cases of HCC. These observations
give rise to one possible explanation of the present case
manifesting hyperattenuation on both CTA and CTAP: in
the course of dedifferentiation from well- to moderatelydifferentiated HCC, there may be an intermediate phase
between the manifestation of hypoattenuation on CTA
and hyperattenuation on CTAP and the manifestation
of hyperattenuation on CTA and hypoattenuation on
CTAP. To the best of our knowledge, this is the first case
of well- to moderately-differentiated HCC manifesting
hyperattenuation on both CTA and CTAP.
Histopathologically, the tumor showed well- to
moderately-differentiated HCC characterized by more than
two-fold the cellularity of the non-tumorous area, fatty
change, clear cell change and mild cell atypia with a thin to
mid-trabecular pattern. Varying degrees of fatty changes
may be one of the significant morphological markers of
malignant transformation in the nodule, as observed in our
US guided biopsy specimen.
Immunohistochemically, HSP70 is significantly
overexpressed in early HCC, compared with its expression
in dysplastic nodules, reaching 80% in most cases of welldifferentiated HCC[9].
All cases of dysplastic nodules have been negative or
focally positive (5%-10% of the lesions) for CAP2; in
contrast, most cases of HCC (27 of 29 cases) have been
partly positive for CAP2. Of the lesions, 70%-100%
have been positive in the advanced components, and the
positivity of well-differentiated HCC has ranged from
10% to 100%[10].
Positive immunohistochemical staining of both HSP70
and CAP2 confirmed the diagnosis of well- to moderatelydifferentiated HCC in the present case.
Positive immunohistochemical staining of CD34 in
endothelial cells in the sinusoidal blood space has shown
capillarization [11]. The immunohistochemical staining
of CD34 was compatible with the hypervascularity
of our tumor, as shown by imaging studies. Relatively
less positive staining of CD68 of Kupffer cells in the
sinusoidal blood space revealed the dedifferentiation.
This finding was compatible with the imaging studies
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based on SPIO-MRI.
Further studies on sequential homodynamic change in
hepatocarcinogenesis are indicated.
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Abstract
We describe a 45-year-old woman with minute signet ring
cell carcinoma occurring in a gastric hyperplastic polyp.
A biopsy specimen obtained from the gastric hyperplastic
polyp revealed signet ring cell carcinoma. Endoscopic
mucosal resection (EMR) was performed to confirm the
diagnosis. Histological examination of the EMR specimen
revealed focal signet ring cell carcinoma in the hyperplastic
polyp. There are few cases of gastric hyperplastic polyp
associated with signet ring cell carcinoma.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Patients with gastric hyperplastic polyps may present with
anemia, abdominal pain or gastric outlet obstruction[1,2];
therefore, most endoscopists agree that large gastric polyps
or polyps associated with complications should be removed
endoscopically or surgically. On the other hand, signet ring
cell carcinoma rarely occurs in gastric hyperplastic polyps;
however, no standardized therapy for such cases has been
established. Herein, we report a rare case of a Japanese
woman diagnosed with minute signet ring cell carcinoma
in a gastric hyperplastic polyp and treated with endoscopic
mucosal resection (EMR).

CASE REPORT
A 45-year-old woman visited our hospital for a followup study of a gastric polyp. She had been diagnosed with
gastric hyperplastic polyp on the posterior wall of the
middle third area 5 years previously. Her body temperature
was 36.4℃, blood pressure was 126/78 mmHg, and radial
pulse rate was 66 beats/min and regular. She had neither
anemia nor jaundice. A neurological examination revealed
no abnormal findings and there was no lymphadenopathy.
No specific family history was identified. Routine
hematological examination and biochemical tests were
within normal limits. Serum anti-H pylori immunoglobulin
G (IgG) antibody was positive. Endoscopic examination
of the upper digestive tract revealed a small gastric
hyperplastic polyp in the posterior wall of the gastric
body (Fig. 1). The first biopsy specimen obtained from
the polyp showed signet ring cell carcinoma. However,
the biopsy specimen obtained repeatedly (three times)
from the lesion revealed hyperplastic foveolar epithelium.
Thus, the definite diagnosis could not be made. The
patient underwent an EMR for histological confirmation.
The protruding lesion, 6 × 5 mm in size, was resected
completely with a safe lateral and vertical margin (Fig. 2).
Histological examination showed neoplastic cells with
signet ring features surrounded by the tissue of the
hyperplastic polyp (Fig. 2). The protruding lesion was
diagnosed as minute signet ring cell carcinoma in a
hyperplastic polyp with mucosal invasion, ly0, and v0.

DISCUSSION
This case involved the unusual association of a gastric
hyperplastic polyp and focal signet ring cell carcinoma.
Histological features in this case fulfilled the criteria of
Nakamura et al [3] for the malignant transformation of
hyperplastic polyps: (1) coexistence of benign and malignant
parts in the same polyp; (2) existence of sufficient evidence
that the benign area had previously been a benign polyp;
and existence of sufficient cellular and structural atypia in
the malignant area to be diagnosed as cancer.
The relationship between gastric hyperplastic polyp
and gastric cancer remains unknown. In a study of
gastric polyps[2,4] we found that hyperplastic polyps are
the most common; nearly 85%-91% of all polyps were
hyperplastic polyps. In another report, the incidence of
gastric hyperplastic polyps was reported to be 28.3% in
one series of 5515 gastric polyps by Stolte et al[5]. As gastric
www.wjgnet.com
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Figure 1 Endoscopic appearance of the gastric hyperplastic polyp in the posterior
wall of the gastric body.

hyperplastic polyps are common, we should identify
the relationship between gastric hyperplastic polyps
and gastric cancer. It is generally acknowledged that the
natural course of hyperplastic polyps does not include
transformation to carcinoma, although hyperplastic polyps
occasionally associate with gastric cancer [6-8]. In these
reports, most hyperplastic polyps harboring cancer were
larger than 1 cm in size[6-8]. The malignant transformation
of a hyperplastic polyp is considered to relate to the size
and macroscopic type; as the polyp grows larger and
becomes semipedunculated or pedunculated, adenomatous
or dysplastic foci appear first, followed by the cancerous
lesion. Most adenocarcinomas found within hyperplastic
polyps are the differentiated type. Few cases of signet ring
cell carcinoma occurring in gastric hyperplastic polyps
have been reported[4,9].
In the present case, the hyperplastic polyp, 6 mm
in diameter, was associated with focal signet ring cell
carcinoma and was diagnosed by endoscopic biopsy
by chance. However, we could not locate the cancer in
the polyp by careful observation with endoscopy. Thus,
association of hyperplastic polyp and gastric cancer should
generally be taken into consideration when endoscopists
detect gastric hyperplastic polyps. Endoscopists should
aggressively obtain biopsy specimens from hyperplastic
polyps even if they are small.
In conclusion, we report the case of a woman
diagnosed with minute signet ring cell carcinoma in a
hyperplastic gastric polyp. This case emphasizes that small
gastric hyperplastic polyp may be associated with gastric
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Figure 2 The resected specimen obtained by endoscopic mucosal resection
showing localized neoplastic cells with signet ring features limited to the mucosal
layer (arrows) (HE, × 10, × 100).

cancer, and periodic follow-up endoscopy and careful
observation are necessary when treating patients with
gastric hyperplastic polyp, even when it is less than 1 cm.
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Abstract
Heterotopic pancreatic tissue within the stomach is rare
and dysplasia within heterotopic pancreatic tissue is
very rare. We present the first report of a patient with
concurrent occurrence of heterotopic pancreas in the
stomach with a gastrointestinal stromal tumour.
© 2007 WJG . All rights reserved.
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INTRODUCTION
Heterotopic pancreas is a relatively common lesion found
in approximately 1 in 500 abdominal laparotomies[1] with
approximately 62% found in the stomach[2]. Pancreatic
heterotopia is defined as pancreatic tissue lacking vascular or
anatomical continuity with the normal pancreas[1]. Symptoms
associated with heterotopic pancreas are rare, but when
present are usually associated with a gastric site. Symptoms
may be due to mass effect such as pyloric obstruction,

ulceration or bleeding, or due to pancreatic diseases such as
pancreatitis, cyst formation or pancreatic neoplasia. Dysplasia
and malignancy within pancreatic heterotopia are rare
events[3]. The synchronous occurrence of gastrointestinal
stromal tumour (GIST) and heterotopic pancreas has not, to
our knowledge, been previously reported.

CASE REPORT
A 71 year-old female was admitted to our hospital for
melaena (77 g/L haemoglobin). She underwent endoscopy,
and two lesions were visualised in the gastric antrum, one
with overlying mucosal ulceration. The lesions were not
biopsied as they were scheduled for resection. On the
following day, both lesions were resected. Macroscopically
the lesions measured 70 mm × 50 mm × 40 mm and 15 mm
× 15 mm × 12 mm. The former was a solid tumour with a
fleshy tan cut surface, while the latter was a solid and cystic
lesion containing a single cyst (10 mm in diameter) filled with
mucinous material. The solid lesion with surface ulceration
was a gastrointestinal stromal tumour (intermediate risk,
uncertain malignant potential)[4] composed of fascicles of
spindle cells exhibiting mild nuclear pleomorphism and
up to 4 mitotic figures per 50 high power fields (Figure 1).
Large areas of tumour necrosis were present. Surface
ulceration was present, which was the likely source of
melaena.
The smaller lesion was composed of pancreatic ducts
and acini within the gastric submucosa and focally extended
into the muscularis propria. Within this area was a cyst partly
lined by mucinous epithelium while in some areas the lining
epithelium was denuded. The mucinous epithelium exhibited
moderate to severe dysplastic cytoarchitectural features
(tufted and micropapillary architecture, along with nuclear
enlargement, stratification, coarsely granular chromatin and
nucleolar prominence) (Figure 2). Around the cyst there were
small pools of extracellular mucin, associated with a chronic
inflammatory response suggestive of partial rupture. Adjacent
smaller dilated ducts were lined by non-dysplastic columnar
mucinous epithelium. No evidence of stromal invasion was
present. The cyst lining cells were positive for CK7 and CK20
(Figure 2), the latter was localized in the dysplastic areas. The
intracytoplasmic mucin was positive for alcian blue pH 0.5
and periodic acid Schiff.
The gastric mucosa adjacent to the lesions showed
active chronic gastritis, H pylori organisms and intestinal
metaplasia.
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Figure 1 Gastrointestinal stromal tumour composed of fascicles of spindle cells.
The tumour cells are positive for CD117 (inset).

Figure 2 Severely dysplastic mucinous epithelium lining mucin-filled cyst in
heterotopic pancreas. The dysplastic epithelium is positive for CK20 (inset).

DISCUSSION
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Abstract
A high incidence of IgA nephropathy has been reported
in patients with liver cirrhosis, though, clinically evident
nephrotic syndrome is very uncommon. Impaired
hepatic clearance of circulating IgA immune complexes
and subsequent deposition in renal glomeruli has
been considered principally in the pathogenesis of
liver cirrhosis associated IgA nephropathy. Here we
report on a patient with cryptogenic liver cirrhosis and
splenic vein thrombosis, who presented with nephrotic
syndrome. Renal biopsy showed findings consistent with
IgA nephropathy. Lower endoscopy showed features
of portal hypertensive colopathy. Following initiation
of propranolol and anticoagulant treatment to reduce
portal pressure, a gradual decrease of proteinuria and
hematuria to normal range was noted. The potential
p a t h o g e n e t i c ro l e o f p o r t a l hy p e r t e n s i o n i n t h e
development of IgA nephropathy in cirrhotic patients is
discussed.
© 2007 WJG . All rights reserved.
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INTRODUCTION
IgA nephropathy (IgAN) is a well known concomitant of
liver cirrhosis (LC) with largely unknown pathogenesis[1,2].

Most of the literature has focused on the causative role of
impaired clearance of circulating IgA immune complexes
(IgAIC) by the diseased liver with subsequent intraglomerular deposition[1,3-5]. Other reports suggested that some etiological factors of chronic liver disease may be associated
per se with development of IgAN[6-11]. We report the case
of a patient with portal hypertension (PH) due to cryptogenic LC and splenic vein thrombosis (SVT) presented as
nephrotic syndrome (NS), caused by IgAN. Proteinuria resolved after the introduction of propranolol and oral anticoagulation. The association of PH with IgAN is reviewed
and potential pathogenetic mechanisms through which PH
can cause IgAN in cirrhotic patients are proposed.

CASE REPORT
A 34-year-old man was evaluated for nephrotic range proteinuria and LC. Seven days before, he was admitted to
another hospital with a 6-mo history of ankle swelling and
periorbital oedema, and a 3-wk history of increased abdominal distention. Abdominal ultrasound showed a nodular liver, moderate ascites, and splenomegaly; the kidneys
had normal dimensions and structure. Diagnostic aspiration of peritoneal fluid showed no evidence of infection;
the serum ascites albumin gradient was consistent with PH
(1.2). A large volume paracentesis was performed and daily
treatment with furosemide 40 mg and spironolactone 100
mg was initiated.
On admission, the patient had mild peripheral oedema
and ascites. Past history, including blood transfusion and
alcohol consumption, was unremarkable, and he denied
taking regular medication. There was no history of family renal or liver disease. Abnormal laboratory results were
as follows: hemoglobin 114 g/L (normal range, 130-180),
platelet count 79 000/mm3 (130 000-400 000), international
normalized ratio 1.2, fibrinogen 3.2 g/L (2-4), plasma
D-dimers 1310 mg/L (< 200), serum urea 9.86 mmol/L
(1.7-8.3), serum creatinine 88.4 μmol/L (53-106), total bilirubin 20.5 μmol/L (5.1-17), alanine aminotransferase 59
U/L (4-36), serum total protein 56 g/L (60-78), and serum
albumin 22 g/L (32-45). Urinary protein was 3.6 g/day (<
0.06), red cell content 80-100 per field, white cell content
0-2 per field. Serum IgA was 7.1 g/L (0.9-3.2), IgG 15.7 g/
L (8-15), and IgM 2.3 g/L (0.5-3). Serum C3 and C4 were
0.76 g/L (0.86-1.84) and 0.1 g/L (0.2-0.58), respectively.
Chest radiography and echocardiography were normal.
Stool examination for occult blood was positive with a ferritin of 5 ng/mL (6-80).
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Liver biopsy confirmed LC but failed to disclose the
aetiology of liver disease. The results of a thorough diagnostic work-up, including PCR for HBV and HCV, antimitochondrial antibodies, antinuclear antibodies, anti-smooth
muscle antibodies, anti-liver-kidney microsomal antibodies,
soluble liver antigen, alpha1-antitrypsin, copper and iron
studies, and cryoglobulins, were also negative. Upper gastrointestinal endoscopy showed 1st degree esophageal varices and congested gastric mucosae. Colonoscopy revealed
hyperemia, mucosal oedema, and friability throughout the
entire colon, indicative of PHC. Abdominal computed
tomography and venography revealed SVT and extensive
venous collateral circulation; there was no evidence of
splenorenal shunt, and portal or renal vein thrombosis.
Investigation for acquired and inherited thrombophilic factors revealed the G20210A heterozygous mutation of prothombin. Other coagulation defects, including deficiencies
of natural inhibitors of coagulation (protein C, protein S,
antithrombin), factor V Leiden mutation, TT677 mutation
of methylene-tetrahydrofolate reductase, and anticardiolipin antibodies, were not detected.
A renal biopsy demonstrated a diffuse endocapillary
glomerulonephritis with a small proportion of crescends.
The immunofluorescent study revealed IgA deposits of
high intensity, localized within the mesangium of all glomeruli, as well as lesser amounts of IgM and C3. The electron-microscopic study showed electron-dense deposits
under the basement membrane of capillaries that extended
to the paramesangial region. A few intramembranous deposits were also seen (Figure 1).
Propranolol, increasing to 60 mg daily to achieve a
reduction of heart rate by 25%, the vitamin K antagonist
acenocoumarol, targeting an INR in the range of 2-3, and
iron sulfate were added to diuretic treatment. Renal protein
excretion decreased to normal range within 20 d together
with a reduction of IgA levels (3.4 g/L) and disappearance
of hematuria; ascites and oedema gradually resolved. One
month later, repeated tomography showed patent splenic
vein and a decrease in collateral circulation and size of
spleen.

DISCUSSION
IgAN associated with liver disease is the commonest
form of secondary IgAN[12]. Glomerular deposits of IgA
and fewer amounts of other immunoglobulins and C3
have been noted in 35% to 90% of cirrhotic patients[1,2].
The majority of IgA synthesis in human is mucosal,
predominantly polymeric (pIgA) with two isotypes, IgA1
and IgA2, in about equal proportions. Normally, little
mucosal pIgA reaches the circulation[12]. In patients with
chronic liver disease, increased circulating IgA against
gut flora and IgAIC have been reported [5,13] . Serum
complement factor levels may be low due to activation of
complement components by immune complexes, hepatic
hyposynthesis, or both [14]. PIgA2 is mainly eliminated
through the hepatic asialoglycoprotein receptor (ASGR)
whereas only a small percentage of pIgA1 is cleared
through this pathway [15] , which explains the higher
proportion of circulating IgA2 in chronic liver disease[16].
The majority of pIgA is then released back to the
www.wjgnet.com
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Figure 1 A: Light microscopy study showing endocapillary and extracapillary
proliferation. A large cellular crescend is observed in the left upper glomerulus
(silver methoxamine stain, × 200); B: Electron-microscopic study showing
intramembranous and paramesangial electron-dense deposits (× 13 000).

circulation in degraded forms[17]. Kupffer cells participate
in the removal of IgA expressing specific Fc receptors[18].
PIgA1 is the predominant form in mesangial deposits[19],
yet no antigens have been identified within the mesangial
deposits.
LC-related IgAN is usually clinically silent[1]. Nakamoto
et al[20] reported NS in 1.6% of a series of 752 cirrhotic
patients. Microscopic but rarely gross hematuria may
occur, but it is less common than in patients with primary
IgAN[1,20].
The pathogenesis of LC-related IgAN remains uncertain. Impaired hepatic clearance of IgAIC due to reduced
phagocytic[1,3-5] or ASGR[6] activity, which subsequently are
deposited in the renal glomeruli, have been considered
principally in the literature. However, there is no correlation between the degree of liver damage and the IgAIC
levels[16]. In addition, a direct association of various causes
of chronic liver disease, such as hepatitis viruses B[6] and
C[7] infections, heavy alcohol consumption[8], autoimmune
hepatitis[9], primary hemochromatosis[10], and alpha1-antitrypsin deficiency[11] with immunological renal injury has
been suggested.
In the present case, IgAN was secondary to LC of
unknown etiology complicated by PH and portosystemic
shunting, as shown by the imaging results, and the
presence of PHC[21] and esophageal varices. Proteinuria
and hematuria resolved after introduction of propranolol
to improve PHC [21] by decreasing portal pressure
and tributary flow [22]. No significant renal effects of
propranolol have been reported in cirrhotic patients to

Kalambokis G et al . Portal hypertension associated IgA nephropathy

justify decrease of proteinuria[23]. SVT has been associated
with left-sided PH in non-cirrhotic subjects[24]. Therefore,
acenocumarol may have exerted an additive portal
hypotensive effect in our patient by restoring SVT, possibly
related to PTHR A20210 mutation[25] or NS per se[26]. Renal
vein thrombosis[26] or spontaneous splenorenal shunt[27],
which might have been involved in the development and
progress of IgAN in our patient, were not confirmed by
computed tomography and venography.
Consistent with our observations, three previous
case reports highlighted the pivotal role of PH in the
development of LC-related IgAN[28-30]. Nakamura et al[28]
reported a progressive fall in proteinuria together with
clinical remission of NS after initiation of propranolol
in a patient with cryptogenic LC. In another case of
non-cirrhotic PH and IgAN induced NS, portacaval
anastomosis decreased portal pressure causing proteinuria
and hematuria to disappear [29]. Finally, Babbs et al [30]
described a case of IgAN in a non-cirrhotic patient with
a large splenic artery aneurysm causing PH and extensive
collateral circulation. Splenectomy and aneurysm resection
induced remission of the NS and hematuria.
The portosystemic shunting that results from PH
may cause IgA to deviate from hepatic uptake and
depolymerization [1] . Therefore, reduction of PH is
expected to increase hepatic processing of IgAIC. PH
also decreases small intestinal motility promoting bacterial
overgrowth[31,32], while in the same time increases intestinal
permeability[33]. In this regard, increased circulating IgA
and IgAIC may represent an exaggerated response of
immune system to excess gut antigen exposure [34,35],
resulting from diminished mucosal integrity and spillage
of IgA into the circulation. Another mechanism could
involve the endotoxemia that frequently accompanies
LC with PH[36], suggested to be generated by gut flora
through bacterial translocation[37,38] favored by dysfunction
of intestinal barrier[33,37]. Previous literature showed that
endotoxemia may decrease hepatic ASGR binding [39].
Therefore, portal hypotensive treatment may decrease
bacterial translocation and endotoxin levels[40], which could
restore ASGR function.
In conclusion, PH seems to play a significant role in the
pathogenesis of IgAN associated with LC. In this point
of view, a decrease in PH is likely to reduce renal protein
excretion in patients with significant proteinuria. Further
studies are needed to assess if the severity of PH is related
with the magnitude of renal IgA deposition.
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Abstract

INTRODUCTION

We first report a rare case of metastasis from gastric
hepatoid adenocarcinoma (HAC) to cerebral parenchyma,
in a 50-year-old Chinese patient. He complained of a
one-month history of a paroxysm of headache in the left
temple and pars parietalis accompanied with binocular
caligation caligo, insensible feeling of limbs and transient
anepia. Magnetic resonance (MR) imaging revealed a
spherical occupying lesion in the left posterior-temple
lobe which was clinically diagnosed as a metastatic
tumor. Three years ago, the patient accepted total
gastrectomy as he was pathologically diagnosed at
gastroscopy having an adenocarcinoma. Eight months
after gastrectomy, the occupying lesion in liver was
detected by ultrasound and CT, and he accepted
transcatheter arterial embolization. Before operation of
the brain metastasis, no obvious abnormality was found
in liver by ultrasound. Histopathological characteristics
of the brain tumor were identical to those of stomach
tumor. The growth pattern of both tumors showed solid
cell nests. The tumor cells were polygonal, and had
abundant eosinophilic cytoplasm and round nuclei with
obvious nucleoli. Sinusoid-like blood spaces were located
between nodular tumor cells. Immunohistochemistrystained tumor cells were positive for AFP and negative
for Hep-Par-1. According to these histopathological
findings, both tumors were diagnosed as HAC and
metastatic HAC. The patient remained alive 16 mo
after tumorectomy of the cerebral metastasis. The
differential diagnosis of brain metastasis from metastatic
tumors should use a panel of antibodies to avoid
confusing with the brain metastasis of hepatocellular
carcinoma (HCC). This paper describes this rare case
of metastasis from gastric hepatoid adenocarcinoma
to cerebral parenchyma, and provides a review of
the literature concerning its histopathological and
immunohistochemical characteristics.
© 2007 WJG . All rights reserved.
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Gastric carcinoma is one of the most frequent tumors in
the world. Its histological types include well- and poorlydifferentiated adenocarcinoma, hepatoid adenocarcinoma
(HAC), adenosquamous carcinoma, etc[1]. Metastasis of
gastric carcinoma occurs mainly in organs and lymph
nodes in venter imus, rarely in distant sites. Since Bourreille
et al[2,3] reported the first case of gastric carcinoma with
an increased level of serum alpha fetoprotein (AFP) in
1970, other cases have been reported [4,5]. In 1985, the
term of hepatoid adenocarcinoma was used as malignant
epithelial tumor derived from stomach by Ishikura et al[6].
The incidence rate of HAC is about 1.3%-1.5%. HAC
produces a large amount of AFP, and is characterized by
histopathological features, such as hepatoid differentiation,
metastasis and poor prognosis. The number of brain
metastases from gastric carcinoma, especially from gastric
hepatoid adenocarcinoma is small. Only one case of
cerebellar metastasis from gastric cancer with a higher level
of AFP has been reported by Goda et al[7]. We present the
first case of gastric hepatoid adenocarcinoma metastasis to
cerebral parenchyma.

CASE REPORT
History and examination
A 50-year-old patient was admitted to our hospital with
complaint of a one-month history of a paroxysm of
headache in the left temple and pars parietalis accompanied
with binocular caligation caligo, insensible feeling of limbs
and transient anepia. The patient had no history of nausea
and vomiting, spasm, palsy, aconuresis and copracrasia.
Physical examination revealed decreased visual acuity and
papilledema.
Radiological studies
Magnetic resonance (MR) imaging revealed a spherical
occupying lesion of about 6.0 cm × 4.8 cm × 4.0 cm in
www.wjgnet.com
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the left posterior-temple lobe with a high intensity on T2weighted images and irregular contrast enhancement with
a clearly boundary and uneven signal after administration
of gadolinium-diethylene triamino pentaacetic acid (GdDTPA). The lesion displayed an occupying effect, an
out-inferior border close to the left transverse sinus,
a perilesional irregular edema zone, compressed and
deformed left posterior ventricle, and median line turned
to dextroposition (Figure 1). The lesion was clinically
diagnosed as a metastatic tumor.
Operation
On the 7 th d after admission, the patient underwent
tumorectomy. A tumor was found in subcortex of the left
temporal lobe of about 0.3 cm and resected. A sample of
about 4.0 cm × 5.0 cm × 5.0 cm was taken for pathological
examination.
Pathological findings
Pathological analysis of the tumor sample revealed
the growth pattern of solid cell nests. The polygonal
tumor cells had abundant eosinophilic cytoplasm and
round nuclei with obvious nucleoli. A pseudoglandular
configuration containing proteic fluid was found in some
parts of the tumor. Sinusoid-like blood spaces were
located between nodular tumor cells (Figure 2). Metastasis
of hepatocellular carcinoma was suspected.
Immunohistochemistry
Immunohistochemistry-stained hepatoid cells were
positive for alpha-fetoprotein (AFP) and negative for
Hep-Par-1 (Table 1, Figure 3), which did not match the
immunohistochemical features of hepatocellular carcinoma
metastasis.
www.wjgnet.com

   November 21, 2007

Volume 13 Number 43

Figure 1 MR imaging revealing a spherical occupying
lesion in the left posterior-temple lobe with a high
intensity on T2-weighted images and irregular contrast
enhancement with a clear boundary and uneven
signal in size of about 6.0 cm × 4.8 cm × 4.0 cm
after administration of gadolinium-diethylene triamino
pentaacetic acid (Gd-DTPA). A: Coronal gradient-recalled
echo; B: Cross-sectional T2WI; C: Cross-sectional
contrast enhancement T1WI; D: Coronal T1WI-delayed
scan 4 h after contrast media injected via veins.

Clinical history
Three years ago the patient was admitted to hospital
due to recurrent pain in the epigastrium and accepted
total gastrectomy because he was diagnosed having
adenocarcinoma in cardia and corpora of the stomach
with lymph node metastasis (Figure 4). No abnormal
acoustic image in liver, pancreas, spleen and other organs
was found on ultrasonograph. After surgery the patient
received 6 mo of chemotherapy [calcium folinate (CF),
5-fluorouracil (5-FU) and cis-diamminedichloroplatinum
(DDDP)]. The histopathological characteristics of brain
tumor were identical to those of the sample sections.
Immunohistochemistry-stained specimen of gastric
carcinoma was positive for AFP and negative for HepPar-1 (Figure 5). Eight months after gastrectomy, an
occupying lesion was detected in liver by ultrasound.
CT scan also revealed a nodular or lump-like, highdensity contrast mass in liver lobes during arterial phase,
but the size of liver did not change, liver boundary was
smooth and hepatic lobes were normal. The density of
a larger mass of about 6.7 cm × 5.5 cm was uneven and
the interior density was low at portal venous phase. The
architecture of porta hepatis was clear (Figure 6). The
diagnosis was liver metastasis from gastric carcinoma.
Transcatheter arterial embolization for hepatic metastatic
tumors with CF, 5-FU and DDDP was perfor med.
The liver was rechecked by ultrasound every 6 mo after
embolization. Before operation of the brain metastasis,
ultrasound displayed no obvious abnormalities in liver
and kidney and color Doppler flow imaging revealed no
obvious bloodstream signals (Figure 7). Based on the
results of histopathology and immunohistochemistry, the
lesions were finally diagnosed as hepatoid adenocarcinoma
(HAC) of cardia and corpora of the stomach and
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metastatic hepatoid adenocarcinoma in the left posterior
temple lobe, respectively. The patient was alive in the
16-mo follow-up period after operation of brain tumor.

DISCUSSION
Most patients with advanced gastric carcinoma die of
metastasis and progressive cachexia. Metastasis of gastric
carcinoma mainly occurs in peritoneal organs such as
liver and lymph nodes; distant metastasis is rare. The
incidence of intracranial metastasis from gastric carcinoma
carcinoma ranges 1.3%-9.8% [8-10] . However, autopsy
showed that the incidence of intracranial metastasis from
gastric carcinoma is over 10.87%[11].
HAC is a special type of extrahepatic adenocarcinoma
and its morpholog y is strikingly similar to that of
hepatocellular carcinoma (HCC). Tumor cells consist of
polygonal tumor cells with large central nuclei, prominent
nucleoli, and abundant eosinophilic cytoplasm, showing
solid growth pattern and less trabecular and glandular
as well as frequent lymphatic and vascular invasiveness,
regional prominent mitoses, but no bile secretion and
periodic acid-Schiff-positive diastase-resistant hyaline
globules. HAC has been found in different organs, such
as the stomach, lung, pancreas, esophagus, papilla of
Vater, colon, bladder, kidney, ovary, uterus, cervix and
peritoneal organs[4,5,12-21]. Most patients are males, ranging
in age from 40 to 77 years. The antrum and pylorus are
the frequent locations of gastric HAC. Most patients with
HAC show an elevated AFP serum level. The clinical
course of HAC patients is aggressive and poor in survival.
The biological behavior of HAC is associated mainly with
extensive hematogenous metastasis to the liver and early
involvement of lymph nodes. Up to date, only one case
of cerebellum metastasis from gastric carcinoma with
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Figure 2 Brain metastatic tumor
showing the growth pattern of
solid cell nests (HE stain). A:
Polygonal tumor cells with abundant
eosinophilic cytoplasm, rich blood
vessels and clear boundary of tumor
and brain parenchyma (× 100);
B: Polygonal tumor cells showing
epitheliod and abundant eosinophilic
cytoplasm, rich chromatin nuclei with
obvious nucleoli (× 200); C: Round
nuclei with obvious nucleoli, rich
blood vessels resembling sinusoidlike blood spaces in hepatocellular
carcinoma (× 200); D: Tumor cells
exhibiting radial pattern surrounding
thin- walled vessels (× 200).

Table 1 Immunohistochemical characteristics of cerebral
metastasis and primary gastric carcinoma

AE1/AE3
EMA
CK7
CK20
Villin
AFP
E-Cadherin
Hep-Par-1
CK8
CK19
34βE12
AACT
CD10
CD68
CK17
CK5/6
S-100
GFAP
SYN
NSE

Cerebral metastasis
+
+
+
+
+
+
+
+
+

Primary gastric carcinoma
+
±
+
+
+
+
+
-

an elevated AFP level has been reported[7]. However, no
report on supratentorial cerebral parenchymal metastasis
of gastric HAC is available.
Kodama et al[22] have reported two histological types
of AFP-producing gastric carcinoma: medullary type and
well-differentiated papillary or tubular type[22]. HAC of the
medullary type is positive for AFP and well-differentiated
adenocarcinomatous type is negative for AFP[6]. HAC of
the medullary type has a striking morphologic similarity to
HCC, and both of them produce high levels of AFP. Our
patient had the morphology of the medullary type and was
positive for AFP. Ishikura et al[6] suggested that this may be
www.wjgnet.com
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due to the fact that the stomach and liver are both derived
from primitive foregut of the embryo, and disturbances of
differentiation may ultimately result in the development of
foci of hepatocellular differentiation.
HAC and HCC share numerous clinicopathological
features, such as elevated AFP serum level, hepatoid
morphology and immunoreactivity with AFP, polyclonal
carcinoembr yonic antigen (CEA), and alpha-1
www.wjgnet.com
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Figure 3 Immunoreactive characteristics of brain metastatic tumor
(EnVision). A: Positively- stained
cytokeratin AE1/AE3 (× 200); B:
Positively-stained cytokeratin 8 (×
200); C: Positively-stained AFP (×
200); D: Negatively-stained HepPar-1 (× 200).

Figure 4 Histopathological features
of primary gastric hepatoid adenocarcinoma. A: Tumor located
at submucosa and intramuscle
showing the growth pattern of
solid cell nests (× 40); B: Part of
tumor grown in cords separated
by sinusoid-like blood spaces (×
200); C: Part of tumor grown in solid
appearance showing polygonal
epithelioid tumor cells with abundant
eosinophilic cytoplasm, round
nuclei with obvious nucleoli (×
200); D: Intralymph vascular tumor
thrombosis in primary carcinoma (×
200).

antitrypsin[23]. The histopathology of HAC and HCC is
extremely similar, thus making the differential diagnosis
difficulty, especially when the primary tumor is unknown.
Immunohistochemistry of extrahepatic HAC and HCC is
positive for AFP, CEA and cytokeratins 8 and 19, but not
for cytokeratin 7[23,24]. The immunoreactivity of CK7 was
positive in brain metastasis of our patient but negative in
primary gastric carcinoma. The inconsistent phenomenon
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Figure 5 Immunohistochemical
characteristics of primary gastric
hepatoid adenocarcinoma. A:
Positively-stained cytokeratin AE1/
AE3 (× 200); B: Positively-stained
cytokeratin 8 (× 200); C: Positivelystained AFP (× 200); D: Negativelystained Hep-Par-1 (× 200).

Figure 6 CT imaging features of liver metastatic tumor. A: CT scan
revealing nodular or lump-like, high-density contrast mass in liver
lobes during arterial phase; B: Uneven enhancement during portal
venous phase.

Figure 7 Features of ultrasound
examination before operation of
the brain metastasis.

of CK7 immunostaining is unable to explain. Therefore, it
is uncertain that the brain metastasis is derived from liver
metastasis from gastric HAC or from the primary gastric
carcinoma.
Hep-Par-1 is a recently developed new monoclonal
antibody that reacts with a hepatocyte-specific epitope.

It was reported that the sensitivity and specificity of
Hep-Par-1 in HCC are 82% and 90%, respectively [25],
suggesting that this antibody is the most sensitive and
specific immunohistochemical marker for hepatocyte
differentiation[26-28]. In our patient, immunostaining showed
that HCC was positive for Hep-Par-1 and extrahepatic
www.wjgnet.com
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HAC was negative for Hep-Par-1.
Brain is one of the frequent hematogenous metastatic
sites. It was reported that metastasis accounts for 13%
of all brain tumors [9]. Usually, intracranial metastases
and primary gliomas can be differentiated based on
conventional MRI findings and clinical history. However, in
some circumstances, especially when the lesion is solitary
and its clinical features are nonspecific, conventional
MRI alone is difficult to differentiate them. Although
the management of metastases and primary gliomas is
different, their morbidity and mortality are similar.
It was reported that the frequent symptoms of brain
metastasis in recipients are headache, psychiatric symptom,
hemicrania, vision disorder, cortical epilepsy[9]. The present
patient had a similar clinical situation and intracranial
metastases confir med by MRI. Of the intracranial
metastases, malignant melanomas account for 90%,
chorioepithelioma malignum 60%, lung cancers 20%,
breast cancers 16%, renal carcinomas 13% and thyroid
carcinomas 9%. Brain metastasis of gastric cancer has
been found only in about 0.5%-5% of cases reported,
in which poorly-differentiated adenocarcinomas account
for 27.3%-50%[9,29,30]. Most intracranial metastases from
gastric cancer are lymphogenous and occur at meninges.
Metastasis to the cerebral parenchyma via the arterial blood
flow is rare. In general, patients with brain metastasis
from gastric carcinoma have a higher stage of cancer
and lymphovascular invasion or lymph node metastasis[9].
It is difficult to predict brain metastasis. If the patients
have lymph node metastasis, lymphovascular invasion,
or metastasis of other organs, they should be monitored
carefully in order to detect brain metastases.
Treatment of brain metastasis depends mainly on
whether it is solitary or multiple. Solitary metastasis is
treated through resection, and multiple metastases are
treated mainly with radiotherapy and chemotherapy. It
was reported that multiple brain metastases account for
60%-70%, the prognosis of patients with brain metastasis
is generally poor, and the mean postoperative survival time
is about 6 mo[9]. The present patient remained alive 16 mo
after the operation of brain metastasis. A longer survival
time may be associated with the complete resection of
brain metastasis and sensitivity to chemotherapy and
radiotherapy.
In conclusion, metastasis of gastric hepatoid adenocarcinoma to the brain is rare. The differential diagnosis
of metastatic tumors needs to use a panel of antibodies to
avoid confusing with the brain metastasis of HCC. Longterm follow-up and close observation are required to find
the symptoms of nervous system after gastrectomy, and
early CT or MRI should be performed for the diagnosis
of brain metastases. Solitary brain metastases are usually
treated with surgery, radiotherapy and chemotherapy.
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two sides of the hyphen is more than 5. For example, [1-6], [2-14] and [1, 3,
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Statistical data

Present as mean ± SD or mean ± SE.

Statistical expression

Express t test as t (in italics), F test as F (in italics), chi square test as χ2 (in
Greek), related coefficient as r (in italics), degree of freedom as γ (in Greek),
sample number as n (in italics), and probability as P (in italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose
concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration,
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

Standard abbreviations should be defined in the abstract and on first mention
in the text. In general, terms should not be abbreviated unless they are
used repeatedly and the abbreviation is helpful to the reader. Permissible
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly used
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.

Italics

Quantities: t time or temperature, c concentration, A area, l length, m mass,
V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H pylori, E coli, etc.
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